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This document is a compilation of various
reference materials and additional reading
materials to enhance the understanding of
faecal sludge management. This compilation
is provided along with the training on
advanced faecal sludge management
developed and delivered as part of Sanitation
capacity building platform.

The platform provides due credit to CAWST,
EAWAG, Ludwig Sasse, BORDA and UNESCO-
IHE for having utilised their resource for the
preparation of the compilation.

The materials in the document are to be read
and understood alongside the other resources
provided during the training.
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National Institute of Urban Affairs (NIUA) is a
national nodal institute that works closely with the
Ministry of Housing and Urban Affairs (MoHUA),
Government of India. The Sanitation Capacity
Building Platform (SCBP) anchored by NIUA aims
to build local capacity for planning, designing and
implementing non-sewer decentralized sanitation
solutions, with specific focus on Faecal sludge and
septage management (FSSM) and waste water.

SCBP is a partnership of various research
organizations and non-profit institutions (CPR,
BORDA/CDD, CEPT, CSTEP, UMC, CSE, CPR, WASH;,
iDECK, Dasara, Ecosan Services Foundation,
AIILSG). The platform works in in partnership with
national nodal training institutes working for Atal
Mission for Rejuvenationand Urban Transformation
(AMRUT) and Swachh Bharat Mission (SBM), with
universities and research organizations and all
stakeholders in the urban sanitation space. SCBP
is supported by a grant from the Bill and Melinda
Gates Foundation (BMGF).




ABOUT THIS HANDBOOK

The Swachh Bharat Mission has aimed to make India open
defecation free by October 2019. The wide prevalence of
on-site sanitation system in India necessitates the need to
explore safe management of septage along with improved
access to toilets. Recognising this, the Government of India
has also emphasised septage management in its flagship
programme of AMRUT and has also issued policy guidelines
on Faecal Sludge and Septage Management (FSSM).

This document is a part of the advanced training module on
faecal sludge management for engineers. It provides engineers
with a comprehensive understanding on various aspects of
FSM such as planning, design of treatment systems, contracts
for implementation and O&M, etc.

This document consists of details pertaining to the concept of
the training, session plan, objectives and key take aways from
each session and lesson plan. The purpose of this document
is to faciliatate the resource person in conducting the training
program.




I ABOUT THE TRAINING MODULE

Day 1, Session 1
Introduction and need for FSM

Day 1, Session 2
Feacal Sludge Management -
Over view

Day 1, Session 3
Case Studies

Day 1, Session 4
Collection and Conveyance of FS

Day 1, Session 5
Approach to Feacal Sludge
Treatment

Day 1, Session 6
Faecal Sludge Treatment
Technologies

Day 1, Session 7
Planning for FSTP Implementation

Day 1, Session 8
Preparation for feasibility study

Day 2
Feasibility Study
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Treatment conecpt - Sludge drying
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Treatment concept - effluent
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Design of Treatment Systems
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Operation and Maintenance

Day 3, Session 7
Components and Review of a DPR

This session introduces the importance and global need for faecal sludge
management to realize public health, environmental, social, and economic benefits.

This session facilitates understanding of the problems in FSM implementation and
also have an idea about tentative solutions to overcome these problems

This session covers the FSM case studies from around the world and heps to
understand the applicability and efficiency of FSM in various scenarios

This session introduces the various options for collection and conveyance of
faecal slude and enables the participant to calculate the number of trucks for
their town/city

This session heps to understand the difference between sewage and faecal
sludge and to familiarize with treatment principles, objectives, and outcomes

This session introduces at least five treatment technologies for faecal sludge and
to understand the need for combination of treatment technologies

This session introduces the process involved in implementing an FSTP different
cities and explains various contract methods for implementing FST

This session elaborates the different data collection points and methods for a
feasibility study to implement FSM

This session allows the participants to gain hands on experience in data collection
for feasibility study to implement FSM

This session is an activity where the participants prepare and presentation of the
data collection during the feasibility sutdy and discuss the scenarios

This session hepls to understand the concept and characteristics of sludge drying
using planted and unplanted drying beds

This session enanles the participants to carry out preliminary design of the
treatment module - Sludge drying and planted sludge drying bed

This session introduces the components of effluent treatment that is required in
a faecal sludge treatment plant

This session hepls the participants to put together modules for treatment of
faecal sludge to achieve the desired objective

This session deals with the various O&M requirements of the technology options
discussed during the training

This session elaborates the various components that must be included in an FSTP
DPR and proveids a framwork for assessing an FSTP DPR prepared by external
consultants
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'Nntroduction

Non-sewered sanitation is a recent and novice topicin the
field of sanitation planning and implementation in India.
Though these systems have been existent for quite some
time in the country, not much focus was laid on the proper
and sustainable treatment of waste generated from
such systems. The focus over the years has largely been
towards networked or sewerage based sanitation with
the focus to connect all household's wastewater sources
to a network and provide an end of the pipe treatment.
Though such an approach might be at the mainstream
of planning, yet the dearth of funds and sustainable
operation model has led to very few urban local bodies
being sewered. As a result, most ULB still primarily rely
on non-networked sanitation such as septic tanks, pits,
community cess pits etc. There is not much that has been
done or planned for treatment or conveyance of the waste
from such systems and their treatment.

However, with the recent changes in the policy and
emphasis by civil society, the focus is now also towards
safe conveyance and treatment of wastewater generated
from such on site sanitation systems. Urban local bodies
have been provided mandate and direction by the central
and state governments to promote FSM (a major part of

non-sewered sanitation). However, the capacities within
the ULB or other engineering departments are limited in
this field. It is hence the need of the hour to equip the team
of these engineers with knowledge and skill to implement
effective solutions.

This document is a learning tool for the participants of the
training program for government engineers working with
the state or local bodies who would be intimately or partly
involved in planning and implementing an FSTP.



DAY 1

TRAINING AGENDA

Time Session name Session outcomes
0930-1000 | Registration and introduction Participants introduction and training outcomes and expectations
»  Participants understand the concept and need for FSM
B : »  Participants remember shit flow diagram (SFD) as a tool for
1000 - 1045 | Introduction and need for FSM assessing sanitation
»  Participants can list the stakeholders involved in FSM
»  Participants willlearn the components of FSM. _

1045 - 1130 | Faecal sludge management — Overview »  Participants have an understanding of the problems in FSM
implementation and also have an idea about tentative solutions to
overcome these problems

1130 - 1145 | Tea break

»  Participants are confident of FSM as a solution

1145 -1230 | Case studies »  Participants can remember benefits accrued to the public and ULB

due to FSM
»  Participants are aware of various options for collection and
B transport of faecal sludge

1230 -1300 | Collection and conveyance of Faecal sludge »  Particpants are able to estimate the number of vechicles required
for desludging.

1300 - 1400 | Lunch break

»  Participants understand the difference between sewage and faecal
sludge

1400 - 1445 | Approach to Faecal sludge treatment »  Participants are familiar with treatment principles, objectives, and
outcomes

»  Participants are aware and remember at least five treatment

1445 - 1530 | Faecal sludge treatment technologies technologles —

»  Participants understand the need for combination of treatment
technologies

1530 - 1545 | Tea break

»  Participants are aware of the process involved in implementing an
: . ‘ FSTP for their cities

1545 - 1630 | Planning for FSTP implementation »  Participants are aware of various contracting methods for FSTP
implementation

1630 - 1700 | Preparation for feasibility study Participants are aware of data collection methods for a feasibility study

1700 - 1715 | Debriefing on days learning Participants reinforce their learnings

1715-1730 | Feedback Participants co-create the learning environment based on their needs.

DAY 2

Time \ Session name \ Session outcomes

0930 - 0950 | Briefing Participants are aware of the day's agenda and remember critical data to
be collected

0950 - 1100 | Travel to site

1100 — 1300 | Data collection in groups Participants have necessary data for feasibility study

1300 - 1345 | Lunchatsite

1345 - 1500 | Return travel

1500 - 1515 | Debriefing Participants learn new perspectives from others/groups

1515 -1700 | Group work Participants have information for preparing feasibility study




DAY 3

R | N

Time \ Session name \ Session outcomes
0930-1000 | Preparation for Feasibility study
1000 — 1100 | Presentation on Feasibility study Participants have experience of a feasibility study
‘ Participants understand the concept and characteristics of sludge

0 Treatment concept — Sludge drying (Planted and : : :
1100 - 1130 unplanted drying beds) g;\ggg using planted and unplanted drying
1130 — 1145 | Tea break

0 4 , Participants carry out preliminary design of the treatment module —
1145= 12151 {Besignofsilidgedrying bed Sludge drying and planted sludge drying bed
1215 - 1300 | Treatment concept — Effluent treatment tli’ri;té%peanr]tts can list and understand the components of effluent
1300 - 1400 | Lunch break

0 : Participants can put together modules for treatment of faecal sludge to
1400 — 1500 | Design of a treatment system achieve the desired objective
1500 — 1530 O&M of Treatment technalogies — sludge drying beds, | Participants are aware of th various O&M requirements of the technal-

planted drying beds and Effluent treatment ogy options discussed during the training.
1530 — 1545 | Tea break
»  Participants know the various components that must be included
] inan FSTP DPR
(RRSER O (e eSSl S DR »  Participants posses a framework for assessing an FSTP DPR
prepared by external consultant
1630 — 1700 | Debriefing To assess the learning of the participants
1700 - 1715 | Feedback Participants can share their learning experience
e e e L ‘ T——m———e T
| ‘\'q.'u,‘:‘% Y e = e i ——— .




da

o




> Day 1 - Session 1

Introduction

and need for
FSM

This Technical Brief introduces the importance and global need for
faecal sludge management to realize public health, environmental,
social, and economic benefits.

Great efforts are being made globally to reduce open defecation by
building on-site sanitation technologies, like pit latrines and septic
tanks. Yet, emptying full on-site sanitation technologies and safely
managing the faecal sludge is an essential service that is often
neglected. Households and institutions are lacking the knowledge,
skills and services to manage the faecal sludge once the technology
is full.

2.7 billion people around the world use on-site sanitation technologies
that need faecal sludge management services (Strande, Ronteltap
& Brdjanovic, 2014). Ideally, on-site sanitation technologies should
be emptied in a safe and hygienic manner by well-equipped and
protected workers who transport the sludge for treatment, use or
disposal. However, in reality, most technologies are either abandoned
or emptied using unsafe and unhygienic methods. Sludge is simply
dumped by the home, in the street, or in nearby water sources.

» Participants can list the stakeholders
involved in FSM
» Participants understand the concept
Session 1 and need for FSM
» Participants remember shit flow
diagram (SFD) as a tool for assessing

sanitation
Outcomes




DAY 1

Objectives of

the session

SESSION 1: INTRODUCTION AND NEED FOR FSM

Goals of sanitation

Sanitation value chain and the issues occurring
across it

Shit flow diagram

Role of FSM within sanitation

Financial estimates for centralised v/s FSM system
Stakeholders in FSM

Slide 2

What happens to the

wastewater generated
from households in
your respective towns?

Wastewater is water that has been used for various
human  consumption  (domestic,  agricultural,
commercial or industrial) purposes.

Wastewater generated from households is also called
domestic wastewater. It should ideally go into a piped
conveyance system or into a containment system

Slide 3
Domestic wastewater

Black water?

Grey water?

Phanmsceuticals, Honmanas

Black wates

Grey wter
R water
Personal Care Products, Sosps

Domestic wastewater mainly constitutes of black
water and grey water.

Black water comprises of source-separated
wastewater from toilets, containing faeces, urine and
flushing water (and eventually anal cleansing water in
“washing” communities).

Grey water comprises of source-separated wastewater
from the kitchen, bath and/or laundry, which generally
does not contain significant concentrations of excreta
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Slide 4 Slide 5

-

CURRENT SITUATION

Open defecation is practiced by 49.8 percent of the
population in India. This is a matter of great concern
from environment, public health and safety.

Typically the sanitation situation in India is grim. The
toilets are broken or in unusable condition. Lack of

proper maintenance is the key reason for this situation.
Laying conventional sewer system over a larger

area is expensive. These systems also require high
maintenance. The high cost of maintenance and
replacement makes unrepaired sewer pipes a common
site in countries like India.



DAY 1 SESSION 1: INTRODUCTION AND NEED FOR FSM

Slide 9

One of the manifestations of lack of solid and liquid Lack of liquid waste treatment facilities has resulted in
waste management is in the form of polluted storm indiscriminate disposal of sludge collected from on-site
water drain channels. These drains were originally sanitation systems such as septic tanks and pits into
supposed to carry storm water (rain water). Most of open area. This in effect negates the environmental
them have transformed into gutters carrying domestic benefits coming from using toilets as the waste is still
wastewater and solid waste resulting in choking of the getting dumped directly into the environment.

drains and reduction of the overall carrying capacity of
the drains. As a result when rain water pours into these
drains, these drains overflow into the streets thereby
posing a public health hazard. Slide 11

Policy Goals of Sanitation

One gram of facas

) 1. Public Health : Especially Children 5 “":;m
Slide 10 2. Environment : Especially lakes 10, Lae

in India, = e 3. Convenience : Visual and smell HW';"B

535 million pecple 1000 children die . H

g s R pestiedsuartaleh 4, Safety . Especially for women | 250 enigren die

resoet 1o unsate open defecation practices eery duy in Indin

el ey sy = Toilet (without treatment) addresses successfully the

A RIS last twio problems but unintentionally increases the first

Bxcramant ane opanly Suer Mom GEaass twu

dischargad, svery day caused by opan

Ehmeai + Sanitation problem doesn't end, but starts after building

i —— toilets + (urbanization)
10,000,000 viuses

1,000,000 bacteria

Proof of tollet alone Increasing the sanitation problem

Children In househaolds with poor F5M had 3.78-10 times higher
prevalence of diseases [(enteric infection) when compared with

children in other hauseholds, «von those wilthaut torlets, CMC | There are four major goals of sanitation:
o Saurces. Word Health =  Public health: bringing down prevalence of diseases
Orpanization, UNICEF, > =
Unibed Matins caused by lack of sanitation
= Environment: prevent or contain the contamination
Poor sanitation facilities results in human excreta of water, soil and air
directly disposed into the environment. This leads to » Convenience: easy and convenient to use
contamination of water and soil which in turn takes a » Safety: shouldn't expose the user to any caused by
heavy toll on the health of people, especially children, animals or humans
who are more susceptible to diseases due to weak The toilets without adequate management of waste
immune system. coming out of it address only the issues of convenience

and safety leaving the first two unaddressed.
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Slide 12 Slide 13
India 2011

Sanitation Value Chain

s A T1LTH 1% AW

T —

The 2011 Census suggests that 93.3% of the human The sanitation value chain is a diagrammatic
excreta generated in India are ending into the representation of the movement of faeces from
environment. With the reduction in open defecation generation to disposal. It has six components:

due to the government-led toilet building initiatives, = Userinterface

the amount of excreta disposed into the environment = (Collection & storage

right after defecation will reduce. However, due to = Conveyance

inadequate facilities for treatment of the excreta, the = Treatment

excreta will continue to end up into the environment = Reuse

untreated. = Disposal

In the first two stages where the mason could play an
important role in the sanitation value chain.

Slide 14 . : .
User interface comprises of the toilet superstructure.

Toilet (user interface) There are 4 common types of user interfaces:

= Pour flush toilets: these are toilets in which the
faeces and/ or urine is flushed by pouring down
water manually, usually with a bucket

» Cistern flush toilets: these are toilets in which the
faeces and/ or urine flush by pressing down a flush
lever attached to a cistern to release water

» Pedestal type toilet: these toilets allows the user
to sit and use the toilet

» Urine diversion toilets: these toilets have separate
slots for urine, faeces and anal cleansing there
by allowing the sterile urine to be separated at
source from faeces. The separately collected urine
can directly be used in agriculture after dilution in
water in 1:20 urine: water ratio.
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Slide 15

Containment

* v
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Containment or collection & storage comprises of the
containment system. There are 4 common types of
containment system:

= Soak pit: these are the simplest form of
containment unit in which the solids of the faecal
matter is contained in the pit and the liquid is
allowed to be absorbed into the soil in a controlled
manner through the gaps in the containment
structure. It is ideal for areas with moderate to low
water table; i.e. the bottom of the pit should be at
least at 1.5 metres in all the seasons.

= Twin pits: these are containment units which also
act as simple treatment units. Two soak pits are
constructed and only one is used at a time. Once
the first pit fills up, the pit is closed and the faecal
matter is allowed to decompose. Meanwhile the
second pitis used to contain the fresh faecal matter.
The pits are constructed in adequate size so that
by the time the second pit fills up; the matter in
the first pit is completely decomposed and is safe
to be applied in agriculture. The first pit can then
be emptied and used, while the second pit remains
closed for the faecal matter to decompose. This
type of system can be used in areas where soak
pits can be used.

» Septic tanks: these are 2 chamber water-tight
containment units which are designed to both
contain the solids and treat it to some extent due to
the movement within the tank from one chamber
to another. The effluent (liquid part) is ideally let
outinto a soak pit filled with a filter media allowing
the water to get absorbed in a controlled manner.
These are ideal for high water table conditions.

» Holding tank: these are single chambered water
tight tanks which hold both the solid and liquid part,
thereby requiring frequent cleaning (desludging).

SESSION 1: INTRODUCTION AND NEED FOR FSM

Slide 16

Transportation

Conveyance is usually done by vehicle mounted
cesspool trucks (also called honey suckers) transporting
the sludge from the containment unit for treatment or
disposal.

In case of sewered system, the waste is directly

collected from the user interface and conveyed to the
treatment plant using sewer lines.

Slide 17

Treatment

Faeces is treated in treatment plant which are
centralized (catering to an entire town) and
decentralized (catering to small pockets within the
town, closer to the source of generation) in nature.
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Slide 18

osal & Reuse

After treatment, the bio-solids can be used as soil
conditioner while the effluent can be used for irrigation,
landscaping or let into water bodies after meeting
required discharge standards.

Reuse ensures resource recovery. It plays a great role
in ensuring economic viability of the system by sale of
the reuse products and environmental sustainability
by ensuring that the resources are returned to the
environment in the most beneficial way.

