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In lecture 32 we will talk about Sanitation Basics, Part II.
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Concepts Covered

» Sewage project plan
» City sanitation plan
» Sanitation and health

» Data and surveys

The concepts covered in this particular lecture are sewage project plans, city sanitation plans,

sanitation and health, and the different data requirements and surveys.
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Sewage project plan

Short term: 5 years. Temporary /immediate provision. On-site system. =

Medium term: 15 years from the base year.

If conventional seweTage system 15 not possible, Decentralizetﬁvstem of collection, transportation, treatment and
disposal/local reuse. e —— — —_
e

Long term: 30 years from the base year.

Conventional sewerage system,

# Transition can be gradual considering population growth in the area and funding limitations.
# City sanitation plan considering an optimum mix of the above 3 types of systems.
e —

Q Prohibit open defecation by provision of individual and ¢ ity toilets

Q Conversion of insanitary toilets to sanitary toilets and provision of properly designed septic tanks.
Q Decentralised sewerage system where water is scarce.

{0 Septage(septic tank content) management: Desludging, transportation, treatment and disposal .
a Mechanflaﬂm;afe'ﬁ improvement: SewFf‘s,'sepric tank jam{ng = s
0 Conventional sewerage system: If 135 Ipcd otherwise augmentation of water supply.
O Recycling and reuse of treated sewage. . e———

Q Provision for public toilets.

Sewage Project Plan

Any kind of sewage project and its execution can involve different time periods; short
periods, medium periods, and long periods. A long time period is preferred for sewerage
network design, i.e., around a 30-year period as the timeline. At the end of 30 years from the
base year, we should primarily have a conventional sewerage system which is the standard
method to deal with sewage. However, this is not always a feasible option because of

financial and other reasons.

If a conventional sewerage system is not possible, then a decentralized system of collection
transportation and treatment, and disposal or local use is preferred. To design such a system,
15 years is recommended. We can even think of shorter time periods of 5 years when we can
provide onsite systems in case of immediate requirements. Onsite systems are when we
provide sanitation just for that particular building or may be a group of buildings and we are

able to treat or dispose of the waste in a proper manner.

So, an onsite system, decentralized system, and conventional sewerage system are the three

types of systems that can be designed.

The city will transition and the population will gradually grow. Consequently, the taxes will

become higher. In the absence of funding limitations, at the end of 30 years, we can have a



conventional sewerage system. However, initially, we can opt for onsite systems or
decentralized systems based on the requirements. So, a city sanitation plan can have an
optimum mix of all three types of systems. Even at the end of 30 years, based on the layout of
the city, the density of population, contours of the city, and other factors, we can have a mix
of three systems. Everything may not be converted into a conventional sewerage system

because sometimes it may not be technically feasible.

Open defecation must be prohibited with the provision of individual and community toilets.
There is a need for conversion of insanitary toilets to sanitary toilets and provision of a
properly designed septic tank. A decentralized sewerage system is employed where water is
scarce as many Indian cities do not have sufficient water. So, it is preferred to have a
decentralized sewerage system instead of a conventional sewage system. We should prohibit
open defecation by provision of individual and community toilets. So, this is the first point
that has to be achieved in an urban area, then conversion of insanitary toilets to sanitary

toilets with provision of properly designed septic tank can be taken up.

So, if there are insanitary toilets in an urban area; that means, it’s a normal pit toilet. We can
make it into a twin pit toilet with a pore flush system which are much more sanitary

compared to just a single pit system.

Decentralized sewerage system can be employed where water is scarce and many Indian
cities lack water resources. So, it is better to have a decentralized system there instead of a

conventional sewage system.

Septage or septic tank content management is one of the biggest issues in suburban and
semi-rural areas where there may not be a well-equipped municipality or the urban local body

to clean the septic tanks.

This involves desludging or cleaning of septic tank or toilet pit and eventual treatment and
disposal of the sludge accumulated in septic tanks. Thus rural bodies like a panchayath has to
have the capacity to provide this kind of services. Otherwise, we cannot have septic tanks in

rural areas.



Similarly, mechanization and safety improvement is mandatory as per law for sewers and
septic tank cleaning. Thus, if a minimum of 135 Ipcd water supply is not there, then we have
to augment the water supply otherwise, these systems will fail. Recycling and reuse of treated

sewage is also made mandatory now along with provision of public toilets.

