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CHAPTER1 INTRODUCTION

Perhaps we need to be reminded what Gandhiji said “For India, Sanitation is more important
than Independence”.

1.1 PREAMBLE

Over the years, there has been continuous migration of people from rural and semi-urban areas
to cities and towns. The proportion of population residing in urban areas has increased from
27.8% in 2001 to 31.80% in 2011. The number of towns has increased from 5,161 in 2001 to
7,935 in 2011. The uncontrolled growth in urban areas has left many Indian cities deficient in
infrastructural services as water supply, sewerage, storm water drainage, and solid waste
management.

Most urban areas inhabited by slums in the country are plagued by acute problems related to
indiscriminate disposal of sewage. Due to deficient efforts by town/city authorities, sewage and
its management has become a tenacious problem and this is notwithstanding the fact that the
large part of the municipal expenditure is allotted to it. It is not uncommon to find that
substantially a large portion of resources is being utilized on manning sewerage system by
Urban Local Bodies (ULBs) for their operation and maintenance. Despite this, there has been a
progressive decline in the standard of services with respect to collection, transportation,
treatment and safe disposal of treated sewage as well as measures for ensuring safeguard of
public health & hygiene and environment. In many cities and towns in the country, a large
quantity of sewage remains unattended giving rise to insanitary conditions in especially densely
populated slums which in turn results in an increase in morbidity especially due to pathogens,
parasitic infections and infestations in all segment of population particularly with the urban
slum dwellers.

Sewerage and sewage treatment is a part of public health and sanitation, and according to the
Indian Constitution, falls within the purview of the State List. Since this is non-exclusive and
essential, the responsibility for providing the services lies within the public domain. The activity
being of a local nature is entrusted to the ULBs, which undertake the task of sewerage and
sewage treatment service delivery, with its own staff, equipment and funds. In a few cases, part
of the said work is contracted out to private enterprises.

Cities and towns which have sewerage and sewage treatment facilities are unable to cope-up
with the increased burden of providing such facilities efficiently to the desired level. Issues and
constraints that are encountered by the ULBs responsible for providing sewerage and sanitation
facilities are compounded due to various reasons. The main cause of water pollution is the
unintended disposal of untreated, partly treated and non-point sources of sewage and more
important is its effect on human health and environment.

The reasons for the above cited position are:

1. Almost all local bodies not being financially resourceful to self-generate the required
capital funds and looking up to the State and Central Governments for outright grant
assistance.

2. Lack of institutional arrangements and capacity building to conceive planning,
implementation, procurement of materials, operate and maintain the sewerage system and
sewage treatment plants at desired level of efficiency.

3. The fact that the collected sewage terminates far away beyond the boundaries of the ULB
and is a “out of sight, out of mind” syndrome.
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4, The high cost of infrastructure investment, continual replacement and on-going O&M
costs of centralized sewerage system (CSS) facilities take these systems beyond the
financial grasp of almost any ULB in the country.

5. It is also necessary to recognize that the practice of piped sewer collection is basically an
inheritance from advanced countries with high water usages, which ensures adequate
flushing velocities in their high per capita water supply rates and do not result in night-
soil lumps settling down in pipes and do not result in choking and sulphide gas generation
whereas in the Indian scenario, the per capita supply is low and inequitable in many cities
and that too intermittent and this results in settling down of night-soil, choking,
gasification etc., which necessitates very often the extreme remedies of cutting open the
roads to access and break open the pipes for rectification, etc.

While the conventional sewerage may be an effective system for sewage collection and
transportation and treatment, it also remains as a highly resource-inefficient technology.
Consequentially, high capital cost and continuing significant costs for operation and
maintenance of this system prohibit its widespread adoption in all sizes of urban areas in the
country.

There has been no major effort to create community awareness either about the likely perils due
to poor sewage management or the simple steps that every citizen can take which will help in
reducing sewage generation and promote effective management of its generation and treatment.
The degree of community sensitization and public awareness is low. There is no system of
segregation of black water (from toilets) and grey water (other liquid wastes) at household level.
In most of cities and towns no proper service connections have been provided to the toilets
connecting to sewer collection system.

1.1.1  Need for Safe Sanitation System

Sanitation can be perceived as the conditions and processes relating to people’s health,
especially the systems that supply water and deal with human waste. Such a task would
logically cover other matters such as, solid wastes industrial and other special/hazardous wastes
and storm water drainage. However, the most potent of these pollutants is the sewage.

When untreated sewage accumulates and is allowed to become septic, the decomposition of its
organic matter leads to nuisance conditions including the production of malodorous gases. In
addition, untreated sewage contains numerous pathogens that dwell in the human intestine tract.
Sewage also contains nutrients, which can stimulate the growth of aquatic plants, and may
contain toxic compounds or compounds that are potentially mutagenic or carcinogenic. For
these reasons, the immediate and nuisance-free removal of sewage from its sources of
generation, followed by treatment, reuse, or dispersal into the environment in an eco-friendly
manner is necessary to protect public health and environment.