Slide 20
What is Faecal Sludge?

It is raw, partially digested semi-solid slurry that has
been contained over a period of time, the source of
which is human excreta or black water.

It is the sludge (raw or partially digested semi solid
slurry) formed from faecal matter after being contained
in a containment unit over a period of time. For more
information refer to (Technical Brief: What is faecal
sludge?)

SESSION 1: INTRODUCTION AND NEED FOR FSM

Slide 19
What is FSM?
Der4ing fanhation DEChnokegy Fatnt el Shuaiipss Pluaepivasiit
User o bt l:o-‘l-t-: o wnd Traatrrsiil L or Dinponal

intertace
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Faecal sludge management is a syslems approach towards building a
sustainable and environmentally safe infrastructure for all componeants
across the sanitation valuee chain of non networked househaolds.

The above discussed process of managing the flow of
faeces from the source of generation to reuse and/
or disposal is called faecal sludge management. It
involves building infrastructure and coordinating with
institutions and stakeholders involved in providing
sustainable sanitation in non-sewered areas.

For more information refer to (Technical Brief:
Introduction to Faecal Sludge Management)

Slide 21
Faecal Sludge and Septage

Solid or seltled contents of pit
lafrines and septic tanks. Differs
from household 1o household, from
city to city and country to country

Fawcal Sludge

=

Septage
Settied solid matler in a semi-solid condition al
the bolkarm of septic tank; misture of selids and F"""‘hl 'i“m.i f""“l

water with offensive oder

Faecal sludge is any faeces generated sludge contained
in a containment unit over a period of time. Itis a broad
term referring to the sludge generated in any kind of
containment unit.

Septage is a subset within faecal sludge specifically
referring to the sludge generated from a septic.
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Slide 22 Slide 23
Budget for wastewater
Description Total Budget Wastewater
usD INR %  INR/capita
AMRUT | BEIB| 41B 3% 10
State and City | 0208 13B 100% 10
Smarl Gity 0508 32B| 25% 3
Mational River Conser | 0.068 4B 50% _
SPM Rurban Mission | 004 B | 3B | 30% | 1
Mamami Gange | 035B| 23B BO% 10

Toilets without proper collectionftreatment system
will INCREASE sanitation problem

As discussed earlier, building toilet alone without the

adequate FSM still leads to environmental and public
health issues.

Slide 24

Cost and budget for sewer system

Cost Budget per
year

On the other hand, Rs 20000 per capita is required
to build sewer lines for the whole population. Since
sufficient funds are not available in order to build
sewer systems, there is a need for an economically
viable alternative.

External Assistance | 3.38B| 2208 5% 8

Taking into account all the available sources of funds
for wastewater, only Rs 46 is allocated per capita.

Slide 25
Goals of FSM

To ensure fascal
To ensure all feaces is ~ sludge is collected

colected afoly and

~ scientifical

The goals of FSM are to ensure that all the components
i.e. containment, conveyance, treatment and reuse
is carried out with the greatest possible efficiency
thereby ensuring environmental sustainability and
economic viability.
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Slide 26 Slide 27
Stakeholders Stakeholder Mapping
o coon = ol
2 mmmmt mpom

= Trafic police = Pollution control

+ Individual HH
+  Public/community
foile! operators
+ Hon residential units
At least 15 Different stakeholders
In case of sewered sanitation, the sewers, treatment FSM involves variety of stakeholders in the form
facility and disposal mechanism acts as a single entity of users, masons, cesspool operators, treatment
working closely with each other. Usually, all three are plant operator, consumers of end products (such as
managed by one single agency. farmers) and the overall governance and institutional
mechanism (ULB, pollution control board etc.) within
FSM, on the other hand, involves multiple stakeholders which the system will function.
each managing one component of the value chain.
Slide 29

Slide 28 India 2025

What is the key Learning?

With the current rate, the problem of unsafe sanitation
will not be solved even in 2025.
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Slide 30
Economic comparison — Case of Trichy

— —_—

All costs are per capita

Life cycle cost of conveyance | Rs. 1505
and Ireatrnent of Faecal

Shige The case of Trichy shows that FSM and greywater
.i. management together proves to be a low-cost
sewerage and TP

alternative to sewerage. For more details refer
Conveyance &8 % of | 56% . .
ite cycle cost B i cout o ntweter | B 47T0 Economics Comparison (Praveen, 2017).
gt s Lo S

e

Rs.13965 >  Rs.6205
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The process leaders who are designated
with the responsibility for planning and
implementing a city- wide faecal sludge
management (FSM) system often face a
complicated situation, characterised by
diverse levels of service and a patchwork
of uncoordinated and independent
stakeholders managing various activities.
FSM planning aims to transform
such a complex situation into a well-
organised and coordinated management
framework, which is usually initially
expressed in the form of a city sanitation
plan or citywide sanitation strategy and
later translated into action plans and
concrete implementation. This is no easy
task as stakeholders have different and
even conflicting interests, needs and
constraints.

However, it is a crucial task, as urban
sanitation planning is the key to sound
investment and clear action plans greatly
assist in sourcing funding. If donor
money is being sought, a detailed plan
with a clear strategy will be necessary.
The problem with wurban sanitation
is not only a lack of investment, but
also the lack of a plan. FSM planning is

Day 1

Outcomes

about understanding and matching
stakeholders’ interests, needs and
constraints with an appropriate and
accepted management scheme and
financial mechanisms.

Experience in FSM shows that every
solution should be context-specific
and integrated. Moreover, experience
in Asia demonstrates that any number
of approaches can be successful when
implemented in conjunction with a
comprehensive legal and regulatory
framework, clear delineation and
appropriate delegation of roles and
responsibilities, and dedicated public
funding.

In the past, many water and sanitation
projects have failed because of the
lack of an integrated approach. The
development of physical infrastructure
is only one component of a functioning
FSM program, which also depends
upon  sustained  public  sector
commitment and funding, effective
policies, appropriate implementation
and compliance enforcement.

Participants will understand the
components of FSM

Participants have an understanding of
the problems in FSM implementation
and also have an idea about tentative
solutions to overcome these

problems
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O bj e ct i "e S Of Familiarise the participants with various compo-

nents of an enabling environment.
Introduction to mechanisms to create an enabling

the session

Slide 2 Slide 3

Who can do what?

What should the state government do?

What should the ULB do?
INETITUTIOMAL

The enabling environment for FSM constitutes the The first step towards FSM in a town is how the
following: work is to be distributed. This involves:
» Physical facilities: the existing and upcoming = Determining the role of each stakeholder will play

infrastructure = Determiningthe extentof governmentinvolvement
» Awareness levels among the stakeholders for ensuring the efficiency of the system.
» Existing regulatory mechanism and gaps in the

same
» Existing institutional mechanism and gaps in the

same

» Capacity building: existing level of training and
gaps in the same

» Financial resources available and potential sources
of finance

» Management: the existing system of coordination
among various stakeholder in the value chain
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Slide 4
Bucket List for the State

+ Catchment

+ Effluent Quality Standards

+ Operational Safety Guidelines & S0OPs

+ Reuse Produce Standards & Certification

+ Design/Construction Standards for Containment Uinits

The bucket list for state includes all the regulatory and
institutional mechanisms at state level which can be
uniformly applied across the state in order to monitor
the efficiency and compliance of FSM components.

Slide 6
Effluent Quality Standards

« Target for treatment

+ Assess the environmental threats the effluents can
post

= Prepare standards that are relevant locally and
acceptable globally

The effluent quality standards should be aimed at
keeping the threat to environment posed by the
effluent at the minimal. The standards should be
designed depending on the local conditions and the
possible reuse options

SESSION 2: FAECAL SLUDGE MANAGEMENT OVERVIEW

Slide 5
Catchment

+ Usual calchment = administrative boundaries

+ In the case of closely situated towns, a cluster
approach can be encouraged with ane plant serving all
the surrounding towns

+ To adopt a cluster approach city level rules must be
made homogenous & financing needs to be planned in
detailed

Catchment is a mechanism used by the bodies
implementing FSM to set the boundary for the FSM
activities.

The catchment can be limited to one town or multiple
towns if the towns are located close to each other. This
approach of clustering multiple urban local bodies is
called cluster approach, which is beneficial in terms of
economic considerations.

Slide 7
Operational Safety Guidelines

& SOPs

+ FSTPs are will have different operating principles and
risks compared to other treatment plants

+ Hence new safety guidelines needs to be put in place
and strictly followed

+ Standard Operating Procedures also needs to be kept
in place with respect to desludging as well as FSTP
management in addition to the technology specific
plant 30Ps

Operational safety guidelines and SOPs are needed
in order to ensure that standards are maintained in
order to ensure the safety of those performing FSM
operations (such as the cesspool and treatment plant
operators) and those living around it.
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Slide 8

Recycling - Produce Standards &
Certification

Depending on the design, the reject from the FSTP
can be put to use

= Eg:- manure, pellets

However standards needs to be put in place to ensure
the produce is fit for further use

CQuality Control must be made mandatory

Certification can be considered if there are many
plants simultaneously producing recyclable materials

Along with the effluent standards, the quality standards
of the by-products i.e. the bio-solids should be in place
in order to ensure safe re-use.

Slide 10

TIGmMmOoom>

Bucket List for the city

Quality Assurance of Containment Systems
Truck Authorisation

Desludging Frequency

Truck Monitoring

Treatment Monitoring

Pricing Scheme

. Cost Recovery Model

Complaint Redressal System
Behavioural Change & IEC

The bucket list for city includes all the regulatory

and i

nstitutional mechanisms at city level which are

customized to meet the local needs for FSM.

Slide 9
Design/Construction Standards for

Construction of

Containment Units

Standard drawings and detailing of design &
construction of septic tanks, pits, efc.

Standardize

» Sizing

+ System components

« Construction materials and process

containment units should be

standardized in order to avoid unintentional leakages
from them.

Slide 11

Definition

Options
1.

A. Quality Assurance of Containment Systems

Ensuring quality of construction

Include a checklist for containment
systemns as a part of building
PEMISSIon process

Block existing black water outlets to
drains

Provide for subsidies for
refurbishments of containment
systems

I
L
-
o o

Standardization of containment units will aim at making
the containment units accessible for desludging and to
avoid any unintentional leakages into the environment.
Each town has to create its own checklist for building
containment systems as per local topographical,
physical conditions (soil type and water table etc.)
and land available to households of different income
segments etc.



DAY 1

Slide 12
B. Truck Authorisation

Definition
+ To ensure only trucks of cerfain service
quality operates in the city

Options

1. Municipality owns & runs the truck
directly

2. Municipality cutsources the work to
one contractor

3. Municipality to issue licences to

operators who satisfies the selection
criteria & S0OPs

Truck authorization is a means to ensure that the faecal
sludge conveyance service provided by trucks (both
government and private) meet the standards which
ensures that the desludging operation from collection
to disposal is performed in @ manner which is safe to
the workers performing it and the environment.

Slide 14
D. Truck Monitoring

Definition

+To ensure the trucks deliver their service
and dispose the faecal sludge at the plant
Options

1.Manual - Signature sheets at every
interface

2.Paper based = Coupons system =
Trucks have to collect coupons at every
interface

3.GPS based — Realtime tracking of trucks
on its routing & timing

Truck monitoring is one of the most essential
components to ensure compliance to the standards
with desludging standards.

SESSION 2: FAECAL SLUDGE MANAGEMENT OVERVIEW

Slide 13
C. Desludging Frequency
[ e
Definition =
+To ensure desludging of all the ; -zf&- -
containment units happen at proper =
intervals — —
Options

1. Scheduled system = needs routing plan
& communication to the residents
2.0n-demand - Help-desk to attend the
calls

Frequent desludging is important in order to ensure

that the desludging operations are carried out with

ease.

Desludging frequency is determined by the following

factors:

= Size and time taken by the containment unit to get
filled up

= Number of cesspool vehicles available

= Plant capacity

Depending on the above factors a ULB can decide

whether to schedule a desludging system by ensuring

that all containment units get desludged at regular

intervals, or cater to on-demand desludging by

requiring the request to be routed through a call center

or help-desk.

Slide 15

E. Treatment Monitoring

Definition
» To ensure the FSTP is werking at its
optimal efficacy

Options

1. Record keeping at the FSTP by the
operator/manager

2. Third party assessment on a regular
basis

3. Online monitoring with sensors

Truck monitoring is one of the most essential
component to ensure compliance to the standards
with desludging standards.
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Slide 16

F. Pricing Scheme

Definition

*To ensure desluding services are priced in
a%udiciqur manner for all citizens the

pr clng must include the charges for
desludging & O&M of the FSTP

Options

1. Price dependent on the volume of the
truck filled = paid to the truck operator

2. Price dependent on the building footprint
- decided by & paid at the municipality

3. Price dependent on the distance from
FSTP = paid to the truck operator

4. Dynamic pricing fixed upen mutual
agreements of the operator & customer —
paid to the truck operator

Setting pricing mechanism ensures that the desludging
services and O&M of the FSTP are financially viable
and judicious to all the stakeholders.

Slide 18
H. Complaint Redressal System

Definition
+ To ensure the customer feedbacks are

recorded and acted upon by the
relevant authorities

Options

1. Direct interaction

2. Petitions/paper

3. Phonefonline systems

I
-
o o

Complaint redressal mechanism is to record the

feedback of the consumers and ensure that the issues

are addressed at the earliest. Complaint redressal

system is usually of three types:

» Directinteraction: By direct face to face interaction
with the service provider

» Petition / paper: putting down the complaints, the
redressal procedure and results on document

» Phone/ online: Recording the complaints, the
redressal procedure and result via electronic
means

SESSION 2: FAECAL SLUDGE MANAGEMENT OVERVIEW

Slide 17

G. Cost Recovery / Business
Model

Definition

+ To ensure the O&M expenses (andior
capital expenses) is retrieved from
various stakeholders

Options

1. Sale of byproducts

2. Tipping fees from trucks

3. Advertisements on site/FSTP

4. Water/Property Tax integration

For any kind of FSM to be financially viable, it is
important that the system is designed with view of
recovering the cost incurred. Sale of by-products is the
best option to recover cost. The advertisements on site
can be an option if the site is located on a prominent
site.

Slide 19
|. Behavioural Change & |IEC

o TN
Definition .\ ]
+To ensure that the various stakeholders I' y E'-E_I!I!i'
understand and respond o the [ z
interventions

Options

1.Trainings for = maintenance staff,
desludging, FSTP operators
2.Training for Masons on construction

3. Workshops on Menstrual Health &
Hygiene

Behaviour change and IEC are key components in
FSM intervention which ensure that the stakeholders
involved are adequately informed and equipped to play
their roles.
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Case Scenario

Two years ago Sheetalpur town (pop: 40,000 census 2011) in Uttar Pradesh built a bright and shiny Fecal Sludge Treatment
Plant with help from DEE Society and UPJN. The plant was inaugurated with a lot of fanfare and speeches were made. Now,
however, many problems are occurring,.

The commissioner of Sheetalpur is worried. Truck operators are upset; sludge is being dumped in the lakes. They have
formed an association and are asking for a meeting. She has called for a meeting with all the stakeholders.

With your experience in FSM, and as a representative of the Urban Local body, you have been invited to attend the meeting
and give advisory inputs to the city to make policy decisions. The meeting starts!

Commissioner: Thank you all for coming for the meeting! We understand the condition of our lakes are getting worse and
one of the reasons for it is the dumping of faecal sludge into open fields and nalas without considering its consequences.
During the last 2 years with the help of UPJN we have set up this Faecal Sludge Treatment Plant. We want to make a new
rule that no sludge falls into the environment without treatment! We will install GPS on all your trucks.

Truck Operator: The new law is threatening our daily earnings. The FSTP is at one corner of the city and it takes a lot of our
diesel and we will lose whatever small earnings that we get in this business. There are more and more operators coming
up and with such competition we can't increase the prices. Also there are many houses where we are sure that desludging
is not happened in the last 6-8 years. We need the laws to support and ensure us proper business before penalizing us.

Health Officer: Our safai karmacharis have informed us that at many locations truck operators are not providing timely
service. They promise to come but do not show up.

Suddenly another person enters the meeting room and asks to speak, he is operating the FSTP:

FSTP Operator: On some days we receive less than 5 loads but on others we get calls from more than 35 trucks. No plant
can deal with this variation, | cannot operate this plant, please take back my contract!!

Please advise your friend the Commissioner. What will you do?

Make a list of 2-3 points which can be developed as regulatory or institutional changes which will be able to solve the FS
crisis in the city in a holistic manner.
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Case
Studies

Case studies hold prime importance as
they provide excellent learnings and helps
us understand the operational difficulties
while constructing and running an FSTP.

This section provides the case study of
Devanahalli along with the treatment

concept, the efficiency of the treatment
plant and the lessons learnt from it.

Session 3

Outcomes

Participants will understand the
components of FSM

Participants have an understanding of
the problems in FSM implementation
and also have an idea about tentative
solutions to overcome these
problems
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O bj e Ct i "e S Of Case study on FSM at Devanahalli, Leh, Unnao and

Senegal
Explanation of 3 types of sludge treatment methods

the session

Slide 2 Slide 3
Devanahalli case Key Learning

+ Faecal sludge treatment plant can be beautiful and in
your backyard|

+ Faecal sludge changes perception of a town and
associated people — Change is evident

+ FSM is a solution for small towns!

This video highlights the steps taken at Devanahalli at Devanhalli FSTP is the first of its kind treatment plant
each segment of the value chain to create an efficient which has been designed to be aesthetically appealing.
FSM system. This included: It aimed at changing the perception of nuisance and
» Assessment of the town: Survey of containment disgust associated with treatment plant. The FSM
units, cesspool operators and existing disposal component focusses on making the stakeholders an
practices integral part of the process. This is an ideal case for
» Land allocation FSM implementation in small towns.
» Create regulatory environment- Regulations,
licensing and monitoring of trucks, operation and For more details refer Faecal Sludge Management,
maintenance procedures Devanahalli: A case study (Dash, 2017)

» Financial model: low cost FSTP with low cost
maintenance

» Community engagement: capacity building of
farmers using compost derived from sludge as soil
conditioner and awareness program for the larger
community
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nlegrated Faecal sludge managemeant

LEH, LADAKH

Leh is one of the highest FSTPs ever built. Built at
more than 12000 feet in very cold and dry climatic
conditions, it presents a unique case of sanitation in
regions where FSM activities can take place for only
few months in a year.