So, these are the different mandates that a city has to achieve very fast to make our cities

adhere to different ODF protocols.
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Sewage project plan
. . Population forecast
Design period ——
Design period of sewerage components I'anduse forecast’
Design period, years =
slno, Component o0 B City master plan(CMP) ~
1 Land Acquisition 30 years or more (existing, proposed and phasing) .
2 Conventional sewers (A) 30 - — e -
3 Nonconventionalsewers(8) 15 = City sanitation plan(As per NUSP)
4 Pumping mains L R
T T GIS representation of sewerage network
- e
G T knpieg Mcinac = Totally Sanitized Cities
7 Sewage treatment plants 5 . —
& Efflent disposal 0 . Proiect area
15 or as the case may —
9 Effiuent utiization be - » Topography, building layout, administrative boundaries,
ey s Wb LD econo factors Janduse, landcover, CMF, et
(B) All types such as small bore, shallow sewers, pressure sewers, itk - —_ p
nctmieen’ # Drainage area may extend beyond administrative boundaries
(Source: CPHEEO (1993)) and legal and finantial restrictions may prevent extension.

Consideration of storm water flow from these areas.
» Forlarge projects it may be economical to design
sewers considering a certain time frame with

additional sewer extension as and when required.,
—_ —

So, similar to water supply projects, sewerage projects need to have a design period. In most
cases, the design period is 30 years, particularly for conventional sewers. However, for
non-conventional sewers like a decentralized system design period is for 15 years. Similarly,
for pumping main it is 30 years, pumping stations 30 years, machinery 15 years etc. Sewage
treatment plants have a design period of 15 years because it involves a lot of machinery. The

effluent disposal design period is for 30 years.

After choosing the designated design period for the project, we need to estimate the projected
population for the same. Then, the land-use forecast is required. This helps in understanding
how the expansion of the network would take place. City master plan tells us about the future
population forecast, the existing, proposed, and the phasing of the land use for different

Zones.



For preparing a city sanitation plan, the GIS representation of the entire sewerage network is
required. This not only helps in designing or augmenting the existing network but also helps

other utility providers and service providers to achieve sanitized cities.

Once that is prepared, there is a need to identify the extent of the project area. In the case of a
large area, it has to be broken down into catchments or zones. So, this depends on the
topography, the building layouts, administrative boundaries, economic factors, land use, land

cover, the city master plan of that area.

A major issue is when the drainage area extends beyond the administrative boundaries. Legal
and financial restrictions may prevent extension of our project into these areas. This is an
issue we need to be aware of because due to the existing slope the water from the adjoining
area may come to the area concerned or vice versa. So, this needs to be considered when we

design our system.

For large projects, it may be economical to design sewage considering a certain time frame
with additional sewer extensions as and when required. So, it is not feasible to develop the
entire network at a stretch. For this purpose, we need to do proper phasing and have extension

plans since we cannot lay down everything at once.
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City sanitation plan

EWS : Economically weaker
section
» Determination of existing
needs /demand or deficits.
» Funding and other limitations.
» Existing data, record, status,
perceptions,
expectations.(Primary and
secondary survey) Fﬁ —— —
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City Sanitation Plan

The first step is the determination of existing needs and demands or deficits. Then, the source
of funding for the projects has to be determined. There is also a need to collect a huge amount

of data, records and to understand the current status of the existing infrastructure.

The perceptions and expectations of people are very important. It gives us an idea about what
people want, how much they want, and how much they are willing to pay for such a service.

This can be achieved through primary surveys and secondary data sources.

A huge amount of data is required particularly for sewerage and drainage which is one of the

primary reasons why Indian cities have poor drainage and sewerage plans.

There could be multiple solutions in terms of technology and we have to decide which one to
choose from and then prepare an action plan with a step-by-step implementation strategy
concerning time frame. This involves deciding which zone has to be taken care of first and

which treatment unit is provided.

The next step is to consult with all the stakeholders and then propose the plans. Using an
example from the CPHEEO manual, a decision tree is used for selecting the technical option
of providing an onsite decentralized or conventional system for a particular area. The first
decision is to determine the kind of groups that needs to be catered for such as economically
weaker sections (EWS) or others. If EWS is chosen, the next step is to check for the
availability of toilets. If not, it is checked if the provision of toilets with septic tanks is
affordable by them or not. If yes, then we go for collection and disposal to the existing sewer.

If not, then we go for a decentralized system.