1.1.2 Present Scenario of Urban Sanitation in India

The problem of sanitation is much worse in urban areas due to increasing congestion and
density in cities. Indeed, the environmental and health implications of the very poor sanitary
conditions are a major cause for concern. The study of Water and Sanitation Program (WSP) of
World Bank observes that when mortality impact is excluded, the economic impact for the
weaker section of the society accounting 20% of the households is the highest. The National
Urban Sanitation Policy (NUSP) of 2008 has laid down the framework for addressing the
challenges of city sanitation. The Policy emphasizes the need for spreading awareness about
sanitation through an integrated city-wide approach, assigning institutional responsibilities and
due regard for demand and supply considerations, with special focus on the urban poor.
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As per 2011 Census, the households having latrine facility within premises is 81.4% which
includes 72.6% households having water closets and 7.1% households having pit latrines and
1.70% households having other latrines (connected to open drains, night soil removed by human
etc., which are unsafe). Out of 72.6% households, 32.70% households are having water closets
with piped sewer system, 38.20% households are having water closets with septic tank and
1.70% households are having water closets with pit latrines (ventilated improved pit/open pit
etc.). The remaining 18.60% household are both sharing public latrines (6%) and defecating in
open (12.60%).

According to the report on the Status of Wastewater Generation and Treatment in Class-I Cities
and Class-I1 towns of India, December 2009 published by Central Pollution Control Board, the
estimated sewage generation from 498 Class-1 cities and 410 Class-1l towns (Population
estimated for 2008 based on 2001 census) together is 38,524 MLD, out of which only 11,787
MLD (35%) is being treated with a capacity gap of 26,467 MLD.

Sewer networks for collection and transportation of sewage from each and every household in
cities and towns are too inadequate to carry sewage up to the treatment plants. Treatment plants
capacities are also woefully inadequate due to many reasons such as poor planning and
implementation of sewerage and sewage treatment plants and other appropriate sanitation
facilities by ULBs due to inadequate financial resources and lack of adequate capacity of ULBs
in the country.

This imposes significant public health and environmental costs to urban areas that contribute
more than 60% of the country’s GDP. Impacts of poor sanitation are especially significant for
the urban poor (22% of total urban population), women, children and the elderly. The loss due
to diseases caused by poor sanitation for children under 14 years alone in urban areas amounts
to Rs. 500 crores at 2001 prices (Planning Commission-United Nations International Children
Emergency Fund (UNICEF), 2006). Inadequate discharge of untreated domestic/municipal
wastewater has resulted in contamination of more than 75% of all surface water across India.

1.1.3  Basic Philosophy of Sewage Treatment

Sewage when collected from communities can be perceived as a “water conveyor belt”. Its
treatment can be perceived as “unloading the conveyor belt” to make the belt useable again. The
crucial issue is water in the conveyor belt. Thus, treated sewage must ultimately return to
receiving water bodies or on to the land or might be reused for specific purposes after proper
treatment specified for the purpose. The complex question faced by the design and practicing
engineers is: What levels of treatment must be achieved in a given type of treatment — beyond
those prescribed by discharge standards — to ensure protection of the health of the community
and the environment? The answer to this question requires detailed analyses of local conditions
and needs, application of scientific knowledge and engineering judgment based on past
experience, and consideration of central, state, and local regulations. In some cases, a detailed
assessment is required. The reuse and disposal of sludge are vexing problems for some ULBs
and need careful consideration.

1.1.4  Sewerage and Sewage Treatment Technology

Sewerage and Sewage treatment technology is the branch of environmental engineering in
which the basic principles of engineering are applied to solve the issues associated with the
collection, those of biochemistry are applied to the treatment and environmental issues are
applied in the disposal, and reuse of treated sewage. The ultimate goal is the protection of public
health in a manner commensurate with environmental, economic, social, and political concerns.
To protect public health and environment, it is necessary to have knowledge of:

1. constituents of concern in sewage,
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2. impacts of these constituents when sewage is dispersed into the environment,
3. the transformation and long-term fate of these constituents in treatment processes,

4, treatment methods which can be used to remove or modify the constituents found
in sewage, and

5. methods for beneficial use or disposal of solids generated by the treatment systems.

To provide an initial perspective on the field of sewerage and sewage treatment technology,
common terminology is first defined followed by:

1. a discussion of the issues that need to be addressed in the planning and design of
sewerage management systems, and

2. the current status and new directions in sewerage and sewage treatment technology.

1.1.5  Efforts of Concerned Agencies in Retrospect

Till late seventies sewerage and sanitation was not accorded due priority by ULBs. The impetus
of International Drinking Water Supply and Sanitation Decade (IDWSSD), 1981-90, had
produced considerable efforts in urban areas in the country to improve health by investment in
water supply and sanitation programmes. These often comprise, in sewerage and sanitation sub-
sector, construction of sewers, on-site sanitation facilities using various types of latrines. Under
certain hydrological conditions, unsewered sanitation can cause severe groundwater
contamination by pathogens and nitrate, which may largely negate the expected health benefits
of such programs. In some circumstances, therefore, the low-cost-technologies may be
incompatible.

Though the targets fixed for sewerage and sanitation coverage during the decade at the
beginning of the IDWSSD were laudable, but could not be achieved due to resource constraints
and other impending reasons. Due to these reasons, condition of sanitation has gone from bad to
worse.