Slide 6
Key Terms

+ Five year contract—then open tender for O&M services

« BWC operates FSTP. Water and compost used in public
park

« Robust records management and documentation for MC
+ MC will give 2 suction trucks to BWC to operate

« Deploy GPS tracking and sensors to monitor Truck
activities

The truck operations and the O&M of the FSTP have
been outsourced to a private company. It will also
provide documentation of all the operations to the
Municipality. At the same time, the private company
will make available treated effluent and compost from
the plant to be used for landscaping of public parks in
the town.

SESSION 3: CASE STUDIES

Slide 5
Sanitation in Leh

« Traditional dry toilets--ecofriendly
« New flush toilets use septic tanks
+ Protecting underground water and rivers is critical

+ Sewerage system for 50% of city under construction
{Rs 80Cr+)

+ FSM covers remaining areas

Traditionally, the toilets in Leh were dry toilets which
are suited for the climatic conditions and sparse
population of the place. With increase in population
due to tourism activities and defense forces activities,
the new toilets constructed are usually flush toilets
with septic tanks. This has resulted in increased FS
generation. This increase in FS generation without
adequate facilities for treatment poses a threat to the
environment in general, especially to the drainages
basins of 3 major rivers: Indus, Shyok and Nubra.
Therefore, improvements of sanitation at Leh are
essential to protection of these water resources from
contamination.

Presently, there is a sewerage system under
construction for 50% of the city. For the rest of areas
FSM provides an alternate solution.
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Slide 7
FSTP Description

Parameters :Spenﬂk:atlnns

Capacily 12 miday

Area 24 mé
Gravity based asrobe
Technology stabilization using Planted
Drying Beds
Struciure Civil construction

Capital Cosl Rs 54 Lakhs
D&M Cost Rs 10 Lakhs per year
Operating Life 30+ years

The treatment plant is based on a very simple
technology of planted drying bed in which sludge is
treated using evapotranspiration from plants, which
are planted on the sludge drying bed.

The per capita capital cost of Leh FSTP comes to less
than Rs 350 (considering only half of a town population
of 30870). The per capita operation cost is less than
Rs 65. With an operating life of more than 30 years,
this treatment plant is an example of low cost enduring
system.

Slide 9
Master Layout of FSTP
= Road for
I.«"Em_ Truck
e y
Planted Drying ,¢C|

Beds (10) D@ Yz
\Pﬂl'ﬁhing
Pend (1)
’ Horizontal Planted

Gravel Filters (2)
] Space for Mursery

and expansion

Master layout highlighting the different treatment
modules.
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Slide 8
Schematics of FSTP
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»  Sludge stabilization in Planted drying beds
= Percolate treated in Horizontal Planted Gravel Filter
followed by Polishing Pond

Faecal sludge is discharged into screen and grit
chamber, where materials such as plastics, paper,
fabric, soil and silt are removed using bar screen and
gravity settling. The screened sludge is disposed into
planted drying bed, which is filled with sand and gravel
to support vegetation and to act as a filter media. The
filtrate or effluent flows down through the media and
is collected in drains, while the solids remains on the
filter surface and is dewatered through percolation and
evapotranspiration. The main advantage of the planted
drying bed is that the filters do not need to be de-
sludged after each drying cycle. Therefore, fresh sludge
can be directly applied over the previous layer with
interval between subsequent applications. The plants
and their root systems maintain the porosity of the
filter and hence the beds require de-sludging only once
every 2-3 vyears. The end product from drying bed is
the bio-solids, which is stabilized and rich in nutrients,
which can be used directly as a soil conditioner or co-
composted with municipal organic waste to produce
compost.

The percolate collected from the bottom of the drying
bed is treated through a planted gravel filter followed
by a polishing pond.
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Inlegrated Faecal sludge managemeant

UNNAO, UP

Slide 12
Current FSM Scenario

83.3% O7.3% septic  Soptic tanks: 2-45 cum BT % of septic tanks
Tkl covarape tank: 2.7% Pits: 1-5.6 cum ':1*:‘{:": battom;
. . ve waler
Pt Average: T-B cum tghd vy *

70N

2 ULB desludging trucks
T9% of seplic Disposal in outskin
tanks han outhel 1 private irucks of tewn in Earmiand
conneded to naore than 40 ek and natural drain;
open drains loads a month® o redse

“Thala Fowm Savry one By COO

Due to the high water table, most of the containment
units in the town are water tight septic tanks. In case
of septic tanks, in 79% cases the effluent is let out into
drains directly. When desludged, the faecal sludge is
directly disposed of into the environment.
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Town Profile
Haad rgns of O e banks of river
Unn-qnﬂlnr:n 21 5q. Km. area Garge

»ow A‘ E
Total number of
TTT ;OFEB;;T ng:mu 1/29 ward have
Ryt Ky 33.2?3. USEH nebwork
M el il

Unnao is a town located on the banks of river Ganga
in Uttar Pradesh. Underground drainage system covers
only 1 out of the 29 wards in the town.

Slide 13
Faecal Sludge Treatment

@ 32 cumDay capacily e ™I e |
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MASTER PLAN

A 32 cum capacity FSTP is proposed for the town to
take care of the faecal sludge generated. It will serve
half of the town. The per capita cost of the capex of the
FSTP comes to Rs 412 while the O&M cost comes to
Rs 26.
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Slide 14

Treatment Concept
o —

Faecal sludge is discharged into screen and grit
chamber, where materials such as plastics, paper,
fabric, soil and silt and grit are removed using bar
screen and grit chamber. The sludge then moves to
a stabilization reactor where the organic matter in
the sludge decomposes. The solid components from
there, moves to the unplanted sludge drying bed which
dewaters the sludge. The unplanted drying bed is
filled with filter material, usually gravel at the bottom
and sand on top. The bottom of the bed is lined and
sloped with perforated pipes to drain away the liquid
(called effluent or leachate). The liquid component
from stabilization reactor and the effluent from the
sludge drying beds are treated in an integrated settler
and anaerobic filter. The effluents then moves to the
vertical planted gravel filter (VPGF) where the plants
take up the nutrients in the effluent and release
oxygen into the water. The effluent from the PGF then
moves to the collection tank for tertiary and final stage
of treatment by exposure to UV rays from sunlight and
sand & carbon filter which removes traces of odour,
colour and turbidity.

SESSION 3: CASE STUDIES
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Reuse of by-products
Dry sludge can be co- Treated water can be
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Though there are a number of reuse options for by
products and the end products of an FSTP, the most
popular one is the agriculture reuse in which the bio-
solids are co-composted with wet waste and used as
a soil conditioner while the treated effluent is used for
landscaping.

Slide 16

SENEGAL

References

Dash, I. (2017). Faecal Sludge Management, Devanahalli : A
case study. Bengaluru: CDD Society.

The video explains the treatment process of the Janicki
Omni Processor. This is a treatment plant for faecal
sludge which converts raw sludge into energy, water
and ash as output.
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Collection and
Conveyance of
Faecal Sludge

Collection mechanisms if not estimated

properly for its demand and technical
viability, could lead to resorting to manual
scavenging at a few instances. One
technology for collection and conveyance
cannot satisfy the diverse needs of the
city. It is hence required that various
options be considered and implemented
as per the efficacy of the ULB or private

party.

Session 4

Outcomes

This session provides few guidelines
for the collection mechanism and
conveyance mechanism for a safe and
effective operation.

Participants are aware of various
options for collection and conveyance
of faecal sludge

Participants are able to estimate the
number of trucks for their town/city.
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Objectives of

the session

SESSION 4: COLLECTION AND CONVEYANCE OF FAECAL SLUDGE

Familiarize the technology options and equipments
used in desludging
Planning for collection and transportation options

Slide 2

Manual scavenging is the key problem when it comes
to the collection and desludging of the containment
systems. Even though it is out lawed, the practice
continues due to the fact that a large number of
containment systems are notaccessible by mechanized
cesspool vehicles.

If gravely affects the health and well-being of workers
cleaning the containment system without protective
equipment.

Also, since these systems are inaccessible, they are not
desludged for long period of time resulting in leakages
into the environment.

For more information refer to (Technical Brief:
Sanitation Systems: Faecal Sludge Treatment)

Slide 3

« Are all areas accessible?
* What is the cost of desludging?
Can all afford it? How can we bring
the cost down?
« |s the current method a safe
operating practice?

In order to effectively eliminate the need for manual
scavenging the questions given in the slide needs to be
thought upon.
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Given the current scenario where a number of the Containment systems along smaller road which can be
containment systems are inaccessible by mechanized accessed by smaller vehicles can be desludged using
vehicles, safe forms of semi-manual procedures can smaller mechanized equipments as shown in the slide.

be considered. These equipments are usually small
and can be carried easily by one person thereby giving
access to the narrow lanes, which are inaccessible by

the vehicles. If operated using adequate protective Slide 7

gear, these equipments can solve a large number of Collection & Conveyance
issues related to desludging. e
For details refer to Technical brief: Foand Mdctile Tranles Btion

Sanitation systems: Faecal Sludge Treatment

+ Acos3s o pits bs very limited

= Densaly populated low income
setthemend with pis and limded
road aCoRss

= Pormanent solution § construcied
closer o the commundy whee it
can be aobedsibie by large
VECLLIM tank

= Meeds (0 be operated by
coamamainiky with the suppon of ULB
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Collection & Conveyance
idegriale actess

Large Velwme Transpom for roads wil width
more tham 3 mirs

A sludge transfer station can work along with a
cesspool vehicle by providing the vehicle access to
inaccessible containment units.

Containment systems along larger road which can
be accessed by larger vehicles such as trucks can be
desludged using larger mechanized equipments as
shown in the slide.
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New inventions in collection and transportation To optimise FS Collection and transportation
infrastructure

Wilh the rapid growth in FSM in India, sevesal new imlantions are made
in how FS is collected and transporied. Two such inventions are

+ GPS and GIS tracking of Cesspool trucks

+  Call centre infragiructure for booking Cesspool nscks
e sl 2
P - .
__h?—.___f‘ 2 ¥ @ ﬁ

GPS tracking of Cesspoal rucks
Call center infrastructure

Tracking cesspool vehicles with GPS allows the

authorities to

» preventillegal disposal of sludge

» record feedback from customers on the desludging
services

» use the data collected to optimise the vehicle
routes in order to reduce transportation cost

Slide 10

INSTRUCTIONS

» Scheduling and routing for trucks

+ Customer service protocols

= Proper pumping equipment operation and worker

safety

Site control, including post-pumping clean-up

Transportation requirements, including rules of the road

Disposal procedures at the treatment facility

Routine service of equipment = greasing and oiling,

miner repairs

+ Record keeping for all tanks pumped and wastes
discharged at the disposal facility

FS collection and transportation can be optimized
by putting in place, mechanisms to reduce the
transportation cost; and mechanisms to ensure that
the standard operating procedures are followed while
the desludging operations.

Slide 11
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Planning for collection and conveyance needs
considering the following:

= Sludge generation

= Accessibility to containment systems

» Desludging frequency

References

Technical Brief: Sanitation System: Faecal Sludge Treatment.
(n.d.). Centre for Affordable Water adn Sanitation Technology.
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ESTIMATION OF TRUCKS REQUIRED FOR FS COLLECTION AND TRANSPORTATION

NAME OF THE TOWN:
DISTRICT:
S.no ‘ Particulars ‘ Calculation ‘ Estimates
A Number of households in the town A
Number of households where there is lim-
B : B
ited access
C Remaining households in the town A-B
Average desludging frequency at the
D D
household level
E Volume of each desludging (can be volume E
of containment unit)
F Volume desludged everyday F=(AxE)/(365xD)
G FS volume that is accessible by medium G = (C x E)/(365 x D)
vehicles
H Number of trips per vehicle - medium H
I Capacity of medium vehicles (in Kilo litres) ||
J Number of medium vehicles J=Gx1.2/(Hx1)
K Number of trips per vehicle - small K
L Capacity of small vehicles (in Kilo litres) L
M Number of small vehicles M = (F-G) x 1.3/(L x K)
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> Day 1 - Session5

Approach to
Faecal Sludge
Treatment

It is necessary to understand the
characteristics and  quantities of
faecal sludge from on-site sanitation
technologies, like a pit latrine or septic
tank. This information is essential to plan
and design appropriate faecal sludge
management options.

The first step is to know what faecal
sludge is.

Where does it come from? What is it
made of?

How much is there? Faecal sludge
from one onsite sanitation technology
can be very different than sludge from
another technology. It is highly variable in
consistency, concentration, and quantity.
The characteristics and quantities of
faecal sludge depend on various technical,
operational, and environmental factors.
Characterizing and quantifying faecal
sludge is often overlooked because

Session 5

Outcomes

implementers are not aware of its
importance. As well, faecal sludge
is often still treated like wastewater
despite differences in their
characteristics. With more research
and pilot projects, the sanitation sector
will grow its capacities and knowledge
on this topic. Guidelines or standards
for characterizing and quantifying
faecal sludge will also be developed.

Participants understand the
difference between sewage and
faecal sludge.

Particpants are familiar  with
treatment principles objectives and
outcomes.
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Objectives of

the session

SESSION 5: APPROACH TO FAECAL SLUDGE TREATMENT

Characteristics of faecal sludge
Objectives of treatment
Stages of treatment
Treatment mechanisms

Slide 2
Background
2 a2 G5
— >
Humans excrete 128 g of fresh
—_— feces per person per day

This is the average quantity of human excreta
generated which can vary based on the diet and health
of a person.

For more information refer to (Technical Brief: What is
faecal sludge?)

Slide 3

Background

Feces
E 75 % water 25% solids

'::;l‘«: S

24 = 54 % bacterial mass

2 = 25 %, proteins

28 % carbohydrates

2 =15 % undigested fat,
non-organic solids,

calelum, iren and phosphates,
dried spithelial cells, mucus

The human excreta is usually consists of 75% water
and 25% solids.

For more information refer to (Technical Brief: What is
faecal sludge?)
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Slide 4 Slide 5
Background Wastewater and Faecal Sludge

Faecal sludge is the excreta-derived sludge collected
from containment systems such as pits and septic
tanks.

Slide 6

FS contents

= Water:
+ On average 91-96% of urine is water and 75%
of faesces are water (Rose et, al. 2015)
+ Liquid content in FS is about 97%

= Organic materials:
= 25% of faeces are solid, of which 84-93% is
organic material

« 4-9% urine is dissolved and suspended solids,
of which 65-85% is organic material

* More discussion in later sections

Faecal sludge consists of several contents like: water,
organic matter, nutrients, chemicals and pathogens

For more information refer to (Technical Brief: What is
faecal sludge?)

Wastewater

udge

Faecal Sl

-

Wastewater is different from faecal sludge in terms of
source and characteristics. Fecal sludge comes from an
on-site sanitation technology, whereas wastewater is
transported through a sewered system.

Therefore, the treatmentinfrastructure will be different
for each of them.

Slide 7
FS contents
* Mutrients:

+ Nitrogen (N}, Phospherous (P), Potassium (K)
Mutrients Urine (%] anlit g
Hitragen 88 ] N P

Phospherous &7 33 .
Potassium T2 Fii K
= Pathogens: T ﬁ o
+ Bacteria, viruses, protozoa, helminths ol
= Chemicals: )
+ Heavy metals, hormones and pharmaceuticals;
« Usually not a big concern in FSM t j

Faecal sludge is a rich source of nutrients such as
nitrogen, phosphorous and potassium. But at the same
time they consist of a host of pathogens and at time
chemicals.
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Faecal sludge characteristics

Parsmater Type “A~ strengith  Type “B” low strength  Sowage

Pubdic iodef o
Example buacket latrine Seplage Tropical sewage

shatge

« FSoflow

T ceniaed, | Conesssaten
Charscterisation montiy tregh F5 © Usualy stceed for

. tar g seweral years

orwesks only 1"_“"_’:""'“‘1 that
el

€00 jmgf) 20- 50,000 < 15,000 500 - 2,500
copmoD 18 1 S:1 40 10 =1
AP |-
Nigrogan (mp) wp bo 8,000 = 1000 a0-T0
Total Solids %) = 3% < 3% < 1%
Suspensed Solids
[mget] *30,000 ca. 7000 200 - T00
Slide 9

Faecal sludge characteristics

Characteristics of faecal sludge in selected cilies (EAWAG, 2004)

Parameters Arors Aecrs Dusgadeugon Hangkok Alcanis
i (Ghansh  iG-hans) (Burking Fassy  (Thailamly {Argentina
Pubiic roife ArpRIRe AFpRRE
DipeofF3 shwdpe s . = ey frampel mean rangel
15,350 6,000 = 35,000
s 3
TS (mpL) SS08 12000 19,000 N e ey -
TVE (% af ) .
™ 8 w a1 ™ S0 {VES)
COD (mplL) Bo00 7800 13,500 13m0 1,700
i . {1,300 = 76 B0} .
2,300
;gL 1, 13 TH- 3
B0 (=a L)y [.51] 2] A0 (00— %, %00 (T50 = 608
. 1,100
TH (mp'L) 2,100 0= o 156
L 415
NN impl] 300 350 (1201 201 150

Characteristics of F5 is highly variable!!!

Faecal sludge characteristics are highly variable and
depend on the following characteristics:

= Source and type of containment unit

» Geo-climatic conditions

= Frequency of desludging

For more information refer to (Technical Brief: What is
faecal sludge?)
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The key difference of faecal sludge and wastewater is

as follows:

» Variability: Faecal sludge is highly variable in
consistency, concentration and quantity because
it comes from different types of on-site sanitation
technologies, different uses, different households,
and different management styles. Wastewater is
more homogenous and consistent because it is
mixed as it is transported through the sewers.