In the case of toilets being available, we check if those are unsanitary? If yes, then we try to
convince for conversion to an improved septic tank or johkasou system. If not due to lack of
funds, we can go for community toilets. Similarly, if toilets and septic tanks are not
affordable, they can go for community toilets. So, in this way, we can have a decision matrix
in which you can create your decision matrix for your area and you can determine what sort
of system is suitable. So, for example, for groups other than EWS, we can have a new

development or existing development. For existing development, should we opt for an onsite



septic tank? If yes, then we repeat the same steps as mentioned previously. If it is not, then
we can improve the septic tank and johkasou. So, once the treatment is done, the collection
and disposal are carried out. If the sewage volume is greater than 100 Ipcd and they are

willing to pay for it, they can directly go to conventional sewers.
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C|tv sanltatlon plan WASTEWATER MANAGEMENT
+  Coverage of toilets[100%) =
*  Coverage of sewage network services(100%) ~~
Spectly legal Technology choice OBM Service State and + Collection of efficiency of sewage
and up-gradation, New yith ey level network{100%) =
Regulatory investments, 06M ':“" reward o :
responsibilty Misagersant systems e lequacy of sewage treatment
capacity([100%) =
l / l * Quality of sewage treatment(100%] ~
Setilingup ly Fiing permanent Ctywide S Evauation Monitaring +  Extentof reuse and recycling of sewage(20%) »=
sanitation sk Institutional sanitation T of 100K, of 100% + Extentof cost recovery in sewage
forceand [=5  responsibityand =] Pl (CSP)and 5| pg puperison [~F| SeAEN =) Santation management{100%) <
implementing sanitation financing P Lol Lov + Efficiency in redressal of customer
agency Implementation roles ==n‘ﬂ—!-ﬂhm E complaints(30%)
l T - *+  Efficiency in collection of sewage charges(30%)
-
Mult-Stakeholder Baseline data collection and Spacial
Meeting, Public | o{ concurrent use of data In Initlal approaches ;
resolution and IEC actions, IEC campaigrs, and for sanitation Service level benchmarks
—_—
ampaign detaled planning ortha puor

Generic elements of planning, i ion and monitori evaluation of citywid

{source: MoUD, 2008 as reported in CPHEEO (2013))

City sanitation plan is not just a technical document, but also a financing document that
determines what kind of investment has to be there. It determines the kind of operation

maintenance, finance management and procurement required.

First of all, we need to set up a city sanitation task force and implementation agency. The
next task is fixing permanent institutional responsibility and sanitation implementation roles.
Even within a municipal body or an urban local body, we have to have a permanent
institutional responsibility and sanitation implementation role-specific only for sanitation. We
have to set up different groups and conduct multi-stakeholder meetings and public resolution
and IEC campaigns. Then based on that, we can look into the baseline data collection and
concurrent use of data in initial action IEC campaigns and detailed planning. So, we can see
baseline data collection and then deliberate on those data that we are collecting and analyze

the existing situation and focus on areas that need improvement.



Simultaneously, we have legal and regulatory responsibilities which determine what has to be
provided, the kind of technological choices for upgradation, new investment, and operation
maintenance management. The different options are to be chosen such as operation and
maintenance of service delivery systems such as the kind of delivery needed, either PPP
mode or contracts. Special approaches for the poor, capacity building, implementation and

management, and its supervision.

Once that is done, we have to evaluate what we can achieve. For this purpose, we have
certain rewards at the state level or the city level. Cities that can achieve certain levels may

get more funding. So, these are the different elements of city-wide sanitation plans.

Based on the different service level benchmarks, different parameters have to be achieved in
wastewater management including coverage of toilet which should be 100 percent such
coverage of sewerage network services, the collection efficiency of sewage, adequacy of
sewage treatment capacity, quality of sewage treatment, the extent of reuse and recycling
(20%), the extent of cost recovery in sewage management, efficiency in the redressal of

customer complaints (80%)and efficiency in collection of sewage charges (90%).
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Sanitation and health

# 80 % of the diseases in human beings are water-
borne and water-related.
(5 Water pollution and water logging.
—_— —_—

Burden of water related diseases in India, 1990 (In million of DALYs}
—

Diseases. Female Male Total

Diarrheal diseases 1439 1364 2803
Intestinal Helminths 1 106 206
Disability-Adjusted-Life-Years (DALY): Trachoma 007 oM o
; Hepaitis 07 014 03
Measure of overall disease b»urden, expressgfj asthe PR
number of years lost due to ill health, disability or early related diseases 1563 1488 3051
death. —_— — (Source: World bank, 1993 as reported in CPHEEO (2013)) o’

World Health Organization (WHO)
s

Improved sanitation services:
Redugtion in morbidity: 26 % diarrhoea, 27 % trachoma, 29 % ascaris, 77 % schistosomiasis and 78 % dracunculiasis.