1.2 LOSS TO THE NATION DUE TO POOR SANITATION
1.2.1 Time and Money Loss in terms of DALY's

The Disability-Adjusted-Life-Years (DALY) is a measure of overall disease burden, expressed
as the number of years lost due to ill-health, disability or early death. Originally developed by
the WHO, it is becoming increasingly common in the field of public health and health impact
assessment (HIA). It extends the concept of potential years of life lost due to premature death —
to include equivalent years of ‘healthy’ life lost by virtue of being in states of poor health or
disability. In doing so, mortality and morbidity are combined into a single common-matrix.

As per the WHO report, 80% of the diseases in human being are water-borne and water-related.
It is mainly due to water pollution or water contamination and water logging. Though water
logging may be location and weather specific but water pollution and contamination is a
common phenomenon which can occur at any place at any point of time if community is not
careful about adverse impact of indiscriminate disposal of sewage. The indiscriminate disposal
of human excreta or sewage from habitations may contain hazardous micro-organisms
(pathogens) for water pollution and harbouring vectors which act as carriers of pathogens.

Names of diseases mentioned in the Table 1.1 might appear to be conventional which occur in
many parts of the country. The occurrence of such diseases depends upon various factors
relating to illiteracy, personal hygiene, standard of living, malnutrition, adulteration of food
items, lack of community awareness among all stakeholders, and many other factors related to
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environmental pollution. No doubts that these factors play important role in occurrence of
diseases but unsafe disposal of untreated or partially treated sewage plays a vital role in
aggravating the chances of occurrence of these communicable diseases.

Table 1.1 Burden of Water Related Diseases in India, 1990
(In millions of DALY's)

Diseases Female Male Total
Diarrheal Diseases 14.39 13.64 28.03
Intestinal Helminthes 1.00 1.06 2.06
Trachoma 0.07 0.04 0.11
Hepatitis 0.17 0.14 0.31
water elted Diseases 15.63 1488 3051

Source: ~ World Development Report — World Bank, 1993

If we merely consider the economic value of life year at the average per capita income of $ 300
per year, the annual loss of 30.51 million DALY is worth of 30.51 X300 = $ 9.153 billion.
(Exchange rate during 1993, $1 = INR 40). Improvements in water supply and sanitation
including management of municipal solid waste can substantially reduce the incidences and
severity of these diseases, as well as infant mortality associated with diarrhoea as shown in the
following box:

Reduction in morbidity from better water supply and sanitation including safe disposal of
municipal solid waste is estimated to be 26% for diarrhoea, 27% for trachoma, 29% for ascaris,
77% for schistosomiasis, and 78% for dracunculiasis. Mean reduction in diarrhoea-specific
mortality can be 65%, while overall child mortality can be reduced by 55%.

Source:  Esrey et. al. 1991

From the above statements and Table, it is evident that environmental pollution by liquid and
solid wastes adversely affects the environment and human health directly or indirectly resulting
in loss of life and heavy financial burden on exchequers.

1.2.2 Poor Sanitation Costs India $54 Billion

It has been reported from “The Economic Impact of Inadequate Sanitation in India” a report
released by the Water and Sanitation Program (WSP), a global partnership administered by the
World Bank that inadequate sanitation cost India almost $54 billion or 6.4% of country’s GDP
in 2006. Over 70% of this economic impact or about $38.5 billion was health-related with
diarrhoea followed by acute lower respiratory infections accounting for 12% of the health-
related impacts.

It is the poorest who bear the greatest cost due to inadequate sanitation. The poorest fifth of the
urban population bears the highest per capita economic impact of $ 37.75, much more than the
national average per capita loss due to inadequate sanitation, which is $ 21.35. Health impacts,
accounting for the bulk of the economic impacts, are followed by the economic losses due to the
time spent in obtaining piped water supply and sanitation facilities, about $15 billion, and about
$0.5 billion of potential tourism revenue loss due to India’s reputation for poor sanitation, the
report says. Following Table 1.2 gives a glimpse of ‘How much we lose’.
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Table 1.2 Poor sanitation cost to India

SI. No. Impact Loss ($ billion)
1. Heath 38.5
2. Access time (safe WS & S) 15.0
3. Tourism 0.5
Total 54.0
Source: World Bank, Water and Sanitation Program (WSP), 2006

The challenge of sanitation in Indian cities is acute. With very poor sewerage networks, a large
number of urban poor still depend on public toilets. Many public and community toilets have no
water supply while the outlets of many others toilets with water carriage systems are not
connected to city’s sewerage system. As per the estimate, over 50 million people in urban India
defecate in the open every day. The cost in terms of Disability Adjusted Life Years (DALY) of
diarrhoeal diseases for children from poor sanitation is estimated at Rs. 500 crores. The cost per
DALY per person due to poor sanitation is estimated at Rs. 5,400 and due to poor hygiene
practices at Rs. 900 (MoUD 2009). A study by the Water and Sanitation Program (WSP 2010) of
the World Bank using data for 2006 shows that the per capita economic cost of inadequate
sanitation including mortality rate in India is Rs. 2,180.