= Stability: Wastewater is transported directly from
the home to the wastewater treatment facility
through a sewered system. Whereas faecal
sludge is stored for a certain period of time in a
containment technology (like a latrine pit or septic
tank). Depending on the length of storage, faecal
sludge can be more degraded and stabilized than
wastewater.

Slide 10

Treatment — Objectives

Any treatment method should have at least 3 objectives

in the order of priority:
Pathogen removal: removing of the microbes from
the sludge to make it safe for discharge into the
environment
Organic load reduction: reducing the level of BOD and
CcoD
Reuse: Treating the by-products for reuse and sale so
as to recover the cost incurred in the plant.
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Slide 11
Treatment Mechanisms

* Physical mechanisms
dewatering, drying and volurme reduction
most wadely employed mechanisms
Robust
= [Biological mechanisms
Remaoval and transformation of arganic constituents, nutrients
and pathogens via the activity of microorganisms,
= Chemical mechanisms
Employing additives to optimize and control desired reactions
Mainty used Tor disinfecton and enhanced dewatering

Treatment mechanisms for faecal sludge are broadly
classified into three types:

= Physical

= Biological

= Chemical mechanisms

For more information refer to (Technical Brief:
Sanitation System: Faecal Sludge Treatment)

Slide 13

Filtration

« Common types are :
Unplanted drying beds

* Planted drying beds

» These processes use filter

media to trap solids on the
surface of the filter bed,

while the liquid percolates \?
through the filter bed and is el Iy

collected in a drain. L-

Filtration is one of the most commonly applied physical
treatment process as there are two ways this is done,
namely: Unplanted drying beds and planted drying
beds.

Slide 12

PHYSICAL MECHANISMS

= When water is physically bound to solids, it is difficult
to remove it.

+ Dewatering is based on physical processes such as:
Filtration

+  Gravity Separation
Evaperation and evapotranspiration

= Centrifugaticn
Heat drying

The aim of physical treatment is to separate the solid
and liquid components.

Slide 14
Gravity separation

+ Most commonly employed method of
liguid — solid separation in FSM.

» Separation of suspended particles and
unbound water

Gravity separation is employed for separation of the
heavy solids and the supernatant liquid. Settling-
thickening tank works on this principle.
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Slide 15
Evaporation and Evapotranspiration

* Ewvaporalion - waler is released as vapour

«  Transpiration- plants release water vapour as part of their

metabolic proce
Eway I Ewvar + T

= Dewatering

« In drying beds — filtration + evaporation

* In planted drying beds - evapotranspiration

< Ewvaporalion - influenced by climate, available heat,
moisture content of air and wind speed.

< Rale of evapolranspiration > Rale of evaporation alone

Slide 16
Centrifugation

= Sludge is placed inside the centrifuge
while it rotates at a high speed.

« centrifugal forces accelerate the
sedimentation process

= Solids settle out at the centrifuge walls,
where they are pressed and concentrated

* liguid and solid fractions are then collected
separately

This is a mechanized treatment mechanism where
centrifugal force is applied on the sludge mass which
pushes the solids to side wall and the water is collected
separately. Centrifuge decanter works in this principle.

Evaporation and evapotranspiration is a method
which seeks to separate the solids and liquid by
means of evaporation and transpiration by plants.
Planted drying beds are an example of it. This helps

in dewatering the sludge faster. The time required
for dewatering depends on several factors such as
climate, temperature, humidity and wind speed.

Slide 17
Heat Drying

* The temperature of the sludge is increased
through energy transferred from an external
heat source

+ Heat drying is used to evaporate and dewater
wastewater sludge.

+ achieves both weight and volume reduction

A
(\i "‘w"'""---r"’]@
o = - /]

Rtae)

=

This type of treatment involves application of heat
to the sludge mass. This serves dual purpose of
dewatering and pathogen inactivation. Thermal drying
and LaDePa use this mechanism.

Slide 18

Physical Treatment Options

Few instances of physical treatment mechanisms.
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Biological Mechanisms Metabolism
= For growth - microorganisms need energy and carbon sources.
« Transformation of organic matter and +  Energy can be provided through organic of inorganics in sludge
nutrients. +  The carbon source used for the synthesis of new cells can be

obtained from organic matler or carbon dicxide

+  Essental nutrients for growth include nitrogen, phosphorus,
sulfur, potassium, magnesium, iron and calcium

» Harnesses the metabolism and growth rate of
microorganisms in naturally occurring

processes = Metabolism can be either
« Employs them in controlled situations to . Aerobic
optimize the desired outcomes v Anaerobic
Anoxic
Biological treatment mechanism mainly focus on Metabolism is a process in which microorganism feed
reducing the organic contents of the sludge by means of other substances for energy and growth. This is the
of using activated microorganisms. primary mechanism in biological treatment approach.
Slide 21 Slide 22
Composting Factors affecting Biological mechanism -
Temperature

» Caontrolled process by which biclogical decomposition
of arganic matter occurs

*  The resulting end product is a dark, rich, humus-like
matter that can be used as a scil amendment.

+ Biclogical activity often doubles for every 10°C
increase in temperature within a given growth range
for each crganism.

+ Types of organisms defined depending on their
optimal temperature range :

= psychrophilic {optimal temperature at 15°C or lower),
= mesephilic (optimal temperature 20-45°C),

= thermophilic (optimal temperature 43-80°C) a

*  hyper thermophilic (optimal temperature at B0°C or

greater),
Composting is a controlled process in which the Biological treatment mechanisms are highly sensitive
heat generated in the compost heap inactivates the to the changes in temperature. Bacterial activity occurs
pathogens in the dried sludge. The end product is rich only in certain temperature ranges and therefore the
in nutrients and can be used for agriculture. biological treatment mechanisms need to maintain

the temperature ranges which are ideal for the
microorganisms used in the treatment process.
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Slide 23
CHEMICAL MECHANISMS

* Chemicals can be mixed with FS to
improve the performance of other
physical mechanisms or to inactivate
pathogens and stabilize FS.

+  Alkaline stabilization
+ Coagulation and flocculation
+ Chemical conditioning

Chemical mechanisms include addition of chemical
compound to the sludge which starts a chemical
reaction in order to obtain desired outcomes. The
chemical mechanisms are used both for solid liquid
separation and for removing the microorganism which
remain in the sludge after the reduction of organic load.

Slide 25
Coagulation and flocculation

+  Additives are added that destabilize particles,
allowing them to come in contact with each
other, form larger flocs and settle

Results in achieving enhanced sedimentation

Coagulation/flocculation is the process of adding
chemical enhancers in order to increase the
sedimentation. This is done prior to dewatering so that
the process becomes more convenient.
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Slide 24
Alkaline stabilization

Alkaline additives, such as lime,
can be used for the stabilization
of FS, either pre- or post-
dewatering.

The addition of adequate
quantities of lime to FS raises
the pH to 12, which stops the
microbial activity.

This involves addition of alkaline compounds like lime
to the sludge which in turn increases the pH thereby
inhibiting microbial activity.

Slide 26
Conditioning

Carried out prior to physical forms of
dewatering to enhance performance.

« Common additives include ferric chloride,
lime, alum, and organic polymers.

« lron salts and lime can increase the total
solids of dried sludge (increasing bulk],
whereas polymers do not increase the total
solids.

Conditioning is a method of adding certain chemical
compounds which enhances the dewatering ability of
the sludge. They may change the composition of the
sludge after addition of the chemical compounds.
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Faecal sludge characteristics Treatment — Approach
Paramater Type “A” strength  Type “B” low strangth  Sowags
ramele e "":“ o » Solid-Liquid Separation
Charsctarization ' %ﬁ:ﬁ? L P = Dewatering
crwesksony  © o Saseainat = Sludge Stabilization
COD0 (mg) 20 = 50,000 < 15,000 500 = 2500
CODBoD 5180 1001 A:1 40 101 1 - LIQLIId Treatment
Nigragen [mgT) b & 000 = 1006 - To
Total Solids (%) > % < 3% = 1%
Buspendsd Solids
[mgeT) >30,000 ca 7000 200 - T00

Souree: MeliD 2073

Reiterating the characteristics of FS and that they are
different from sewage for treatment.

Slide 29
Reuse potential
Prid serd Prodges Trastmant of Precesslng Technalagy
el et Lbwrad £
Sudge trom diyieg bed
Compn
Rkl b Hlach S My
Racliimed misnr Lirrasend Bguid Fi
Trpatmast pland sl
Prets ac Sl Ty prscett
Fadder wnd planty Pl drpeeg bas
[ E— v pre s of drisd thadge
. drird g
Pralpsaf Fi
Mt e F5

The by-products of treated faecal sludge can be put in
multiple uses and the intended use of the by-product
is @ major factor in determining the type of treatment
mechanism/s employed.

Faecal sludge treatment focuses on 4 components:

= Solid liquid separation aims at separating the
settlable solids from water

= Dewatering aims at reducing the moisture content
from the settled solids

= Sludge stabilisation aims at reducing the organic

load

= Liquid treatment aims at treating the supernatant
or effluent

Slide 30

Nutrients

Table 103 Hutrasd consest of usas bad Lasced ard Sadi ol ratresi mquiesd b grow T3 by of covmils B
Drungery [ 1050

Mutrimsny Urlan" Fasnms® Tetad Harrmras perded
far 150 by tereais

eg) (o] {ler) {lg)
Simvsngra 1N . 1 iy 54
Pl (] o4 { ¥ o4 ar
Privsem (K} oy a i 11
Totid s o Ko P o 51 1.2 &1 L]

! R0 LA g a0 L year

Theoretcally, the quantity of FS produced yearly by a hurman contans nearly
enough plant nutrients 1o grow the quantity of food they reguine in a year

Agricultural use of faecal sludge as soil conditioner
is very common. The table summarizes the nutrient
composition of urine and faeces and comparing it with
the amount of nutrients required for cereals to grow.
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Slide 31 Slide 32

Reuse Reuse

Crops grown with dried faecal shedge as fertiizar in Cameroon

; o e i
Use of treated wastewater

Crops grown with dried faecal sludge is used as Picture depicting the reuse of treated wastewater for
fertilizer in Cameroon. agriculture. Treated wastewater can help meeting the
water demand for irrigation to a great extent.

Technical Brief: Sanitation System: Faecal Sludge Treatment. (n.d.). Centre for Affordable Water adn Sanitation Technology.
(n.d.). Technical Brief: What is faecal sludge? Centre for Affordable Water and Sanitation Technology.
Participants Kit. (n.d.). CDD Society .

Strande, L., Ronteltap, M., & Brdjanovic, D. (2014). Faecal Sludge Management: Systems Approach for Implementation and
Operation. London: IWA Publishing.
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Faecal Sludge
Treatment
Technologies

There are many technologies available to
treat faecal sludge, each with different
treatment objectives, treatment
products, and level of development.
Faecal sludge treatment is a process. To
effectively treat faecal sludge, several
treatment technologies may be needed
in a particular order. For instance,
sludge may have a lot of water, which
often needs to be removed before other
technologies can be used, like composting
or incineration.

The choice of technologies will largely
depend on the following factors:

Final goal: It is important to keep the final
goal in mind when selecting appropriate
treatment technologies. You first need
to know how the sludge will be used or
disposed of so you know what treatment
is required. For example, you need to
focus on dewatering, stabilization and
inactivating pathogens to a safe level if
you are using faecal sludge for agriculture.
However, if the goal is to produce energy,

Session 6

Outcomes

then dryness is important while
pathogen inactivation may be a lower
priority.

Sludge characteristics and quantity:
Sludge from one on-site sanitation
technology can be very different than
sludge from a different technology.
The composition of sludge (what's
in it), as well as its consistency (how
liquid or solid it is) and quantity will
depend on various factors. These
include the type and number of on-site
sanitation technologies, amount of
greywater added, emptying method,
and climate. It is important to know
the characteristics of the sludge to
choose the appropriate treatment
technologies. Some treatment
technologies, for example, work better
with dry sludge (like composting) while
others treat wet sludge (like a
settlingthickening ponds).

Participants are aware and remember
at least five treatment technologies
Participants understand the need
for combination of treatment
technologies
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Objectives of

Treatment technologies

the session

Slide 2 Slide 3

Treatment RECAP - Treatment Approach

What can treatment do.... 7 B e
* Reduce Smell and Y Separation of solids |

wisuilly disphiasmg
oulputs

*  Habilising the
Sludge 1o reduce
health and
emvironmental risks

= Dedicated place for
disposal - easy to

regulate
= [Revenue generating
end products
Treatment systems provide multiple benefits: Any sludge treatment approach should provide for
» Environmental and public health benefits by these 6 components.

reducing levels of pollution

» Aesthetic benefits by control of smell and
scattering of waste

» Resource recovery by creating reusable by-
products

» Revenue generation by sale of by-products
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Slide 4

Pre-treatment - Screening

# The screen and Gt chamber i a basin o
frap large sowds (rags. paper. plastics.
and metalshesing different size screens
and for setlling of grits (sand, gravel,
cinder) l

+ The screens are provided wih paraied |0
bars vemically of honZontelly with a m
apening size of 2 to Scm k_

i

= The solids collected in s chambes
removed regularly and disposed safely

by

o
Y

Pre-treatment are methods employed to screen out
and remove elements which cannot be treated or can
pose a hindrance to the functioning of the treatment
plant. Usually solid waste and grit are removed this
stage.

Slide 6

Settling Tanks and Sedimentation
Ponds

= Settling tanks provide a liquid
redention time of a few hours (1o
ensure setthng of Settieable solids)
= Sedimentabion ponds provide 8
liuid retention of few days or
several weeks
= Designed on
+  Desired depth and
+  Cuantity of accurnulating solids
= The accumulating solids hawe o
b removed and ireabed further

R P ]

Settling tanks/ponds are a physical treatment method
which helps in separation of the solid and liquid. It
provides a liquid retention time of a few hours thereby
ensuring that the settleable solid separate out from
the liquid. The suspended solid still remain.

Slide 5

Satibng & Thickening tark
Sludge drying bed
Panted drying bed
Araentes SetompoSion

Mechanism of treatment technologies that are
available for the treatment of faecal sludge can be
categorized into following:

= Biological Processes

= Mechanical, Chemical and Thermal Processes

» Disposal Processes

Slide 7

Anaerobic Digestion

* This process ensure eflective
sludge digesion and stabilization
= During digestion:
= Qrganic matier 15 converted fo
blogas
= The slabilized sludge
(digestate) utilized as  soll
conditioner
+ The SRT is maimained for 10-15 20
days
* Removal of accumuldled sobds @
from the digester remain a ‘..'!T.. _:!.._ - — ..-.;;.-
chatienge *

e i mer—— ———

Anaerobicdigestionisabiological treatment technology
which is applicable for temperate and tropical regions.
Itis used to reduce the organic load by means of sludge
digestion and stabilization.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).
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Slide 8

Sludge Drying Beds

= i i5 a shallew Hiter tnk filled with graded
gravel mainly used Tor dewatering of
stabilized shidge

= Graded fer media of different duameter
used tor the gepth of 50-G0cm cepth with
the top layer s sand

= Approximalely 50-80% of the liquid drains
of as flrate and 20-50% due to

avaparation e
= The deplh of shedge applied per loadng ls =Pl neivi
not more than 30cm 9 i i Al

= Shedpe drying petiod range of 10-20 days I -
depending on the lemperalure |

Sludge drying beds are mainly used for dewatering of
stabilized sludge.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).

Slide 10
Planted Sludge Drying Beds

= F5is loaded with layers of sludge that
are  subsequently dewatered and
stabilized through multiple physical
and biological mechanisms

» The beds consist of gravelfsand/soil
filter planted with plants such as
reeds, caftails, bulrushes

= Liquid fraction flows  verbcally
downwards through media and is
collected at boltom and ireated -
separately

» Sludge retention time is 2-3 years
depending on sludge loading rate TS

Planted drying bed dewaters the sludge using two
methods of evaporation and evapotranspiration by
means of plants. The bed consists of gravel/ sand/
soil filter through which the liquid flows vertically
downwards and is collected and treated separately.
This process helps in dewatering the sludge faster.

Slide 9
Case Study - Thailand

Case study - Thailand. The video explains the
functioning of an anaerobic based treatment system.

Slide 11

Mechanical Treatment Options

= The technologies used bo tneal waslewaler shedpes are also applicable for
Faecal Sludge namily
+ Bell Filter Press
= Frame Filter Press
= Screw Press
= Cenbrifuge
= Advantages of mechanical treatment options include compactness and
speed of the procass
= Limitations of mechanical treatment options include high imvestment costs,
O&M and electricity requirements

The mechanical treatment options require energy for
the operation. These systems require high investment
and maintenance costs. They provide a way for faster
dewatering of the sludge and increase compactness of
the treated sludge.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).
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Plate and Frame Filter Press

= This i the simplest type of =
prossung Mer.

= |t consists of plates and frames
arranged alternately and
supported on a pair of rails,

= The plate is a solid piece having
a nbbed surface.

= The frame is hollow and provides
the space for the filter cake.

Construction and working of a plate and frame filter
press for mechanical dewatering.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).

Slide 14

Construction & Working

Video explaining the working of a screw press.
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Slide 13

Screw Press

* |t is the simplesi machine for separation of solids and liquids

» |tis a cage style press,

* It is used tor separaton of Water from the faecal sludge

*  Serew pressing ks 8 contmeous operabon, hence these are also known as
“enpeliers”

» |t works on the prnciple of ‘compression and shear

e

itavew

Construction and working of a screw type of press for
dewatering

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).