Mean reduction in diarrhoea-specific mortality: 65 %
—
Reduction in overall child mortality: 55 %. S S— (Source: Esrey et. al., 1991)

—

» The cost of deficient sanitation services costs India $54 billion or 6.4% of GDP in 2006.
» $38.5billion(70%) due to diarrhea.
—

(Source: The Economic Impact of Inadeguate Sanitation in
India, Water and Sanitation Programme [WSP])

Sanitation and health



A major issue of sanitation and sewage treatment services in an urban area is public health.
Sanitation and health are intrinsically linked. Around 80 percent of the diseases in human
beings are waterborne and this is primarily because of water pollution and waterlogging.
There is a need to prevent both of these issues. WHO wuses the term
Disability-Adjusted-Life-Years (DALY), which is a measure of overall disease burden,
expressed as the number of years lost due to ill health, disability, or early death. This is
expressed in the total number of years a person loses in his life. In India, in 1990, there was a
study and the value is in millions of DALYSs. For the entire urban population in India in 1990,
14.39 million days are lost by females and 13.6 for million days are lost by the male which
could have been put to much productive use and generated money. Total waterborne and

water-related diseases comes to around 30.51 million DALYsSs.

We need to understand what would improve sanitation services and how can we reduce
mortality and morbidity. Morbidity refers to regular ailments due to diseases and mortality
refers to the death. It’s very difficult to say what kind of improvement leads to what kind of
disease reduction. So, we cannot have a direct correlation. In general terms, based on
different studies, morbidity can be reduced by 26% from diarrhea, 27% from trachoma, 29%
ascaris, 77% schistosomiasis and 78% dracunculiasis. We can also prevent 65 percent of the
deaths resulting from diarrhea and a reduction in overall child mortality would be 55 percent.
These are massive figures which can be achieved with the improvement in sanitation
services. In terms of the cost estimate, the cost of deficient sanitation services in India
amounts to around 54 billion dollars which is 6.4 percent of the GDP in the year 2006. This is

the amount of money we lose which if we could have invested in sanitation services.
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Data and » Topography or elevation difference (design of sewers, location of STP, outfall and disposal works)
¥ Subsoil conditions Sl e
Surveys # Depth of groundwater table and its fluctuations (3 trial bores or 3 trial pits per hectare in absence of data)
» Contour map of the area (superimposed on the village/town/city maps il S
» Earthquake = s,
»# Survey of India maps
# Land use e
» Type and number of industries (Potential reuse and discharge of sewage)
» Location of streets and adjoining areas Eeye=
» Population density and trends of population growth
» Historical and socio-economic data
# Underground structures like storm drains and appurtenances
» Utility services like house connections for water supply & sewerage
# Electric & telephone cables and gas lines,
¥ Existing drainage and sewerage facilities and data related to these facilities
» Effluent disposal sites and their availability.

Secondary sources.

Physical Characteristics

Sewerage master plan and related sewerage plans

(Design langitudinalsectign, transverse section, Design flood level and corresponding flood flow, Design low flood
% —_—

level and corresponding flow)

Development plans for cities and towns

Planning area, urbanization zone & control area, Landuse & Road Network plan , Residential & industrial estates.

Water supply Plans ~

Data and surveys

Different kinds of data collection and surveys have to be carried out to prepare sanitation
plans, drainage plans, and stormwater networks. Data is both from secondary sources as well
as primary sources. We will require data on topography (elevation difference influences
design of sewers), location of STP, outfall, and disposal work. The entire network design is
based on topography, subsoil conditions, moisture content, groundwater table, and its
fluctuation. If we are designing such systems in an area with no available data, then we have
to conduct actual field surveys. For that, we need to do three trial bores or three trial pits per
hectare in absence of data. Other details required are contour map superimposed on the
village, town, or city maps. Earthquake information, the survey of India maps, land use maps,
type and number of industries which determines potential reuse and discharge of sewage are
also required. Location of streets and adjoining areas detail, street networks maps, population
density, and trends of population growth, historical and socio-economic data are also
required. Detailed data on the existing infrastructure such as underground structures like
storm drains and other sewer appurtenances are needed. Location of utility services like water
supply and sewerage, electric and telephone cables and gas line needs to be known so we
don’t harm them while laying down new lines. Existing drainage and sewerage facilities and

data related to these facilities, effluent disposal sites, and their availability are some of the



general data that we require. If there is a sewerage master plan and related sewerage plans for
a particular urban area, we use that as our secondary source. This will include longitudinal
and transverse sections of different channels or streams, both natural and artificial. For
certain segments, we take longitudinal sections as well. Another important source of data is
the development plans for cities and towns which gives us data on urbanization zone, control
area, land use, and road network, and all the different information on residential and

industrial estates and water supply plans for a particular city.
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Data and surveys