As mentioned above, the impacts of poor sanitation on human health are significant. Unsafe
disposal of human excreta facilities are responsible for the transmission of oral-faecal diseases,
including diarrhoea and a range of intestinal worm infections such as hookworm and
roundworm. Diarrhoea accounts for almost one-fifth of all deaths (or nearly 535,000 annually)
among Indian children under 5 years. Also, rampant worm infestation and repeated diarrhoea
episodes result in widespread childhood malnutrition. Moreover, India is losing millions of
rupees each year because of poor sanitation. Ilinesses are costly to families, and to the economy
as a whole in terms of productivity losses and expenditure on medicines, healthcare, etc. The
economic toll is also apparent in terms of water treatment costs, losses in fisheries production
and tourism, and welfare impacts, such as reduced school attendance, inconvenience, wasted
time, and lack of privacy and security for women. On the other hand, ecologically sustainable
sanitation can have significant economic benefits that accrue from recycling nutrients and using
biogas as an energy source.

1.3 SECTOR ORGANIZATION

Water supply and sanitation is treated as a State subject as per the federal Constitution of India
and, therefore, the States are vested with the constitutional right on planning, implementation,
operation and maintenance and cost recovery of water supply and sanitation projects. At the
local level, the responsibility is entrusted by legislation to the local bodies like Municipal
Corporation, Municipality, Municipal Council, Notified Area Committee/Authority for towns or
on a State/Regional basis to specialized agencies. The economic and social program of the
country is formulated through five-year plans.

The Public Health Engineering Department (PHED) is the principal agency at State level for
planning and implementation of water supply and sanitation programs. In a number of States,
statutory Water Supply and Sanitation Boards (WSSBs) have taken over the functions of the
PHEDs. The basic objectives for creation of WSSBs have been to bring in the concept of
commercialization of the water supply and sanitation sector management and more
accountability. Such boards have been set up in Assam, Bihar, Gujarat, Karnataka, Kerala,
Maharashtra, Orissa, Punjab, Uttar Pradesh and Tamil Nadu. The metropolitan cities of
Bangalore, Hyderabad and Chennai have separate statutory Boards. The water supply and
sanitation services in the cities of Ahmedabad, Delhi, Kolkata, Mumbai, Pune and few other
cities are under the Municipal Corporations.

The Ministry of Urban Development, Government of India formulates policy guidelines in
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respect of Urban Water Supply and Sanitation Sector and provides technical assistance to the
States and ULBs wherever needed. The expenditure on water supply and sanitation is met out of
block loans and grants disbursed as Plan assistance to the States, and out of loans from financial
institution like Life Insurance Corporation of India (LIC) and Housing and Urban Development
Corporation (HUDCO). The Central Government acts as an intermediary in mobilizing external
assistance in water supply and sanitation sector and routes the assistance via the State plans. It
also provides direct grant assistance to some extent to water supply and sanitation programs in
urban areas.

1.4 INITIATIVES OF GOVERNMENT OF INDIA

Government of India has taken number of initiatives during the last two decades by
implementing number of reforms aimed at improving the working efficiency of ULBs in India.
These reforms have been implemented in the form of Act (Amendment) and all the State
Governments have been advised to implement these reforms by suitably modifying ULB’s bye-
laws so as to achieve the objectives of these reforms for the development of urban sector in the
country. Few of the reforms such as institutional reform, financial reforms, legal reforms, etc.,
are in vogue. Reforms mainly relating to sewerage and sanitation are briefly described as under.

1.4.1 Initiative on Reforms — 74™ Constitution Amendment Act, 1992

Quite often, multiplicity of agencies and overlapping of responsibilities are the reasons for
ineffective and poor operation and maintenance of the assets created by civic bodies. In the light
of 74th Amendment under the 12th Schedule of the Constitution, the role and responsibility of
the ULBs have increased significantly in providing these basic facilities to the community on
sustainable basis. The new Amendment has enabled ULBs to become financially viable and
technically sound to provide basic amenities to the community.

As per the 74th Constitution Amendment Act, 1992, the ULBs have been delegated with sets of
responsibilities and functions. But they are not supplemented with adequate financial resources.
As a result, they are not able to perform their assigned functions in an efficient and effective
manner. They are also not able to fix the rates of users’ charges and are heavily dependent upon
the higher levels of Governments grants. Consequent to the 74th Constitutional Amendment Act
(74th CAA), the States are expected to devolved responsibility, powers and resources upon
ULBs as envisaged in the Twelfth Schedule of the Constitution.

The 74th CAA has substantially broadened the range of functions to be performed by the elected
ULBs. The Twelfth Schedule brings into the municipal domain among others such areas such as
urban and town planning, regulation of land-use, planning for economic and social development,
‘safeguarding the interests of weaker sections of Society’. The Constitution thus envisages
ULBs as being totally responsible for all aspects of development, civic services, and
environment in the cities, going far beyond the traditional role. The focus should not only be on
the investment requirements to augment supplies or install additional systems in sanitation and
water supply. Instead, greater attention must be paid to the critical issues of institutional
restructuring, managerial improvement, better and more equitable service to citizens who must
have a greater degree of participation. The 74th CAA also focuses on achieving sustainability of
the sector through the adoption of adequate measures in operation and management (O&M), the
financial health of the utilities through efficiency of operations and levy of user charges, and
conservation and augmentation of water sources.