Slide 15
LaDePa Pelletizer
HDd’HFﬂﬂ a commercially -
availabée pyTolysis unil and
adding dewatering and waber
Ireatment mils

Pyrolysis is a process which
decomposes matter using heal in
the absence of oxygen

LaDePa Pelletizer uses thermal treatment. The machine
works on the pyrolysis process which decomposes
matters using heat in the absence of oxygen. Although
it is energy intensive, a part of the energy can be
provided by the pellets created from faecal sludge.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).
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LaDePa Pelletizer

actrila i e e e
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Schematic showing the working of a LaDePa pelletizer

Slide 19

Slide 18 ) ] ;
Intermediary solution: Trenching

Geo-tube bags Technique

= Geo bags are porous tubular containers
fabncated with high strength wowven geo-
textiles (palyethylene matenal) mainky
uszed for dewatering sludge

=  Bags will help lo achiove the caplune of
98% of soligs from the sludge

* Polymer will added to increase the solid =
seting

= Filtrates from the container showld be
collected and treated properdy before
dischaige

Trenching is a simple technique in which the faecal

; : sludge is buried as a temporary option.
There are few techniques are purely for disposal of the

faecal sludge and there is reuse option to this method.
For more information refer to (Participants Kit).
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Anaerobic based approach for

Fawecal Sludge

SYSTEMS APPROACH TO
TREATMENT

The systems-level approach includes evaluating in
existing systems what can be done for improvement at
each step in the chain, and how all the steps integrate
and influence each other. For more information refer
to FSM Book (Strande, Ronteltap, & Brdjanovic, 2014).

Slide 22

Anaerobic based approach for
Faecal sludge treatment

= Regular operator is required. O&M is simple

= Capital cost is high and recurrent cost is minimal
= Large area requirement (UG+0G)

= Suitable for large quantity (20cum)

* Good treatment efficiency

= Regular feeding is not a issue

Key features of the anaerobic approach of faecal sludge
treatment

Faecal sludge treatment

Systems approach of faecal sludge treatment looks
at combining these treatment modules in order to
achieve the treatment objective.

Slide 23

PDB approach for
Faecal sludge treatment

Treatment process flow for the PDB approach with the
several treatment modules involved.
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Aerobic based approach for
Faecal sludge treatment

= Commenly practiced technique due to simplicity
* Maoderate capital cost, Low recurring cost

* Large area requirement

= Good treatment efficiency

= Location of the treatment system may be an issue = odor,
flies

+* Operation and mainatainace may be an issue - acceptance
= Regular feeding may be an issue

Key points for the PDB approach for faecal sludge
treatment

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).

Slide 25

Criteria:
Selection of Technology

= Desgn a system based on fnal ond-use
products

« Desgning a system lor the sctusl quantity and charactenstcs of laecal
sludge

= Design system based on the collection and tanspor apgroaches

« Dovelop a system by understanding treatrment mechanisms

= Develop system based on the resowce reguired — land, cost, skills

*  Develop system basad on Cperaion and mamienance reqleremeants

of desposal oplion of reatment

Thetechnology selection should takeinto consideration
the following:

= Sludge generation

= (Collection and disposal practices

= Reuse objectives

Financing options for the capital and operational costs

References

Participants Kit. (n.d.). CDD Society .

Strande, L., Ronteltap, M., & Brdjanovic, D. (2014). Faecal Sludge Management: Systems Approach for Implementation and

Operation. London: IWA Publishing.
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Planning for
FSTP
Implementation

The most important part of the planning
is the estimating the quantity of faecal
Sludge that needs to be treated. In this
session, various methodologies for
estimating the same is discussed.

» Participants are aware of the process
involved in implementing an FSTP for

their cities

Session 7 » Participants are aware of various
contract methods for implementing
FSTP

Outcomes
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O bj e Ct i "e S Of Systems approach in FSTP implementation

Contract models in FSTP

the session

Slide 2 Slide 3
System Characteristics System Characteristics
Boundary Location
Ingint Svster‘n Cutpust Violumme ESTP End mﬁ ! Specification
Quality
Sustainability

A FSTP system can be represented into a modelling a
system with boundary conditions which has an input
and output.
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Slide 4 Slide 5
System Characteristics

Location

B | pgrp | Endeodugi Speciication

Sustainability

Input to a FSTP system can be classified under two The volume of FS input into the system can be
buckets: Quantity and quality of the sludge. predefined and regulated in order to be accommodated
in the plant capacity.
Slide 6 :
Slide 7
Methods

System Characteristics

Pi:npu!atrﬂn baszed

= Lising accumulation rate
» Population estimates

Location

Survey based Volume End 1 Specificats
2 s SME | FSTP  oopwdugf Specieanon
« Volume of containment | Cluality |

+ Desludging frequency

T —— o

+ Current conveyance

The three established ways of calculating the quantity/
volume faecal sludge that should be input into the
system.

Itis unrealistic to identify the quality of FS every time it
is input into the system. Thus a range of characteristics
are used for the defining the system characteristics.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).
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Slide 8 Slide 9
Quality of FS System Characteristics

=
-+ Total and » Helminth egg Vokame
grgmﬂ zhusphnmus « E-Coli —W FSTP

* Sludge Potassium

volume index = BOD and Sustainability
{SV1) CoD

Quality of FS is bucketed under Physical, Chemical and
Biological parameters which are crucial for deciding the
type of treatment system required.

Slide 10
Output — End usage

Trewried faecal shuogs and Ut Con T aopied 1o 80d I0 wpeov panl
Boul Eondmones snd mwummnbmnmman

Fertiizer in Agricullure
Foaca Nutgs it o wih ergini: sante B prod.ce Risgas snd
Biogas Sgeatats. BOgE S USed B STy S0UTE for bghting and bodling
which gre mone daparmived and damaging 1o 1 ketal efvinsament
Aremaly wach as arves eed on feecal sludge and provids @ proSen soate
[Preagin jor animal feed o b il e

Faacal iiudge i ded i aquetc crganams sush &y Sah and squatc plants.
NgEnET S T by wdien drectly veed i aroral feed o
used a3 hiiloes

Aguaculire Thine aguatc

Faecal sludge can be used in a range of activities such
as agriculture, energy generation and as a feed for
livestock and aquaculture.

End products play an important role in defining the
system characteristics in terms of extent of treatment
and type of treatment required to give desired end
product.

Slide 11
Standards - Discharge

EFFLUENT BMSCHARGED STANDARDE FOR AEWACE TREATMENT PLANT

. Farsmeios l‘mmmﬁ‘ﬁw 1
[ el 'E'-;'a"'—"—'!'—*
BE R | T T maers G 10
i Tt Gmp T [rep————
| TRl Foct o than. 10
;4 =gl W s e 1
F A Sl (gl [repe———T
| F Fcal Codiborm L e 156
| ]
| Ple:
0 FEmedmASTT—
| ol sewaga
(111 u——d’“hmlﬂ-wﬂﬁhhud

Effluent discharge standards for sewage treatment
plants are very stringent. The treatment system must
meet the standards.
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Slide 12
System Characteristics

Location
Violumme FSTP End EM! Specification
Quality
Sustainability

Slide 14

Some pictures showing land survey and soil

investigation being carried out at the FSTP location.

Slide 13
Location

« Area availability and boundaries

+ Ownership of the land

« Existing infrastructures in and around the project area
« Topography and terrain - flooding

+ Sub surface soil characteristics

« Condition of the approach road leading to the site

» Distance

* Min and max temperature, rainfall

« Local bye-laws

Several factors should be looked into for selection of
location of the FSTP.

For more information refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014).

Slide 15
System Characteristics
Violume FSTP End Ewr Speciication
Quality
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Slide 16

Sustainability model

= Plan for operation and maintenance
« Existing solid waste management practices

« Availability of finance for implementation — CAPEX and
OPEX

« Availability of Electricity/Skill and resources for O&M
+ Awvailability of local construction material, contractor
+ Operating model - Private, public or PPP

Sustainability of FSTP depends on the existing
resources and means to recover the cost incurred in
the setting up and operations of the plant.

Slide 18
PPP MODELS

PPP model is a long term contractual agreement
between the government and private entity to provide
public services. Under this model the government
shares the burden of cost through partnership with
private entities.

SESSION 7: PLANNING FOR FSTP IMPLEMENTATION

Slide 17

Planning prccess

'1-.- """“""""l-'-"‘:,?||—‘-—
e e e il g B
= H{=H=la=
= s e = == e

Summary of FSM Planning process at different
milestones are shown in the picture.

Slide 19

EXTRACTION & CONVEYANCE
CONTRACTS

Options and key fealres

This involves the contracts for emptying the
containment systems and conveying the faecal sludge
to the designated treatment/ disposal sites.



DAY 1 SESSION 7: PLANNING FOR FSTP IMPLEMENTATION

Slide 20 Slide 21

O & M Contract Conveyance Contract (Invest &

Operate)

In the O&M contract model, the vehicles are procured In case of conveyance contracting model, the cesspool
by the municipality and the operations are provided vehicle is owned and operated by the private party
by a private party who is given a service fee by the under a conveyance contract. Depending on the nature
municipality in return of the services. The users pay to of the contract there are two possibilities of revenue
the municipality in form of user fees and property tax sharing:
and/ or sanitation cess. = The user fee is collected by the municipality and a

service fee is given to the cesspool operator.
= The user fee is collected by the cesspool operator,
who shares a part of the revenue with the

Slide 22 municipality
Model 1

- - Slide 23
' 1 s Model 2

ﬁ ot | Casatay |
& } H: o = Sorvice -
e Casaciyd Provider
|
m """"""""" ! Riates:
| Marked
— / o} Oriven
i =

The first model wherein the ULB sets a tariff for
emptying and deploys a truck operator for providing
the service.

The second model where a service provider himself
takes up jobs directly and deploys trucks for the
emptying service.
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Slide 24 Slide 25
BOT Contract
TREATMENT & DISPOSAL - %El 8
CDNTRACTS [ wiai _El-_ PR | . e MR
l
Options and key fealures ‘ | o |

This involves the contracts for construction and
operation and maintenance of the treatment plant.

Slide 26
bl EPC Contract
=5 o,
R |
R %

In this model, the private party is involved in the
construction of the plant and running the plant from
the initial stage until the handover. The land and funds
for construction are provided by the government. The
users pay to the municipality in form of user fees and
property tax and/ or sanitation cess.

_________

The plant is built and operated by private investment
and the land is provided by the government. The
government pays the private party periodically. The
private party keeps the revenue generated from the
sale of by-products. The users pay to the municipality
in form of user fees and property tax and/ or sanitation
cess.

Slide 27

In this model, the private party is involved in the O&M
of the plant. The land and funds for construction is
provided by the government. The private party also
keeps the revenue generated from the sale of by-
products. The users pay to the municipality in form of
user fees and property tax and/ or sanitation cess.
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Slide 28 Slide 29
Integrated FSM Contract — Option 1
i i : 8
INTEGRATED FSM d E&.
CONTRACTS
When a ULB chooses to bundle all components of FSM In this option, the ULB provides the land for the
and give it to one private party, it is called integrated construction of the treatment plant. The private
FSM contract. party invests on procurement of cesspool vehicle
and construction of the treatment plant. Also, the
entity handles the O&M operations. In return of these
services, the ULB pays the private entity annuity/
periodic payments. The private party keeps the revenue
generated from the sale of by-products.
Slide 30 In this option, the land and funds for construction

are provided by the government. The private party is

involved in procurement and O&M cesspool vehicles.

The same entity also provides the O&M of the

treatment plant.

The cost sharing between the ULB and the private

entity can manifest in two forms:

= The property tax or sanitation cess and the
revenue from sale of compost are collected by
the municipality and a service fee is given to the
cesspool operator as a part of the periodical
payment.

» Theuser fee and the revenue from sale of compost
are collected by the cesspool operator who shares
a part of the revenue with the municipality
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Slide 31
Procedure for procurement

Define scope of

BENVIDES

Check ehgibity of bidder to .
imgtement Step by step points for the procurement process.

Financial evalualion- bid
parameter

Selection of CondraclonSaenmco

Pronichor

Strande, L., Ronteltap, M., & Brdjanovic, D. (2014). Faecal Sludge Management: Systems Approach for Implementation and
Operation. London: IWA Publishing.
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Preparation for
Feasibility stud

The most important part of the planning
is the estimated quantity of faecal Sludge
that needs to be treated. In this session,
various methodologies for estimating the
same is discussed.

Session 7

Outcomes

Participants are aware of the process
involved in implementing an FSTP for
their cities

Participants are aware of various
contract methods for implementing
FSTP
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Objectives of  cowsnmn

Type of information to be collected from each
stakeholder group

the session

Slide 2 Slide 3

Agenda Instructions

—— — + 5 groups will be formed — name of group

830 Assemble at tralning venue . p
e otk i e members will be shared by end of this
st oo presentation
0850 -1100 Travel to site L .
= Each group will interview one stakeholder at
1100 = 1300 Data codlection x
a time
1300 — 1345 Lumch ) . .
« After interview the group will move to next
1245 = 1500 Travel back to tralning venue
stakeholder

1500 - 1515 Debriefing

P « Information on logistics and sequence of

interviews will be provided tomorrow morning
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Slide 4 Slide 5
Interview - Stakeholders Households surveys
+ Households « Survey of households
« Desludging operators - Formula or % of total households
« Farmers - Understand the current system and
. ULB desludging practise
. . * 1 households will be surveyed with toilet
* Site details and containment
+ Estimate the volume and frequency of
desludging
Interviews play a crucial role in data collection on field The surveys should help in estimating the quantity of
and to understand the current situation. sludge generated from different containment systems,
the age of containment unit and the frequency of
desludging.
Usually, at least 5% of the total households are surveyed
i to arrive at a representative answer.
Slide 6 The most commonly used method is stratified
proportionate random sampling. This method seeks
Farmers to represent different strata of the society (based on
a particular criterion such as income; area of residence
« Snowballing etc.) adequately within a given sample. In order to do
« Current practice so, the proportion of the strata in the population and

within the same should be the same. Further, in order
to remove any bias in selection of the households while
sampling, the households from different strata should
be selected randomly.

* Willingness to use and pay for bio solids or
compost

The interviews are aimed at understanding the
existing practice of agricultural reuse of faecal sludge
and market demand for compost derived from faecal
sludge.
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Slide 7
ULB

« Current practice and regulations related to
desludging vehicles, onsite sanitation
systems and disposal of faecal sludge

« Future plans of the city
« Current capacities

The interviews are aimed at understanding the
institutional and regulatory framework in which the
FSM operations are taking place and understanding
the way to strengthen them.

Slide 9

Location

+ Distance from town
Neighboring areas

+ Soil type
Geo-climatic condition
+ Flood proneness

« Terrain

-

-

The details pertaining to the existing or possible
location of FSTP is critical for feasibility analysis and
needs to be recorded.

Slide 8

Desludging operator

-

Current demand for desludging
* Procedure

Current disposal practice

« Issues and economics

-

Interviews and observations are aimed at
understanding the amount of sludge collected from the
city on a daily basis, the operation model, gaps in the
current operations and how to optimize it, and collect
information about the sizes and types of containment
systems in order to triangulate it with the information
collected from households and ULB.

Slide 10

Presentation
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Slide 11 Slide 12

Presentation on
Day 2
Time: 10 -11 am
Duration: 5 minutes for each group

FSM Canvas

Link the hyperlink to FSM canvas document.
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site selection




ADVANCED TRAINING ON FAECAL SLUDGE MANAGEMENT

Checklist for FSTP Site selection

This document can be used to collect information about proposed sites for faecal sludge freatment plant.
Name of the surveyor:

Date:

GPS Pin number:

Location:

Town/City/District:

State:

Proposed treatment capacity (m3 per day):

Approach

1. What is the distance between the centre of town/cluster (place around which most household that
require desludging services are located) and the proposed site?

2. Does the approach road to the site have a width of less than 3 metres? Can the desludging vehicle ply
freely on the approach road?

3. Condition of the approach road
O Concrete OTarroad 0O Gravel and mud OStone/gravel

COthers (Please specify)

4. Can the road be used during rains?

5. Does the approach road lead into the property?
L Yes O No, it stops at a distance of metres after which there is

Property details

1. What is the lotal area available for construction of FSTP? ( also mention the units)

2. Does the property have any other system/ infrastructure? If yes, what is it?) [ Check if the manpower
can be shared for FSTP operation)

3. Does the properly have a boundary wall? (lo prevent trespassers and animals)

4. What is the distance to nearest habitat (household where people live)?
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10.

11.

12.

13.

14.

15.

What is the terrain/soil type of the proposed site?
O Rocky 0O Sandy Oclay OWetland OFarmland OPlantation natural Oothers, specify

What is the depth to water table?

Is there an open well/ bore well’/hand pump/tube well nearby? If yes, at what distance from the
property?

Is there a natural drain/river/canal/pond nearby? If yes, at what distance from the property?

Is portable water available at the property? If yes, what is the source and frequency?

Does the property have access to electricity? If yes, please specify the number of hours in a day it is
available and the phase ( 3 phase or single phase)

Is there a provision for an operator room/house?

Is the place located on the lower regions of natural drainage basin? Is the area flood prone?

Details of neighbouring land parcels

Direction Mention the usage of the land

Maorth

East

West

South

Does the land have a natural slope? ( if yes please mention in the sketch)

Does the land require felling of big trees for FSTP construction?

General details

1.

Climate details

Months | Jan Feb |[Mar | Apr May |Jun | .Jul Aug | Sep | Oct Mov | Dec

Rainfall

(in mm)
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Average
temp (
in°C)

2. Does the site have adequate incidence of sunlight? | check for shadow regions or regions covered
under natural/man made cover)

3. Isthere a solid waste management yard in the vicinity? { If yes, please specify, the type of SWH,
distance and quantity handled per day)

4. Who is the current owner of land? |s any transfer proposed? If yes, to whom and when?

5. What is the proposed development in the surrounding region for the next 30 years? (Are there any
layouts, institutions, etc. planned)

Schematic

In the next page make the following markings along with a detailed skelch of the site

Detailed boundary map

Topography details on the schematic map (mark slopes)
Wind direction

Location of other infrastructure (SWM centres, well, tank eic.)
Location of ponds, stream, river etc.

Location of surrounding human habitation.

~oQo0 oW









il » Day 2

e

__ 4 Desludging




BASELINE SURVEY - SANITATION INFRASTRUCTURE COLLECTION AND CONVEYANCE

Advanced
Training on
Faecal Sludge
Management

Cesspool Operator Survey

Please take a few minutes to fill out this survey on the current sanitation status at
Your responses would be kept confidential. Thank you for your participation.