» Flow in sewers and sewers of similar areas to assess the flow characteristics
» Problems of maintenance of existing sewers
» Generated pollution load
» Data on quality and quantity of sewage from large factories, offices, etc.
» Data on wells
¥ Data on standard unit pollution loads from different sources,
» Data on existing water quality and flow in water bodies at the time of sampling.
¥ Data on environmental standards for water quality.
» Utilization of existing water bodies and future plans related to uses+
» Existing conditions and future plans related to water supply,

Secondary source

Sewage quantity,
flow and quality
Primary survey/

)

¥ Societal preferences and local habits ,
¥ Status of institutions/government
» Survey on Treated Sewage, Sludge and Biogas Utilization

Sewage: Development of forestry, greenbelt development and lawns in road medians

Sludge: Use in farm forestry, As an alternative energy source (biomethanation), As a construction
; _ ' —

material (as porous pavements, bricks, etc.)

Reuse of treated sewage to a minimum extent of 20 % by volume.
T m—

Sewage quantity, flow, and quality of that particular urban area are obtained from secondary
sources as well. It is sometimes required to measure the flows in sewers of similar areas to
assess the flow characteristics problems like daily fluctuations, weekly fluctuations, and peak
demands.The nature of the sewage, problems of maintenance of existing sewers is required to
be surveyed to identify the choke points or to understand where people dispose of garbage.
Total pollution load, sewage generated, the BOD is also required.Data on quality and quantity
of sewage from large factories, data on wells, standard unit pollution loads from different
sources, existing water quality of flowing water bodies at the time of sampling,
environmental standards for water quality, utilization of existing water bodies in plans and

existing condition and plans related to the water supply are also required.



So, we need to understand how the city is planning to augment its water supply and then we
have to relate the sanitation plan with this as well. In addition to this, we need to understand
the societal preferences and local habits through surveys and then the status of institutions
and governments because they are the ones who are going to implement these particular
projects and policies. Survey on treated sewage sludge and biogas utilization is also required
to understand if there is potential for reuse. So, sewage could be used in the development of

forestry, greenbelts, lawns, and road medians.

So, we need to find uses for treated sewage. Sludge could be directly used in farm or forestry
or as an alternative energy source in bio methanation and as a construction material. Then, it
becomes economical to a certain extent or we can recover some of the charges. So, reuse of

treated sewage to a minimum extent of 20 percent by volume is recommended.
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Data and surveys

# ULBS' existing loans, commitments and policies (affects financing of new project )

» Government loans, grant-in-aid, loans from banks and institutions (Life Insurance Corporation, Industrial
Development Corporation, HUDCO, International Bank for Reconstruction and Development etc.)

» Present tariff and recovery of charges from different category of consumers.

» General capacity of community te pay service

» Cost of construction, operation and maintenance

» Tax Levies, Acts and Rules

Fiscal Aspects

Other issues

Administrative boundaries and merger of adjacent communities
Feasibility of multi-regional or multi-municipal systems
Bt ol Ll

In addition, we need to understand the other aspects particularly related to the ULB because it
is the ULB that is going to implement these kinds of infrastructure projects. The existing
loans, commitment, and policies of the ULB needs to be looked into and how it will affect the
financing of new projects such as existing government grant in aid, loans from banks and
institutions like LIC’s, industrial development corporation, HUDCO and international bank

for reconstruction and development.



Different banks give loans and long-term loans at smaller interest rates for this kind of
project. Thus, present tariff and recovery of charges from a different category of consumers,
general capacity of the community to pay for this kind of services if the community is not
able to pay also needs to be assessed. Then we also need to consider cost of construction,

operation and maintenance, taxes, levies, ACTs and rules.

In addition, there are other issues such as administrative boundaries. Merger of adjacent
communities sometimes help in designing the networks and increases the feasibility of

multi-regional or multi-municipal system which may result in more efficient services.
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City sanitation plans should be developed idering an opti mix of on-site, decentralized and
conventional sewerage system.

The cost of sanitation should be equated with health.

A wide variety of data is required for preparation of sanitation plans which is sometimes poses a big challenge.

Conclusion

So, to conclude, a city sanitation plan should be developed considering an optimum mix of
on-site, decentralized, and conventional sewerage systems. The cost of sanitation should be
equated with health, only then can we justify the cost of the infrastructure. A wide variety of
data is required for the preparation of a sanitation plan which sometimes poses a big

challenge, particularly in the Indian context.
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So, these are some of the references you can study.

Thank you.