1.4.2  Liberation of Manual Scavengers

Government of India has enacted the Employment of Manual Scavengers and Construction of
Dry Latrines (Prohibition) Act, 1993. It serves as a primary instrument to eradicate practice of
manual scavenging. The Centrally sponsored scheme of Urban Low Cost Sanitation for
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liberation of the Scavengers was started in year 1980-81, which is now being operated through
the Ministry of Housing and Urban Poverty Alleviation. As per the scheme’s Revised
Guidelines, 2008, the objective of the scheme is to convert/construct low cost sanitation units
through sanitary two pit pour flush latrines with superstructures and appropriate variations to
suit local conditions and construct new latrines where EWS households have no latrines and
follow the in-human practice of defecating in the open in urban areas.

This would improve overall sanitation in towns. Scavengers so liberated if any or their
dependents would have to be rehabilitated under the scheme by the State Governments
simultaneously with the help of funds provided by the Ministry of Social Justice and
Empowerment. Towns are selected from the various States and Union Territories irrespective of
their population criteria and also persons belonging to EWS households who have no latrines
and defecate in the open in urban areas. Depending upon the prevalence of dry latrines, targets
will be fixed. Priority is given to those towns which have a predominance of dry latrines.
Scheme will be applicable to all towns where dry units exist or for persons who have no latrines
and defecate in the open. The nodal Ministry for processing project proposals and monitoring
the implementation of the scheme is Ministry of Housing and Poverty alleviation.

1.5 NATIONAL URBAN SANITATION POLICY (2008) OF GOVERNMENT
OF INDIA

The Ministry of Urban Development, Government of India proposed a very ambitious program
on urban sanitation for which the Ministry has prepared a Report on “National Urban Sanitation
Policy” and published in October 2008.

1.5.1  Concepts of Totally Sanitized Cities

A totally Sanitized City will be one that has achieved the outputs or milestones specified in the
National Urban Sanitation Policy.

1.5.2  The Salient Features of Urban Sanitation Policy
The salient features of Urban Sanitation Policy are as follows:
a) Cities must be open defecation free

b)  Must eliminate the practice of manual scavenging and provide adequate personnel
protection equipment that addresses the safety of sanitation workers

C) Municipal sewage and storm water drainage must be safely managed

d) Recycle and reuse of treated sewage for non-potable applications should be
implemented wherever possible

e) Solid waste collected and disposed of fully and safely

f) Services to the poor and systems for sustaining results

0) Improved public health outcomes and environmental standards.
1.5.3  Vision and Key Policy Issues

In order to achieve the above Vision, key policy issues such as i) Lack of Awareness, ii) Social
and occupational Aspects of Sanitation, iii) Fragmented Institutional Roles and Responsibilities,
iv) Lack of an Integrated City-wide Approach, v) Limited Technology Choices, vi) Reaching the
Un-served Poor, and vii) Lack of Demand Responsiveness, need to be addressed and translated
on the field for long term sustainability of the project.
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Part A: Engineering CHAPTER 1: INTRODUCTION

In order to rapidly promote sanitation in urban areas of the country (as provided for in the
National Urban Sanitation Policy and Goals 2008), and to recognize excellent performance in
this area, the Government of India intends to institute an annual rating award scheme for cities
(NUSP 2008)

The Ministry of Urban Development is also promising a National Communication Campaign to
generate awareness on sanitation both at the household level and at the service provider level.
The aim of this exercise is to generate awareness of the benefits of the hygiene and clean
environment and thereafter bring about behaviour.

1.5.4  National Sanitation Policy Goals

The overall goals of this policy are to transform Urban India into community-driven, totally
sanitized, healthy, and liveable cities and towns.

1.5.5  Service Level Benchmarking on Sewage Management (Sewerage and
Sewage Treatment)

As already mentioned, the Millennium Development Goals (MDGS) enjoins upon the signatory
nations to extend access to improved sanitation to at least half the urban population by 2015,
and 100% access by 2025. This implies extending coverage to households without improved
sanitation, and providing proper sanitation facilities in public places to make cities and towns
open defecation free. The Ministry proposed to shift focus on infrastructure in urban water
supply and sanitation sector (UWSS) to improve service delivery. Ministry formulated the set of
Standardized Service Level Benchmarks for UWSS as per International Best Practice and
brought out a “Handbook on Service Level Benchmarking” on water supply and sanitation
sector in the year 2008. The Service Level Benchmarks (SLB) on Sewage Management
(Sewerage and Sewage management) are given in Table 1.3 which are required to be achieved
within a specified timeframe.

Table 1.3 Sewage Management (Sewerage and Sanitation)

S. No. Proposed Indicator Benchmark
1. Coverage of toilets 100%
2. Coverage of sewage network services 100%
3. Collection efficiency of sewage network 100%
4, Adequacy of sewage treatment capacity 100%
5. Quality of sewage treatment 100%
6. Extent of reuse and recycling of sewage 20%
7. Efficiency of redressal of customer complaints 80%
8. Extent of cost recovery in sewage treatment 100%
9. Efficiency in collection of sewage charges 90%

Source: Handbook on Service Level Benchmarking, Ministry of Urban Development, Government of India,
(Third Edition: 2011)

1.6 EMERGING TRENDS AND TECHNOLOGIES OF SEWERAGE AND
SEWAGE TREATMENT

1.6.1 Recent Trend - Centralized vis-a-vis Decentralized Sewage Treatment
Systems

While the conventional sewerage may be a comprehensive system for sewage collection and
transport, it also remains as a highly resource-intensive technology. Consequently, high capital
cost, and significant O&M cost of this system inhibits its widespread adoption in all sizes of
urban areas.