Name of the surveyor:

Date:

Location:

General Information

1) Mame

2) Years of Operations (by the owner)

3) Number of Trucks currently owned by the owner

Operations
4) What are the services offered?
O Septic tank cleaning OCollection OTransport of FS OWater Supply

5) What time of the day and Month do customers usually call? (If not the usual operation time for the
operators) { Please tick operating hours)

00 J01 (02 )02 (04105 )06 (07 |08 109 (101112113114 |15 (1617 (1811920 )21 (22|23

Which month of the year has most desludging request from households?

Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec

6) What is the cost to consumer for desludging?
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71} What is the maximum number of trips of Faecal Sludge conveyed in a month?

8) What is the maximum number of trips of fascal sludge conveyed in a day?

9} Do you desludge chemical wastes from instifutions such as industries and small scale units? (Please fill this
for chemical and industrial waste only, not for black water from toilets) OYes ONo

If yes, where do you dispose these waste?

Which industry types do you desludge most often from?

Collection

10) Are there certain pockets within the town which are not accessible by the operator?

Areas:

Conveyance

Characteristics - Tank

Tank Capacity

Qutlet valve diameter

Height of the outlet valve (bottom) from the ground
level

11)Where do you dispose the sludge? ( probe for factors affecting the place of disposal)

12) Do you face problems of disposal at specific months or seasons? If yes, when?

Jan Feb Mar Apr May Jun Jul Aug Sep Ot MNowv Dec
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Farmers
Survey




BASELINE SURVEY - SANITATION INFRASTRUCTURE FARMER - RESUE

Advanced
Training on
Faecal Sludge
Management

Reuse (FEI'IT'IEI'S) SUWE}‘ (This survey is only looking at the aspect of reuse of wastewater and faecal
sludge for irrngation)

Please take a few minutes to fill out this survey on the current sanitation status at
& . Your responses would be kept confidential. Thank yvou for your participation.

Mame of the surveyor:

Date:

Farm location (Name of road/ward number):

GPS Fin number:

Fresh Water Irrigation

1. Where do you get fresh water supply for irrigation from
O Municipality water supply O Canal water [ Water tanker [0 Borewell [0 Open wells O Rainwater [
Others,

2. |s freshwater available for irrigation throughout the year O Yes O No

3. If Mo, then in which seasons are freshwater not available

4. What kinds of crops and vegetables are yielded with freshwater

5. Do you use cow dung manure in farming? If yes, how much do you pay?

6. How do you use the fertilizers O Mechanical spraying O Hand mixed with soil O Mixed with irrigation
water ] Others,

Wastewater Irrigation. Fill if farmer uses wastewater

7. Do they use wastewater for irrigation [J Yes [J No

8. Why do vou use wastewater for irrigation O High nutrient value O Lack of freshwater O Water
management {No place to dispose) O Others,
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10.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

21.

. What crops do you grow using wastewater

What is the source for wastewater O Nearby nala O STP outlet O Own septic tank/soak pit/pit O Others,

Where do you get wastewater from [ Municipality [ Private Supplier [0 Others,

How much do you pay for wastewater (in terms of quantity — per liter or per cubic meter)

Is there any transportation required to avail wastewater O Yes, Cost O No

Do you use any kind of basic filtration process before using the wastewater O Yes, What
O No

Do you store the wastewater before using it [ Yes [0 No

If Yes, is there mosquito breeding O Yes O No

Co you use any pesticide to avoid mosquitoes and other pests 0 Yes O No

Do you use any protective equipments while using wastewater for irrigation O Yes, What
) Cost per annum

O No

Has anybody in your family got any of the following diseases O Yes, O Diarrhea O Cholera O Typhoid
O Hepatitis O Others, O No

Did you receive any complaints regarding the quality of crops/vegetables grown in wastewater [ Yes,
What
O Mo

If treated water is made available, how much would you pay for 1 tractor load (34 Kilo
litres)

Faecal Sludge as a soil conditioner — Fill if farmer uses Faecal Sludge

22,

23.

24,

25,

Do you use faecal sludge as a soil conditioner O Yes O No

Mature of faecal sludge [ Dried O Fresh from vaccutugs

When do you apply faecal sludge to the soil O During cultivation O Before cultivation, how many days
before

Who disposes the faecal sludge O Municipality O Private desludging operators O Others
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26, Do you pay any amount for availing faecal sludge O Yes, how much O No

27.If Mo, does the disposer pay any amount for disposing the sludge O Yes, how much
O No

28. What crops do you grow using faecal sludge

29. Is there any mosquito breeding due to the use of faecal sludge O Yes O No

30. Do you use any pesticide to avoid mosquitoes and other pests O Yes, Expenditure on pesticides
O No

31. Do you use any protective equipments while using faecal sludge as soil conditioner O Yes, What
, Cost

[ No

32, Did you receive any complaints regarding the quality of crops/vegetables grown using faecal sludge O
Yes What

__ ONo

33. If treated faecal sludge is made available which is safe and stabilized, ideal for farm applications. How
much would you be willing to pay for 1 tractor load of 3 tons?

Notes

34. How is the faecal sludge discharged from vaccutugs, diverted and used for irrigation:
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Checklist




BASELINE SURVEY - SANITATION INFRASTRUCTURE USER INTERFACE OBSERVATION CHECKLIST

Advanced
Training on
Faecal Sludge
Management

User Interface (Individual Toilet) Observation Checklist

Please take a few minutes to fill out this survey on the current sanitation status at
Y¥our responses would be kept confidential. Thank you for your participation.

Name of the surveyor:

Date:

Location (Name of road/ward number):

Survey ID: , GPS 1.D:

User Interface and General

1. What is the type/condition of the main house:
O Permanent O Semi-Permanent O Temporary (Serviceable) O Temporary (Non-Serviceable)

Permanent: wall materials of G.1., Metal, Asbestos sheets, burnt bricks, stone or concrete and with roof
materials of tiles, slates, G_I., Metal, Asbestos sheets, bricks, stone or concrefe

Semi-permanent houses are with either wall or roof made of permanent materials and the other made
of temporary materials.

Temporary: Houses with wall made of temporary materials such as grass, thatch, bamboo, etc, mud,
plastic, polythene, un-burnt bricks or wood and roof made of grass, thatch, bamboo, wood, mud, plastic
or polythene, Tempaorary serviceable houses are with wall materials of mud, un-burnt bricks or wood.
Non-serviceable temporary houses are with wall malerials of grass, thatch, bamboo, elc, plastic or
polythene

2. What is the kind of flushing system inside the toilet O Cistern flush OO0 Pour flush 0O Others (Dry toilet)

3. Where is the toilet outlet connected to
O Connection to a piped sewer systemn O Connection to a septic system O Pit latrine without slab O Pit
with slab 0O Ventilated improved pit O Composting unit O] Elsewhere (not into a pit, septic tank, or sewer)

4. Where are the utensils washed [0 Kitchen [0 Other place,

5. Where does the wastewater from Kitchen go
O Septic tank O Pit O Public sewer O Kitchen garden O Storm water Drain O Roadside O Ditch O Canal
[ others,

6. Where is the bathing water disposed
O Septic tank O Pit O Public sewer O Kitchen garden O Storm water Drain 0 Roadside [0 Ditch

[0 Canal O Others,
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7. Condition of the drain which the household is connected to
O Blocked or choked O not deep enough O Broken O without cover O Covered

8. What is colour of liquid waste flowing through the storm water drain
O Black O Grey O Brown [0 Others,

Containment

9. What is type of containment unit
O Septic tank O Twin Pit O Single Pit O Others

In case of a single pit

a. How many rings are there in the pit

b. What is the height of each ring (in feet)

c. What is the diameter of the ring (in feet)

In case the pit is not made of rings, what is the depth of the pit (in feet)

Is the pit located near to an open well/ tube wellf bore well [0 Yes, distance 0 No

f. Does the pit cover have a provision for desludging pipe
] Yes: mention the type of arrangement O No

g. Isthere an outlet in the pit, through which faecal matter overflows
O Yes, where does it overflow to O No

h. What is the distance of pit from place where desludging vehicle can be parked
O 10 meters O 10 — 20 meters O 20 — 30 meters O 30 - 50 meters O More than 50 meters

In case of a twin pit

a. How many rings are there in each pit

b. What is the height of each ring (in feet)

c. What is the diameter of the ring (in feet)

In case the pit is not made of rings, what is the depth of the pit (in feet)

Is there an interlinking connection between the two pits [ Yes [ No

f. Isthe pit located near to a open well or tube well O Yes, distance O Mo
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g. |Is there an outlet in the pit, through which faecal matter overflows O Yes, where does it overflow
to O Mo

h. What is the distance of pit from place where desludging vehicle can be parked
O 10 meters [0 10 = 20 meters O 20 = 30 meters O 30 - 50 meters [0 More than 50 meters

In case of a septic tank

a. What is the length of septic tank (in feet)

b. What is the width of septic tank (in feet)

c. What is the depth of the septic tank (in feet) (use a rod and a tape for measuring) (to be measured
fram below the outlet pipe)

d. How many number of chambers are there in the septic tank

e. Where are the partition walls located
[0 Centre of the tank O One third of the tank and equally distributed O others,

f. s the septic tank located near to a open well/ tube well/ bore well O Yes, distance OO0 No
g. Does the septic tank have manhole covers [ Yes, number O No

h. Isthe septic tank connected to a soak pit O Yes [0 No, outlet connected to
i. Distance of septic tank from the nearest main road

j-  What is the width of the road near the septic tank
[ More than 3 meters [ 2 meters to 3 meters [J Less than 2 meters

Notes
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BASELINE SURVEY - SANITATION INFRASTRUCTURE USER INTERFACE SURVEY

Advanced
Training on
Faecal Sludge
Management

User Interface (lﬂdiVidUﬂ' TDI'Et) SIJI"VE}" (This survey is only for individual toilets. There is

a separate survey for public toilets)

Please take a few minutes to fill out this survey on the current sanitation status at
Your responses would be kept confidential. Thank you for your participation.

Mame of the surveyor:

Date:

Location (Name of road/ward number):

Survey 1.D: ,GPS 1.O:

Water Supply

1. What is the primary source of potable water?
O Municipal piped supply O Household owned tube-well O Community tube well O Pond O River/canal
O Own source (pump motor) O Neighbor tube well O Private tankers O Others,

2. What is the distance between the nearest water source and the teilet containment structure
[ 0-3 meters O 3-5 meters [ More than 5 meters [0 Not applicable

3. What is the frequency of potable water supply O Everyday [0 Once in two days, hours of supply

[J Once in three days, hours of supply [ Once per week, hours of supply

4, What is the per month water bill including tips and other miscellaneous expenses

5. How is your water supply charged O Metered O On basis of the pipe diameter O Fixed billing O Others,

6. On a scale of 1-5 (5 being highly satisfied), how satisfied are you with the level of piped water supply
O10203040%0 Mo comments

Toilet — User Interface, Containment and Emptying

7. What is the kind of containment unit that is connected to the toilet O Septic tank COTwin Pit OSingle Pit
Oothers,




BASELINE SURVEY - SANITATION INFRASTRUCTURE USER INTERFACE SURVEY

8. What happens when a single pit is filled
[0 Toilet super structure is shifted to a new place with a new containment unit O Desludged O Toilet
outlet connectad to a new containment unit O Others,

9. Why did the household call for desludging
O Backflow of water inside the toilet O Foul smell O Overflow of containment unit O Others,

10. When was the pit/septic tank last desludged

11. How often do you desludge the pit/septic tank

O Every six months [0 Every year [0 Once in two years [0 Once in three years [0 Once in five years O
More than five years

12. Who desludges the pit/septic tank

0O Self O Local Sweeper O Municipal Sweeper [0 Municipal Vaccutug [0 Private Vaccutug O
Others,

13. How much do you pay for desludging service

14. Where is the faecal matter disposed
O In adjacent drain [0 Canal O River [0 Low land [0 Burying under soil 0 Treatment plant O Do not
know

15, Are you satisfied with the prevailing faecal sludge desludging system O Yes O Mo

16. If Mo, what is the reason behind discontent

17. If No, are you willing to pay charges for improved desludging service O Yes, how much
[0 No

General Information

18. Name of respondent

19. Gender

20. Number of people in the family/household




—y "
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BASELINE SURVEY - SANITATION INFRASTRUCTURE URBAN LOCAL BODIES

Advanced
Training on
Faecal Sludge
Management

Institutional Questionnaire (This survey is for collecting data from the Municipality)

Flease take a few minutes to fill out this survey on the current sanitation status at
Your responses would be kept confidential. Thank you for your participation.

Name of the surveyor:

Date:

Location (Municipality Office):

Name and position of staff interviewed:

General

1. What is the type of Urban Local Body (ULB)?

[ Nagar Nigam [J Nagar Parishad [] Magar Palika

2. What is the total number of wards in the ULB

3. What is the total population of the ULB:

4. What is the total number of residential holdings in the ULBE

5. What is the total number of non residential holdings in the ULB

6. What is the number of taxable (property tax) holdings

7. What is the number of non-taxable (property tax) holdings

8. How much is the property tax paid by each holding

9. What is total number of holdings having access to piped water supply (provided by the ULB)

10. What is the volume of water supplied to the citizens per day

11. How much does the ULB charge for water supply

Sanitation

12. Which department of the ULB looks after sanitation related activities

13. Is there any sanitation (wastewater/fsm) committee available in the ULB [ Yes (Collect the arganogram
of the committee) [] No

14.If there is a commiltee available, what are the current acliviies of the commillee
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15. How many individual toilets are there in the city

16. How many functional community/public toilets are there in the city

17. Is the toilet containment unit shown in the plan before approval O Yes OJ No

18. Is there a provision in the ULB, that the septic tank/pit outlet cannot be directly connected to the open
drains [J Yes, what is the penalty if rule not followed O No

19. Is there a faecal sludge collection system (desludging vehicles) in the ULB [I Yes 1 No

If yes, what is the capacity of the vehicle
How many trips does the vehicle carry out in a day
What is the cost of desludging (per trip or per containment unit)
How much is the operation and maintenance expense on the collection system
How many staff including driver, worker and supervisor is engaged for fecal sludge management

Tooon

20. Is there land available for the establishment of faecal sludge/wastewater treatment plant with the ULB
[ Yes, area available (Collect a copy of layout, potential sites to be illustrated on map)
[ No, price of land in the ULB

If area available,
a. Is there an approach road to the site O Yes, width of road O No
b. Types of nearby buildings/structures

Finance

21. Evaluation of information on Municipal Finance:

 Head 2013-14 2014-15 2015-16 | 2015-17 Remarks

Revenue Income
{Own)

Grants

Expenditure-
Total

Surplus/{Deficit in
negative)
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BASELINE SURVEY — SANITATION INFRASTRUCTURE

URBAN LOCAL BODIES

Others

22. Inventory of following kinds of projects (underway or completed) in your ULB (Provide a fist of the

Projects undertaken within the ULB):

a. Wastewater treatment infrastructure:

b. Wastewater conveyance infrastructure:

c. Faecal sludge conveying services:

d. Faecal sludge treatment sites:

23. ULB staff engaged in sanitation activities:

Sl No.

Mame

Designatio
n

Role/Responsibility

Years of experience

24. List of documents to be collected
a. Map of the municipality with ward boundary {both soft and hard copy)

b. Layout plan for sites identified for FSM/WW plants
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FSM CANVAS
F5M
Situation Economics
General data A OPEX for Truck
Town (District): B OPEX for Treatment
Population: C Administrative expenses per annum
P ’ D Total expense per annum for the ULB (A+B+C)
Households:
Non residential units: F Revenue from Truck
" . G Revenue from end products
Max, floating population: H REEE O e
Water table: I Revenue from other sources
Water supply: J Total Revenue per annum (F+G+H+l)
| K | Net surplus or deficit (]-D) [
Sanitation
% of HH connected to sewer: - - -
Onsite Collection and conveyance

% of HH with toilets:

Deficit / Surplus

Mumber of staff for MSW and Sanitation:

% of HH with unhygienic toilets: 1. What type of onsite system Type Capacity I
is most suitable? Hand held
% of HH with septic tanks: Auto
% of HH with pits: mounted
Tractor
MNumber of public toilets: mounted
: . Truck
_ ) 2. Whatis the solution for mounted
Desludging vehicles households where onsite
Size/Capacit | Number of | Ownership system construction is not Transfer
. possible? stations
v vehicles
Desludging cost per HH:
Cost of licencing per annum
Regulation
Faecal sludge o . )
. 1. How to ensure the HH desludge in given time periods?
Generation:
Current Demand:
uLe 2. How to ensure that trucks discharge in the treatment plant
Revenue:
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FSM CANVAS

Canvas
Behaviour change
Stakeholders | Change Method
Households
Desludging
operators
Farmers
ULB
Treatment Use of end products
Jumbers Cost Treatment capacity: @y
=
Treatment modules:
=
=
=
=
o
Location of land:
pw}
Sizeof land: =
=]
=9
SBC: =
Ll
CAPEX:
=
OPEX: i
H

7

Capacity building

1.

FSM plan?

What additional skill sets do the ULB staff require to regulate and monitor the
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DAY 3 SESSION 1: FEASIBILITY STUDY
Slide 2 Slide 3
Instructions What to present?
» Duration: 5 minutes per group + 2 minutes » FSM Canvas
for Q&A - What is the proposal for infrastructure
« Time keeper will signal at last 1 minute —What is the plan to ensure the infrastructure
remaini will be used as desired
aining - . ) o
+ Please try and complete all aspects of the * What is the learning from this exercise”
planning and stick to time for others to
present
Slide 4 Slide 5
Some additional information Some additional information
Faecal sludge generation rate: 0.00021 m3 per person per day Desludging truck Estimations
e
Treatment plant Estimaticns Capex Rs. 10.00.000 Rs. 15.00,000 Rs.22,00,000
:;h::umn; |mthlﬂI L m Opex.per  Rs.6,00000 Rs 800000 Rs 12,00,000
Capex Rs, 7.00.000 Rs 10.00.000 Rs. 800,000 L
Opex per  Rs 1,00000 Rs 50000  Rs 1,50,000 End Product specifications
annum
Arga (in Sqrm) 100 150 75 Watar 905 of inpul in KL
Bio solids 10% of input in Kgs
Bio gas 0.2 m3 per KL of FS




Groups Presentation

Summary
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Treatment

Sidgn D
udge Dryin

Beds 5 5

The thorough understanding of the
existing situation is essential to tackle the
right problems and to consider the right
constraints while developing solutions.
The first approach should be to gather a
broad understanding of the situation and
to know about all relevant issues and the
relations between them.

» Participants carry out preliminary
design of the treatment module
Sludge drying and planted sludge
drying bed

Day 3

Outcomes
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DAY 3

Objectives of

the session

SESSION 2: SLUDGE DRYING BEDS

Types of sludge drying bed
Working principle of sludge drying beds
Details of unplanted and planted drying beds

Slide 2

Introduction

= To achieve desired dryness of the FS bebore manually or
mechanically ermptying the drying bed

= Depending on the FS charactenstics, a vanable fraction, appoos:. 50
B0% of the sludge volume drains off as leachate

+ Beds are designed on the basis of Sludge loading rate.

+  Two lechniques for sludge drying

Sludge drying beds are one of the most natural ways
to dewater sludge. The sludge is dewatered by the
process of evaporation and percolation.

Sludge drying beds can be categorized into planted and
unplanted.

For more details refer to FSM Book (Strande, Ronteltap,
& Brdjanovic, 2014)

Slide 3

Unplanted Drying Beds

Few glimpses of Unplanted drying beds at Devanahalli.
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DAY 3

SESSION 2: SLUDGE DRYING BEDS

Slide 4

Working Principle

+  Two main principles:
= Evaporation of bound waler fraction and this process typically
takes place over & poniod of days b weeks.
- Percolabon of the keachale through sand and gravel. Typically
takes few hours bo few days.
« Sludge is deposited on each of these drying beds where it remains
unlbl the: desired moisture conent is achieved.
*  Subsequently mechanically or manually remaved for disposal of
furthar treatmant and reuse.

Principles under which the unplanted drying beds work,
namely: Evaporation and percolation. The percolated
leachate should be further treated.

For more details refer to FSM Book (Strande, Ronteltap,
& Brdjanovic, 2014)

Slide 6

Design Basis

Infuencing factors that need to be taken into consideration’
- Climate factors and the type of sludge to be treated

= Other parameters - sludge loading rate, the thickness of the shudge
layer, and the total bed surface

.+ Climatic Factors

+ Type of Fecal sludge

+ Sludge lcading rate

* Thickness of sludge height
* Number of beds

v
-
v
v

List of influencing factors which affect the design of an
unplanted drying bed can be seen above.

Slide 5

Components

B L3 D LA L e, Ml M

Figure representing the various components of an
unplanted drying bed.

Slide 7
Design Basis
Design consideration Description
+ Climate Factors ki
Rarfal
Tranapieation
» Types of Fecal Sludge e RO
Extent of digesson
» Sludge Loading Rate e
+ Thickness of Sludge Layer ~ Drets stech Shdge oy e s PO
by $0-100%
+ Number of Beds wwummmw

Summary of the influencing factors which affect the
design of unplanted drying beds.
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DAY 3 SESSION 2: SLUDGE DRYING BEDS

Slide 8 Slide 9

F'Ianted Drymg Beds |

Few construction pictures of an unplanted drying bed. A planted drying bed is a type of drying bed which
uses plants (macrophytes) to stabilize and dewater
the sludge.

. Picture of an operational planted drying bed.
Slide 10
Working Principle
Principle Description Slide 11
« Infiltration (percolation) w;mﬁmmmm C{Jmp{}nents
* Evapotranspiration B o 1 8 B B avaperain ough 1 s
and leaves
+ Stabilization/Mineralization Jo e o o e e et svassie ._,-_- T - :ﬁ”mfh"m,
Incrganic nutrents 1 | * Drainage layer
— 1I;.||_. * Plants
N Tranader of axygen nto the . Greating anamc and { " * Mesh
Oxygen Transfer :ﬁxﬁﬂmmw?@mm . JI.| _[_HL_]_“_ : g&"ﬁf}fs
= Ventilabon pipe
= DutletDrainage
pipe

The PDBs perform multiple functions of dewatering

(by percolation and evapotranspiration) and organic

load reduction (by stabilization/ mineralization and

oxygen transfer). The long retention time which PDBs . .
provide, which is upto 3 years, creates an environment Various components of a planted drying bed.
of pathogen removal.

Thus, the PDB works perform many additional
functions apart from dewatering.

For more details refer to FSM Book (Strande,
Ronteltap, & Brdjanovic, 2014)
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DAY 3 SESSION 2: SLUDGE DRYING BEDS

Slide 12 Slide 13

Design Basis

Plantation Types

A Macrophyle used in a PDB should have the following characteristics:

s Eibe salection Land use and access, Land avaiabiity and Site topography 'fﬂﬂmuﬂﬂﬂdmmﬂﬂﬂ

= Eanscture

= Flow straciures inlet and Crorimt characterahc
+ Ejslem e Loading rate. Stabdzation rale and Mumber of beds + lolerance 1o different waler levels and drought conditions
«  Gusdge wading heighl  Fixed based on humicty and transperation = Wolerance o extremes of pH and salinity

Cels and Linens

= high transpiration capacity

= Cimate and woather Ralaining water snd Resting period = deesp growing rhizome and rood system

+ Substrale Sand/GeaweiOther coarse media = ability t0 build new roots on the nodes when they become encased
e Iniigerious,; B i in sludge

- Ventilsmo Incragsed o and hydradic fow conditon

+ Fawding srviem :mﬁwmmmmmmmﬂﬂm”“ + readily avadable, indigenous and non-nvasive

Factors that influence the success of the design of
planted drying beds.

Points to consider while selecting the plant for the
planted drying bed.

....... _ . : .. — — .............. —

SRR nundatior, up io 80 om
Tyeha sp Catail Fiesh o marshes  Fond margins ‘Esasonal Iy pereranend

nundation, up e 30 om

Cypens papynn Papyns Freshiomannes  Pond margins,  Seasonal lo pernanend
ks unsss up 30 em
Eshirociad & Apisiops grEin  Freshon Brechih  bAarahes Saanannl [ pErERaASnT
WA inundabor, up %40 om

Various types of plants, their characteristics and
habitat summarized above.

Pictures of the various stages of the operation of the
planted drying beds.

References

Strande, L., Ronteltap, M., & Brdjanovic, D. (2014). Faecal Sludge Management: Systems Approach for Implementation and
Operation. London: IWA Publishing.
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Design of
Planted Drying

beds

The thorough understanding of the
existing situation is essential to tackle the
right problems and to consider the right
constraints while developing solutions.
The first approach should be to gather a
broad understanding of the situation and
to know about all relevant issues and the
relations between them.

Day 3

Outcomes

Participants carry out preliminary
design of the treatment module
Sludge drying and planted sludge
drying bed
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DAY 3 SESSION 3: DESIGN OF PLANTED DRYING BEDS

Objectives of

Method of making calculations to arrive
at the design estimates

the session

Slide 2 lide 3

Design problem:

Planted Drying Bed Assumptions

A, Population: 40,000
B. Faecal Sludge Generation rate =

= Designing a Planted Drying Bed using {Assumption : 0.00021 m3 per person per day)

the given parameters
= Data and calculation provided in the

sheets
Refer to the activity sheet for the design problem Assumptions made in order to calculate the amount
and the parameters. The participants are expected to of faecal sludge and the quality of faecal sludge

follow the steps according to the consequent slides.
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DAY 3 SESSION 3: DESIGN OF PLANTED DRYING BEDS

lide &4

C. Faecal Sludge generated per day =
= (A) x (B)

lide 6

D. Total Solids in Faecal Sludge ( in Kg/M3)

(Range : 20 ~ 50 kg/m3)

E. Total solids loading per day (in Kg/day)=
(D)X (C)

lide 5

C. Faecal Sludge generated per day =
= 40,000 (A) = 0.00021 (B)

=8.3 m3
= 9_!113

lide 7

D. Total Sclids in Faecal Sludge { in Kg/M3) =

=30 kg/m3
(Range : 20 ~ 50 kg/m3)

E. Total solids loading per day (in Kg/day)=
= 30kg/m3( D) X 9m3(C)
=270 kg/day
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DAY 3 SESSION 3: DESIGN OF PLANTED DRYING BEDS
lide 8 lide 9
F. Total Solids loading per annum { in Kglannum) F. Total Solids loading per annum (in kg/annumy}
= (E} X { 300 ~ 365 days)

= 270 ka/day(E) X 300 Days( 300 ~ 365 days)

= 81,000 kg/annum

lide 10 lide 11
. Sludge loading rate ( in Kg Ts/annum/m2) G. Sludge loading rate ( in Kg Ts/annum/m2) =
= =200 Kg TS/m2/Annum
(Range 150 — 250 Kg TS/m2/Annum) (Range 150 — 250 Kg TS/m2/Annum)
H. Area required for drying beds (in m2) = FIG H. Area required for drying beds (in m2) = F/G
= (F)/ (3) =81,000 kg/Annum(F) / 200 kgTS/m2/Annum(G)

= =4Q§ me2
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DAY 3 SESSION 3: DESIGN OF PLANTED DRYING BEDS
lide 12 lide 13
I. Drying time = Days)
{Assumption : Hot areas = 4-6 days, Cold I. Drying time = & Days

areas 8-10 Days)

J. Area of each bed (in m2) = HIl

(Hy(1)

lide 14

K. Number of beds = (1) x 2 + Beds for
maintenance
= (1) X 2 +Beds for maintenance

L. Freeboard (in m) =

(Loading period 12-18 months ~ 1 metre.
18-24 months ~ 1.5 metre)

{Assumption : Hot areas = 4-6 days, Cold
areas 8-10 Days)

J. Area of each bed (in m2) = Hfl
=405 m2 (H) / 6 Days (I}

=67.5 m2
(L=9 m, B=7.5m)

lide 15

K. Mumber of beds = (1) x 2 + Beds for
maintenance

=6 Days(l) X 2 + 2 Beds

=14 Beds

L. Freeboard (inm)=1m
(Loading period 12-18 manths ~ 1 metre,
18-24 months ~ 1.5 metre)
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DAY 3 SESSION 3: DESIGN OF PLANTED DRYING BEDS

Slide 16
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Treatment
concept -

Effluent

Treatment

Feacal sludge treatmentdoesn’t stop with
just stabilizing the solids. The effluent/
percolate has to be managed. For this
purpose, natural treatment processes
such as DEWATS which primarily employs
anaerobic treatment are preferred.

Session 4

Outcomes

This section provides information
on suggestive treatment options for
effluent/percolate and also provides
the design specifications.

Participants can list and understand
the components of effluent treatment
and design it
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DAY 3 SESSION 4: EFFLUENT TREATMENT

O bj e Ct i "e S Of Characteristics of effluent

Treatment mechanisms for of effluent treat-
ment

the session

Slide 2 Slide 3
What is effluent ? Liquid Treatment Approach
= Effluent is the liquid portion of fascal sludge that = Primary Treatment
rcolates through the sludge drying beds. Itis ! ; : g :

5?59 the 5upqma%ﬂm wlhir.:h E,umg #ﬂm the liquid To remove organic and inorganic solids by the physical
solid separation stage in FS treatment. process of sedimentation and floatation

= |t requires further treatment = Secondary Treatment

* Almaost 90 % of the quantity of the faecal sludge is T diszolved and lcidal betal fro
estimated to percolate through the bed and reach o remave |s1.m ¢ a_ coliolal stbslances "
the effluent treatment modules wasltewater by microorganisms

= Tertiary Treatment

To remove specific substances from wastewater using
biolegical, chemical and physical treatment methods

Effluent comprises of the liquid separated from the The approach adopted to treat the effluent follows
faecal sludge in the beginning and the leachate coming the conventional treatment stages, namely: primary,
from the sludge drying bed. secondary and tertiary treatment.
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SESSION 4: EFFLUENT TREATMENT

Slide 4

Liquid Treatment Options

Sequential Baich

i
Activaled Sludge Moving Bed Bio Reactor!
Process Frusfized Asmobs: Biomacio
Membrane Bioreacior Trickling Filtar

Up-fiow Anacrobic
Sludge Blanket (LUSAB)

Ratating Biological
Contactor

Summary of all the technology options for liquid
treatment from the faecal sludge treatment plant.

Slide 6

Settler (ST)

Primary Treatment Unit

= Consists of 2 compartments

* Second chamber approx. 0.5 x length of first chamber
Retaining of settling particles through sedimentation
Retaining of scum/floating particles on top

—=Effluent is free of setileable solids
* Dissolved and suspended

matter passes untreated to 3% [ o
.l
next stage i .

It usually has two compartments.
Settleable solids settle in first chamber, some solids
move to second chamber and settle there.

Slide 5

SETTLER (ST)

Settler | ABR | AF | PGF | SCF | UV and Chlorination

Settler or settling tank is a primary treatment unit of
the effluent.

Slide 7

Settler (ST)

Primary Treatment Unit

= To prevent blocking: inlet and outlet as T-pipe

* Qutlet should be approx. 20 cm lower than inlet

» Settied particles accumulate as sludge at the bottom
» Desludging necessary every 1o 3 years
+ No manual emptying, use vacuum truck or similar

When the settler is desludged, some sludge
should be left in the settler as it contains beneficial
microorganisms that support the treatment process.
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DAY 3

Slide 8

Settler (ST)
Primary Treatment Unit
= Production of bicgas from decompaosition of organic
matter
« Replace with biogas digester if reuse of biogas is
possible
+ Seftlers need a vent pipe to release gas
* Suitable for all climates
* Retention time: in DEWATS
approx. 2 hours

:‘:ﬂ. 5 £ T

BOD removal efficiency:

Even though, the design is similar to a stand-alone

septic tank, there are differences:

= A septic tank has a longer retention time (up to
several days)

» A settler is smaller because it is not a collection
device (like septic tank) and there are further
treatment modules following

BOD and COD removal is mainly due to settling of
settleable solids.

Slide 10

Settler (ST)

Primary Treatment Unit

Left up:

Integrated settler + anaerobic baffle reactor

Right up:

Openings in settler divider wall

Right down:

Openings and gas vent pipe in divider wall

Left down:

Connection of inflow and outflow pipes (without
T-pipe at this stage)

SESSION 4: EFFLUENT TREATMENT

Slide 9

Settler (ST)

Primary Treatment Unit

A Settling tank or settler during construction.

There are two settlers and a collection tank in the
middle.

Slide 11

Settler (ST)

Primary Treatment Unit

Left up:

Closing settler with cover slab during construction
Left down:

Finished settler with connections for gas vent pipe
and missing manhole covers

Right:

Finished double settler with vent pipe and inlet and
outlet register
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Slide 12

ANAEROBIC BAFFLED REACTOR
(ABR)

7| ABR | A and Chionnation

Anaerobic baffle reactor provides secondary treatment
of the effluent.

Slide 13

Anaerobic Baffled Reactor (ABR)
Secondary Treatment Unit
= Anaercbic treatment
+ Absence of free oxygen
= Wastewaler passes series of up-flow chambers
+ Built-up of active microbial sludge blanket
+ Biclogical treatment

= Treatment (degradation) of suspended and dissolved
solids by increased contact

time with anaerobic bacteria “f

Anaerobic Baffle Reactors digests the organic matter
in the effluent with the help of anaerobic bacteria. An
ABR is a tank with a series of baffles which creates a
continuous upward movement of effluent through a
sludge blanket.

Sludge blanket will be lower from chamber to
chamber due to decreasing organic load (=food for
microorganims).

It will be higher at end of the chamber due to hydraulics
(water comes in at front and displaces sludge to the
rear of the chamber).

For more details, refer to (Participants Kit)
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Slide 14

Anaerobic Baffled Reactor (ABR)

Secondary Treatment Unit

= BOD removal efficiency up to 95%
= Design parameter;

* Retention time

= Temperature

* Mumber of chamber

« Up-flow velocity
= Desludging only necessary

when excess sludge is observed

Digestion of the organic matter in the ABR depends on

4 key factors:

1. Hydraulic retention time (HRT): It is a measure
of the average length of time that the effluent
remains in the ABR. This is directly proportional to
that of the contact time between wastewater and
microorganismes.

2. Temperature determines efficiency of the
treatment system. A temperature of 20-35 degree
Celsius is favourable for microbial growth while
a temperature outside this range reduces the
efficiency.

3. Number of chambers is directly proportional to the
HRT. More the chambers, more the HRT.

4. Up-flow velocity is fixed to be around 0.9 meter
per second.

ABR requires desludging only after about 10 years.
But, depending on sludge levels, mostly it is enough
to take excess sludge (i.e. more than 50cm) from
first chambers and put them into the last chambers.
In that way, no beneficial microorganisms get lost
for the treatment process. This reduces the need for
desludging further.
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Slide 15

Anaerobic Baffled Reactor (ABR)

Secondary Treatment Unit

= Rasistant lo flow fluctuations
= Start-up time
= Full efficiency after approx. & months (built-up of active
sludge blanket)
= “Seading” with sludge from other ABR can shorten start-up
time
* Suitable for all climates
Lower efficiency in colder

regions | | il s
= Effluent requires further treatment
or appropriate discharge e e

ABR is resistant to shock loads due to increase HRT
and baffled design.

An ABR, usually, reaches full efficiency after 6 months
of its start because the active sludge blanket takes
that much time to build up.

Slide 17

Anaerobic Baffled Reactor (ABR)

Secondary Treatment Unit

g

Left up:

Two street ABR under construction

Right up:

Baffled pipes

Right down:

Fixing of outlet pipes

Left down:

First chamber with baffled wall instead of pipes for
better flow distribution.

SESSION 4: EFFLUENT TREATMENT

Slide 16

Anaerobic Baffled Reactor (ABR)

Secondary Treatment Unit

ABR (10 streets)

Red arrow indicates the flow direction.