The implementation of Centralized Wastewater Management System (CWMS) should not be
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considered as the only option available for collection, transportation and treatment of sewage.
There are certain factors which govern the selection of options between CWMS and
Decentralized Wastewater Management System (DWMS). These have been elaborately
discussed in relevant Chapter of the Manual.

Decentralized wastewater management system (DWMS) may be designed as the collection,
treatment, and disposal/reuse of sewage from individual houses, cluster of houses, isolated
communities, industries or institutional facilities as well as from portion of existing
communities at or near the point of generation of sewage.

Decentralized systems maintain both the solids and liquid fraction, although the liquid portion
and any residual solids can be transported to a centralized point for further treatment and reuse.

Recognizing the many applications and benefits of sewage reuse, some important points may be
kept in view such as (i) review of the impact of the population growth rate (ii) review of
potential water reuse applications and water quality requirements (iii) review of appropriate
technologies for sewage treatment and reuse (iv) considering the type of management structure
that will be required in the future and (v) identification of issues that must be solved to bring
about water reuse for sustainable development on a broad scale.

It has been emphasized that if the sewage from the urban and semi urban areas were reused for a
variety of non-potable uses, the demand on the potable water supply would be reduced.

The choice of appropriate technology will also depend on several factors such as composition of
sewage, availability of land, availability of funds and expertise. Different operation and
maintenance options will have to be considered with respect to sustainable plant operation, the
use of local resources, knowledge, and manpower.

1.7 NEED FOR REVISION AND UPDATING OF THE EXISTING
MANUAL ON SEWERAGE AND SEWAGE TREATMENT (1993)

Ever since the publication of the Manual on sewerage and sewage treatment in 1993 a number
of new developments and changes have occurred in the complete range technologies of
collection, transportation, treatment and reuse of treated sewage and sludge for various usages
during the last two decades. Broad approaches adopted for the need of revision and updating of
the manual on sewerage and sewage treatment are as mentioned below:

i) a greater fundamental understanding of the mechanisms of the biological treatment

ii)  the application of advanced treatment methods for the removal of specific
constituents

iii)  the increased emphasis on the management of sewerage and sewage treatment in
general and management of sludge resulting from the treatment of sewage, and

iv)  the issuance of more comprehensive and restrictive permit requirements for the
discharge of effluent and reuse of treated sewage.

Even though the sewerage and sewage treatment practices have continued to evolve and grow
during last two decades, no time period in the past can equal this intervening period in terms of
technological development.

In addition, the awareness of environmental issues among the national urban communities has
reached a level not experienced before. This active awareness is a driving force for the agencies
responsible for sewerage and sewage treatment to achieve the level of performance far beyond
those envisioned even as during the last two decades.
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Pressure for environmental compliance today is greater than before. The need for sewerage and
sanitation schemes in urban areas and regulatory requirements have, at present, become more
forceful. Support from the Central and State governments for environmental-related programs is
becoming a strong driving force than ever before. Communities are quite aware, well organized,
and informed.

The revision and updating of the existing manual (1993) aims to meet some of those needs by
providing advice on the selection of technology options for urban sanitation, whether of new
infrastructure or upgrading of existing services. It is applicable both to small interventions in
specific locations and larger programs that aim to improve sanitation citywide. The selection of
technologies with various options for providing techno-economic solutions keeping in view
health of the community and safeguarding the environment, are listed below so as to provide a
wide range of options to the planners and designers:

i) Decentralized sewerage system

ii)  Sludge treatment and septage management

iii)  Recent technologies on sewerage and sewage treatment
iv)  New pipe materials for construction of sewers

v)  Guidelines for recycling and reuse of treated sewage

vi)  New guidelines for discharging treated effluent into water bodies used for drinking.

1.7.1  Guidelines for Preparation of City Sanitation Plan (CSP)

One of the most important objectives of revising and updating of this manual is ‘Preparation of
City Sanitation Plan’ which has been amply described in Chapter 10 so as to give proper
guidance to decision makers, planners, designers and also suitably involve political initiatives as
a tool to envision affordable upgrade of existing sanitation systems and futuristic sanitation
systems in a self-sustaining basis.

The algorithm given in Chapter 10 is a very useful chart for decision makers and planners to
adopt the most suitable strategy for providing safe sanitation to the urban community within the
policy framework of the Government of India in the country.

1.8 SETTING-UP OF ENVIRONMENTAL POLLUTION STANDARDS AT
THE STATE LEVEL

While planning the citywide sanitation program, concerned agencies must set-up standards and
follow at the State Level (within overall framework of national standards) such as CPHEEO and
BIS guidelines values as mentioned below:

a) Environment Outcome (e.g. State Pollution Control Boards standards on effluent
parameters, diminishing water resources, impact of climate change, use of low
energy intensive onsite/decentralized sewage treatment technologies, distributed
utilities, etc.),

b)  Public Health Outcomes (e.g. State Health Departments),

C) Processes (e.g. safe disposal of on-site septage) and infrastructure (e.g., design
standards) (PHEDs/Parastatals) and coverage of the informal sector activities like
disposal of sewage, solid waste, etc.,

d)  Service delivery standards (e.g. by the Urban Development Departments),
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e) Manpower issues such as adequate remuneration, hazardous nature of work,
employment on transparent terms and conditions, use of modern and safe
technology, provision of adequate safety equipment such as glove, boots, masks,
regular health check-ups, medical and accident insurance, etc.,

f) States are recommended to not just emulate but set their standards higher than the
national standards in order to encourage its institutions and citizens to target higher
standards of public health and environment (new guidelines).

1.9 RELATIONSHIP BETWEEN PART-A (ENGINEERING), PART-B
(OPERATION AND MAINTENANCE), AND PART-C (MANAGEMENT)
OF PROPOSED MANUAL

The Manual on Sewerage and Sewage Treatment (second edition) published in 1993 which has
been revised and updated mainly gave thrust to engineering aspects of the sewerage and sewage
treatment systems. Though, it covered topics of management and operation and maintenance of
sewerage systems but these aspects were not dealt with in details so as to create awareness
amongst the practicing and field engineers regarding the importance of these two topics which
are so important for the sustainability of the systems in the long run.

The present Manual on Sewerage and Sewage Treatment has been divided into three sections, as
under, which are inter-related to each other as described below:

i) Part — A on ‘Engineering’
ii)  Part—B on ‘Operation and Maintenance’, and
iii) Part-C on ‘Management’

Part — A on ‘Engineering’ addresses the core technologies and updated approaches towards the
incremental sanitation from onsite to decentralized or conventional collection, conveyance,
treatment and reuse of the misplaced resource of sewage and is simplified to the level of the
practicing engineer for his day to day guidance in the field in understanding the situation and
coming out with his choice of approaches to remedy the situation. In addition it also includes
recent advances in sewage treatment, sludge and septage management to achieve betterment of
receiving environment. By no means, this is a text book nor it should be. It is a simple to
understand guideline for the field engineer.

Part — B on ‘Operation and Maintenance’ addresses the issues of standardizing the human
resources and financial resources that are needed to sustain a system created at huge costs
without it slipping into an edifice for want of codified requirements of these so that it becomes
possible to address these in the estimate stage itself and seek a comprehensive approval of fund
allocations and human resources besides ushering in the era of public private partnership to
make the projects self-sustaining. It is a simple to understand guidance for the resource seeker
and resource allocating authorities.

Part — C on ‘Management’ is a refreshing approach to modern methods of project delivery and
project validation and gives a continual model for the administration to foresee the deficits in
allocations and usher in newer mechanisms. It is a tool for justifying the chosen project delivery
mechanism and optimizing the investments on need based allocations instead of allocations in
budget that remain unutilized and get surrendered in end of fiscal year with no use to anyone. It
is a straightforward approach to a mundane approach over the decades.
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CHAPTER 2 PLANNING

2.1 VISION

The vision for urban sanitation in India as mentioned in the National Urban Sanitation Policy
(2008) of Government of India is:

‘All Indian cities and towns become totally sanitized, healthy and liveable, and ensure and
sustain good public health and environmental outcomes for all their citizens with a special focus
on hygienic and affordable sanitation facilities for the urban poor and women’.

2.2 OBJECTIVES

The objective of a sewage collection, treatment and disposal system is to ensure that sewage
discharged from communities is properly collected, transported, and treated to the required
degree in short, medium, and long-term, and disposed-off / reused without causing any health or
environmental problems.

Short term: It implies immediate provision of onsite system. It is an interim arrangement till the
implementation of long term system. Short term plan should be formulated targeting up to 5
years from the base year.

Medium term: It implies the provision of a decentralized (nonconventional) system of collection
for rapid implementation of collection, transportation, treatment, and disposal/local reuse to
avoid sporadic sewage discharges into the environment and where conventional sewerage
system is yet not feasible. Medium-term plans should have a target of 15 years from the base
year.

Long term: It implies conventional sewage collection, transportation, treatment, and
environmentally sound disposal/reuse. It encompasses the short term and medium term. Long-
term plans should be formulated for a target of 30 years from the base year.

2.3 NEED FOR PLANNING

Sewage collection, treatment and disposal systems can be either the short-term, or medium-term
or long-term. To keep overall costs down, most urban systems today are planned as an optimum
mix of the three types depending on various factors.

Planning is required at different levels: national, state, regional, local and community. Though
the responsibility of various organizations in charge of planning sewage collection, treatment
and disposal systems is different in each case, they still have to function within the priorities
fixed by the national and state governments and keep in view overall requirements of the area.