Slide 18

Anaerobic Baffled Reactor (ABR)

Secondary Treatment Unit

Left up:

Fixing of baffled pipes through the whole ABR. Use a
long pipe and align it horizontally with a scale, then
complete the baffle walls and cut the pipe at the end
of construction.

Right down:
Two-street ABR with cover slab.
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Slide 19

ANAEROBIC FILTER (AF)

Seftler | ABR | AF | PGF | SCF | UV and Chionnation

Anaerabic filter is also a type of secondary treatment
which leads to organic load reduction by providing
surface to the microorganisms to grow on filter surface.

Slide 21

Anaerobic Filter (AF)

Secondary Treatment Unit

+ Filter material used:
+ Gravel
= crushed rocks
+ Cinder
« specially formed plastic
pieces (comugated
pipes, bottle necks, etc.)
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Slide 20

Anaerobic Filter (AF)

Secondary Treatment Unit

* Anagrobic treatment (absence of oxygen)
= Wastewater passes series of up-flow chambers containing filter
material
+ Built-up of activated microbial sludge on filter material surface
+ Biclogical treatment
= Treatment (degration) of suspended
and dissolved solids by extended
contact ime with anaerobic bacteria
= BOD removal efficiency up to 95 %
= Desludging only necessary when
excess sludge is observed

Active microorganisms will grow on filter surface and
porous filter material allows for enhanced contact to

wastewater.

BOD and COD levels are reduced due to digestion of

organic matter by microorganisms.

For more details, refer to (Participants Kit)

Slide 22

Anaerobic Filter (AF)

Secondary Treatment Unit

-2

Left: Production of perforated slab
Right: Support for perforated slab
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Slide 23 Slide 24

Planted Gravel Filter (PGF)

Tertiary Treatment Unit
= Aerobic treatment (presence of oxygen)

* Root of plants and void in filter material provide oxygen
PLANTE D GRAVEL FI LTER = Water height in filter controlled by swivel pipe
(PGF) « Usually 0.80 m
Seftler | ABR | AF | PGF | SCF | UV and Chiorination * Sub-surface flow flow (prevent mosquite breeding)

= Horizontal, sub-surface flow

= Wastewater needs
pre-treatment before we
entering PGF

Planted Gravel Filter provides tertiary treatment to the

The planted gravel filter enriches the effluent with
effluent by means of removal of colour and odour.

oxygen, which penetrates into upper layers of water
through the filter pores and the root system.
For more details, refer to (Participants Kit)

Slide 25

Planted Gravel Filter (PGF) _
Tertiary Treatment Unit Slide 26

Planted Gravel Filter (PGF)
Tertiary Treatment Unit

Left: PGF grounding during construction

Right: with side walls
Up - left: PGF with filter material (gravel)

Up - right: PGF freshly planted plants
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Slide 27
Planted Gravel Filter (PGF)

Some plants commonly used.

Slide 29

SAND AND CARBON FILTER
(SCF)

Seltler | ABR | AF | PGF | 3CF | UV and Chlonnation

Sand and Carbon Filter is another tertiary treatment

mechanism to the effluent.
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Slide 28

Planted Gravel Filter (PGF)
Tertiary Treatment Unit

Fully grown PGFs.

Slide 30

Sand and Carbon Filter (SCF)

= Performance : Removes
Turbidity, TSS, celour, odour and
heavy metals

= Congists of. Graded sand
media, Activated carbon media

Partally baated
water fom Flanted
Gepved Fillar

SCF is used to remove the turbidity, TSS colour and
odour. A schematic explaining the working of sand and
carbon filter is shown in the slide.
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Slide 31 Slide 32

UV Filteration and Chlorination

UV FILTRATION AND * The fral tage o H
i QHL.QRI.NATION . . f:l.:r':emﬂ-ieued by -
Selller | ABR | AF | PGF | SCF | UV and Chlorination « UV filtration

« Chlernination

UV Filtration and Chlorination is the final step used for Final step in the treatment process is UV filtration and
disinfection of the effluent. chlorination in order to ensure disinfection.

References

Participants Kit. (n.d.). CDD Society .
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Design of a
Treatment

System

In most of the Faecal Sludge Treatment
Plants(FSTP), ease of construction,
capital cost and reuse infrastructure is
taken in consideration in great significant
in order to ensure a holistic approach to
environmental sanitation. However, one
should remember that a faecal sludge
treatment plant that is operated and
maintained efficiently has the potential
to be productive and long lasting. Even
well designed treatment technologies
often fail because of poor operation and
maintenance (O&M).

Operation and Maintenance tasks
become crucial once the plant gets
commissioned, it is observed from past
experiences that the performance of
treatment plant directly depends upon

Session 5

Outcomes

how well it is maintained and operated
regularly. The day-to-day operational
tasks are adopted for smooth
functioning and upkeep of the
treatment plant. The tasks are simple
and require basic training.

This session provides information
to participants in order for them to
carry out the routine specific and
critical tasks. It has been prepared
focusing on the detailed operation
and maintenance related activities
which need to be carried out to ensure
effective and efficient performance of
all of different infrastructure related to
faecal sludge treatment infrastructure.

» Participants are aware of the various
O&M requirements of the technology

options discussed during the training
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Objectives of

Activity based session to enable designing of
aFSTP

the session

Slide 2 Slide 3

What technologies have we learnt

far? Can we go back and design an
so far®

FSTP?

Recall the technologies learnt so far. All the treatment modules discussed in the training

need to be integrated based on the local context, the
function of the module and treatment objectives.

Slide 4

Slide 5

Activity Time!

Objective : To build a treatment
system ( FSTP)
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Slide 6 Slide 7
Materials
+ Chart
« Pictures of Modules
Lagoon ot andMe.2 o SRR R « Information on the modules
+ Case requirement
i Tank
- . sy
M Orelds River W |
i
@ Il'nk-l-i-!&ﬁ- LD @ I-nk—i-!&n- S
Slide 8 Slide 9
What you will need to do?
+ Understand the requirement
+ Select the modules
+ Place them in the correct sequence
Example

-

Connect them — process flow diagram
* Present your work!

Slide 10 Slide 11
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Slide 12 Slide 13

t=E+  Mechanical Dewatering

Slide 14 Slide 15

What will you present

1. What is the case requirement
2. What modules were chosen and why?
3. What is the end product?

4. What was the key learning from this
experiment?
PRESENTATION
Time for each team : 2 minutes
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O&M of Treatment
technologies -
Drying beds and its

effluent

Detailed Project Report is the base-document
for planning and implementing the Feacal
Sludge Treatment Plant. It provides details for
investment decision-making and helps the
reader to understand the technical, economic
and social details for the proposed faecal sludge
management plan. It is a detailed document
that guides an implementation process, it
also expresses the rationale behind various
assumptions and explains the method adopted
to validate various parameters considered in
decision making.

Session 6

Outcomes

This session elaborates the components of a
DPR document, the details that are encapsulated
in each of the sections. Also this session helps
the participants to learn and understand how
to review a DPR that is submitted to the local
decision making authorities for sewerage and
feacal sludge management projects.

» Participants are aware of the various O&M
requirements of the technology options
discussed during the training.
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Objectives of

the session

SESSION 6: DRYING BEDS AND ITS EFFLUENT

To familiarise with the operation and
maintenance procedures of the FSTP

Slide 2

Operation and maintenance

The day to day activities adopted to ensure
the

smooth functioning of the treatment system
and upkeep of a facility

D

Definition of Operation and maintenance and the
importance of O&M.

Slide 3

Difference between O&M

Oipsrakian Manlsnatics

Refars bo the aciivites which ensure || Refers to the acthvities which ensung
ihe desded guicoms of the plang the smaoth running of the plant

Operation are the activities that are required to ensure

that a faecal sludge treatment technology delivers

treatment services as designed

Maintenance are activities needed to avoid malfunction

or breakdown of the plant. Maintenance activities are of

two types:

= Planned or routinely performed activities

» Unplanned oractivities performed during emergency
situations to avoid breakdown.

For more details, refer to (Participants Kit)
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Slide 4

Ragitag ...'_. !
| P— [
I
Q&M
e W e W e e ]
Periodic Tl R

Planned O&M is further classified into two categories
namely, regular and periodic.

Slide 6
Treatment technologies
PFrelerdnary Solidfiquid Stabiliration | Oshar trastmmant
T AT Soparation ‘Trestrmant
m 5*'-“:‘"““ | E‘Wlﬂmlh'ruﬂh || I " s |
: -n:ud: Ca- vy || GeecrTuiber Bagi |
— Pluriati pal Sodid waite F——— e
Beds Aragrobic
I'#Mnm
[ Plared Sludge Dryirg Beds I

Activities which are part of O&M of feeding tank.
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Slide 5

Need for operation and maintenance

* Toensure desired functioning of the system
+ To ensure health and safety in and around the project
site

+ To eliminate cccupational hazards

+ To ensure sustainability and efficiency

Operation and maintenance procedures need to be
strictly followed not only in order to ensure that the
plant is functioning optimally, but also to eliminate
occupational hazards. FSTP deal with human waste,
which is a type of hazardous waste. Hence, it has to
be handled carefully. The safety of those who are at
the plant is of outmost importance. This includes not
only the staff, but also the cesspool operators coming
to dispose off at the plant, the visitors to the plant and
anyone who is at the premises of the plant.

Slide 7

1. Feeding tank
-

During 1he feeding of
Faecal Shudge into the
Sereening Chamber,

Every time kad & from
cosapool bruick

Activities which are part of O&M of Screening and grit
chamber.
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Slide 8 Slide 9
. 2. Screening and grit chambe
1. Feeding tank . g é S

Cleaning of the soeen =  Accumulation of salid + Dnce in & week
bars WilatE = [EviEry Ume SCneen B
= Diostrscion of fow dlagged

Activities which are part of O&M of screening and grit
chamber.

Slide 10

Slide 11
2. Screening and grit chamber

2. Screening and grit chamber

Activities which are part of O&M of Sludge drying bed.
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Slide 12 Slide 13

3. Stabilization Reactor 3. Stabilization Reactor
_ =

Py
Wy

Checking for scum in first Accumulabon of scum leads Every time the shadge load
chambsar b clogging anters Stabilization reactor
{daity]

Check for blockage in the Pips obstruction causes to  Every time thers 5 a
pipeline chamber ovearfiow problem with the flow of

shdge

Activities which are part of O&M of at stabilization
reactor.

Slide 15
Slide 14

3. Stabilization Reactor

Checking firsd chambar

3. Stabilization Reactor
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Slide 16 Slide 17

4. Sludge Drying Bed: 4. Sludge Drying Bed:

P sl I _h AN T A L

Cpening! closing of the Ta input the shudge inlo the  Everyday
bed

Viltid

Remenval of dried siudge Ta collect the dried sludge Evoryday [ dfforent bed
[T T aach day)
To make the bed ready for
the next load

Activities which are part of O&M of sludge drying beds.

Slide 18 Slide 19
4. Sludge Drying Bed:

5. Planted Drying Bed
Regular Operation and maintenance of PDE

Activity Why? Frequency
Check for Strong odour Caould be because of Everyday
leakage/ clogging of fier
Remaval of dry leaves or Could decrease the qualty Evenyday [ different bed
litier on he bad surface of reatment aach day)

Prevent mosquit/ fies Could pose risk 1o health  everyday
and sabety

Activities which are part of O&M of planted drying beds
(Regular).
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Slide 20 Slide 21

5. Planted Drying Bed

Poriedic Operaticn and maintenance of PDB
Activity Why? Frequency

5. Planted Drying Bed

Washing of filtler materials  Clogging of the fifer Once in 2-3 years
material has to be removed

Harvesting and replacemnent  Plants attain maturity and Once in 3 years
of plants nead fo ba replaced

Rameyal of drisd siudge Dried sludge io be collected  Once in 3 years

for reuse
Replacement of periorated 10 bme, perforated pipes Qncein 1- 3 years
coliection pipe can clog

Activities which are part of O&M of planted drying beds
(Periodic).

Slide 22

Slide 23

5. Planted Drying Bed
6. Settler

Desludging:
_____ o Wny?

hmmmd
=To provide requined resention fime far the
wistewaler

Activities which part of O&M of settler desludging.
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Slide 24

6. Settler

Descumming:

Settler descumming.

Slide 26

8. Planted Gravel Filter

Check for swivel pipe:

—

T
i Lo S

= To enswe efMclent usage of fter media
Tar washewaler reatment

= T avoid fiooging

= To awoid mosguita growth due to Booding

= Onca in-a manth
= O, in th following cases

—The water level is observed on iop
—Thare is dampness chaerved in the fiter
matarial

—There is ra plant growth

—Thene ts exncess Mosquite qrowtn

xre-

Checking for Swivel pipe of planted gravel filter.

Slide 25

SESSION 6: DRYING BEDS AND ITS EFFLUENT

7. Anaerobic Filter

Des!udging:

L

= To afow the requined nea fSow [Bo avodd
clogging] of wastewater through the finer
mediurm.

= To avold large quaniity of shudge
accumulation in AF and subsequen
Irealment module,

= To retaliabe the design trestment
eMciency to the afuant qualty

« Al be@st onca in & year

= ¥, in the foflowng cases

—Excess sludge obsarved in the
chambars of AF or in ihe subsagquaent
treatmend moduke,

=—Thers is a backBow i 1he inlel chambar
of na Now of wassewsler nla the
subsaguent treatment maodule

Sludge in the de-sludging pps

Soldifed fayer of siudge in de-siudging pipe

Desludging of Anaerobic Filter.

Slide 27

8. Planted Gravel Filter

ey ey - —
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Slide 28

8. Planted Gravel Filter

= To avold rotting of dead kaal Ifter in e = Cnca in s monsh
planted graved filier = o, in the foliowing case . . X
-hm:mﬂmmn inthe  —There is excess weed criand litter Removal of wearing of dead leaf litter and other litter
+ To maintain e cieaningss and 1o at planted gravel filter.
Increass aeathetics near the treaiment
i

References
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Components
and Review of

DPR
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Objectives of

Components of Detailed Project Report
Activity based session to enable reviews

the session

Slide 2 Slide 3
Components
DPR + Methodology
= Situation assessment
= DPFR Stands for Detalled Project Report - FSM plan - CDFICEpt
= |tie & cotabed document that guides an implameniation process, it also — CD]IEL‘-'IiDI‘I al‘ld cul‘lh’eyance

expresses (he rationale behind various assumplions and explains the - Treatment p!ﬂ nt
method adopted 1o valldate varnious paramelers condidersd in decision - Detailed p|an
making - Engineering
— Commercial

A detailed project report is an elaborate report which Components of a Detailed Project report.

describes the existing situation, the problem and the
solution. Since it is a very long document, the reviewer
should be familiar with the framework of a DPR and the
components to look for in it.
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Slide 4

Situation Analysis

How did we arrive at the trealment capacity?
How was the treatment concept selected?
How was the site for a treatment plant selected?|

Data Points. * Household
+ Private cesspool
aperators

|Data Collection methods. - Survey
+ Group discussion

Data Analysis * Formula and concepts
used

= Quanttative fechnigues for ressarch fo be ised

Situational analysis or baseline assessment is the key
component of any DPR because it is a detailed analysis
of the problem at hand.

Slide 6
Treatment

+ Diagrammatic representation of vanous modules
Concopt M- |- Reltvance of modules and sutput

o i Ditails . - Wmmmmmrmm

= Relenbon time! Organic laading rates
= Outpul characionistics
Process flow

Detailed Dranwi + Datailed drawings of indivieual companents
Drawing —ly {igesnel Tor drawing, structural approvaly

+ Master plan

- Hydraullc fow ciagram
Estimated and BN [+ Bill of quantties
BOQ + Scnedule of rates/ rate analysis

The solutions pertaining to treatment section should be
on the lines of the above mentioned items.

Slide 5

Collection and Transportation

« Estimate of asset utilisation

Technology |. Demand for infrastructure

« Technology for collection - specifications

+ Technology for fransportation - specifications

11

= Supplier or manufacturer
+ Costs
+ Procurement plan — tendening docurment

Commercial

The solutions pertaining to collection and transportation
section should be on the lines of the above mentioned
items.

Slide 7

Treatment

Once we have the drawings and BOQ what next?

Construction

= [Fonmat for lendening = BOO
“m’“" — | Eligitility criteria for contractar
Operational and = Regular operational activilies
Mairmenance = Pro-aciive mainbenanoe
plan Maonitanng protocsl
« List of spares and tools
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Slide 8
Sustainability plan
» Capital expenses 1 r 3
# Oparaton expenses = a
_ + Sources of funding - -
= Cash Now = 10 year horizon 7 i

Fi »

{ i
- - \‘ » Training nescs of ULS stalf - mandoring and
] Adminisratve Eﬂ Planning
! = Training of oparator

= Traiming of canstruction confracior

= Monsaning and adminstratien of FSM vemcal
» Finance and S0COUNS

Irstituticnad Planning

The solutions pertaining to treatment section should be
on the lines of the above mentioned items.

Slide 10
Templates
|+ O&M b doctamant
+  Commissioning cerficabe —
*  Construction bendenng decument D
|+ Monaring protocel and femplats —_—
+ PPV relaied document
Annexure
e + Data collection instruments
+  Data tables

+  Procesdings from consultation workshops

»

SESSION 7: COMPONENTS AND REVIEW OF DPR

Slide 9
Action Points
Vrtieal Short term | = 5 yeara) | Long term | 5- 10 years)
Irfrastnictune Lang desdludging ppes Senall vehiclhes i with
ond impraved pumaing  medified deslusging
Financzal Eoft kaans for Taxation and paluter pay
infrasiructurn mioded
Cagactty O&M training of opesalor  Capaclly building of ULB staff
Institutional Additional cuty for existing  Inchusion of FSM vertical
st
« Impiaenting Sgencies fo be RghigRied for vAROUS B0l0n paint

For the listed verticals, action plans for short term and
long term is summarized in the table above.

Slide 11

Sample DPR and Tender
Documents

References
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