24 BASIC DESIGN CONSIDERATIONS
2.4.1 Engineering considerations
2.4.2 Institutional aspects
2.4.3 Environmental considerations
2.4.4 Treatment process
2.4.5 Financial aspects

2.4.6 Legal issues

Final Draft 2-1



550

555

560

565

570

575

580

Part A: Engineering CHAPTER 2: PLANNING

2.4.7 Community awareness

2.4.8 Inter and Intra departmental coordination

2.4.9 Geographical information systems

2.4.10City master plan

2.4.11 City sanitation plan.

24.1

Engineering Considerations

Topographical, engineering and other considerations which figure prominently in project design
are noted below:

a)

b)

2.4.2
a)
b)
c)
d)
243

Design period, stage wise population to be served and expected sewage flow
quality and fluctuation

Topography of the general area to be served, its slope and terrain, and soil profiles
affecting construction. Tentative sites available for treatment plant, pumping
stations and disposal works, considering flooding

Available hydraulic head in the system up to high flood level in case of disposal to
a nearby river or high tide level in case of coastal discharge or the level of the
irrigation area to be commanded in case of land disposal

Depth of groundwater table and its seasonal fluctuation affecting construction,
sewer infiltration, structural design (uplift considerations)

Soil bearing capacity and type of strata expected to be met with in construction

On site disposal facilities, including the possibilities of segregating the sullage
water and sewage and reuse or recycle sullage water within the households

Existing water supply, sewerage and sanitation conditions
Water reliability, augmentation steps, drought conditions
Reuse in agriculture, farm forestry, non-potable urban, industry

Decentralized sewerage and progressive coverage.

Institutional Aspects

Capability of existing local authority
Revenue collection and reliability
Capacity building needs

Public Private Partnership.

Environmental Considerations

The following aspects should be considered during design:

a) Surface Water Hydrology and Quality

Hydrological considerations affect the location of outfalls to rivers with regard to protection of
nearby water supply intake points either upstream or downstream, especially at low flow
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conditions in the river. Hydrological considerations also help determine expected dilutions
downstream, frequency of floods and drought conditions, flow velocities, travel times to
downstream points of interest, navigation, etc.

Surface water quality considerations include compliance with treated effluent standards at the
discharge point with respect to parameters like BOD, suspended and floating solids, oil &
grease, nutrients, coliforms, etc. Special consideration may be given to the presence of public
bathing ghats downstream. The aquatic ecosystem (including fish) may also need protection in
case of rivers through minimum dissolved oxygen downstream, ammonia concentrations in the
water, uptake of refractory and persistent substances in the food chain, and protection of other
legitimate uses to which the river waters may be put.

b) Ground Water Quality

Another environmental consideration is the potential for ground water pollution presented by
the treatment units proposed to be built. For example, in certain soils, special precautions may
be needed to intercept seepage of sewage from lagoons and ponds. Land irrigation would also
present a potential for ground water pollution especially from nitrates. In case of low cost
sanitation methods involving on-site disposal of excreta and sullage waters, ground water
pollution may need special attention if the ground water table is high and the topsoil relatively
porous.

C) Coastal Water Quality

Shoreline discharges of sewage effluents, though treated, could lead to bacterial and viral
pollution and affect bathing water quality of beaches. Discharges have to be made sufficiently
offshore and at sufficient depth through marine outfall to benefit from dilution and natural die-
away of organisms before they are washed back to the shoreline by currents. The presence of
nutrients could also promote algal growth in coastal waters, especially in bays where natural
circulation patterns might keep the nutrients trapped in the water body.

d) Odour and Mosquito Nuisance

Odour and mosquito nuisance in the vicinity of sewage treatment plants, particularly in the
downwind direction of prevailing winds, can have adverse impacts on land values, public health
and well-being and general utility of amenities may be threatened. These factors have to be
considered in selecting technologies and sites for location of sewage treatment plants and
treated sewage irrigation fields.

e) Public Health

Public health considerations pervade through all aspects of design and operation of sewage
treatment and disposal projects. Some aspects have already been referred to in earlier part of this
Section. Public health concepts are built into various byelaws, regulations and codes of practice
which must be observed, such as:

i) Effluent discharge standards including permissible microbial and helminthic
quality requirements

i) Standards for control of toxic and accumulative substances in the food chain
iii)  Potential for nitrate and microbial pollution of ground waters
iv)  Deterioration of drinking water resources including wells

V) Deterioration of bathing water quality
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vi)  Control measures for health and safety of sewage plant operators and sewage farm
workers, and nearby residents, who are exposed to bio-aerosols or handle raw
and/or treated sewage.

f) Landscaping

Sewage treatment plant structures need not be ugly and unsightly. At no real extra cost, some
architectural concepts can be used and the buildings designed to suit the main climates (humid
or dry) generally met within India.

Apart from the usual development of a small garden near the plants office or laboratory, some
considerations need to be given to sites for disposal of screenings and grit in an inoffensive
manner, general sanitation in the plant area and provision of a green-belt around the treatment
plant. Green belt around the treatment plant shall be preferably of plants with shallow roots in
order to avoid deep and spread roots from trees accessing the water retaining structures and
damaging their construction by ingress to the moist zones.

0) Status of pollution of surface waters, ground waters and coastal waters

h) Remediation needs and realistic solutions to mitigation of pollution

i) Solid wastes disposal and leachates as affecting the likely siting of STPs

) Fate of sludge generated in STPs and potential to go in for vermicomposting

K) Clean Development Mechanism by biomethanation and energy recovery from STPs
1) Vital statistics and frequency of water borne and vector borne diseases.

2.4.4 Treatment Process

Process considerations involve factors which affect the choice of treatment method, its design
criteria and related requirements such as the following:

a) Sewage Flow and Characteristics

This constitutes the primary data required for process design. The various parameters to be
determined are described in other Sections of this manual.

b)  Degree of Treatment Required

In case of domestic or municipal sewage, this is considered, for example, in terms of removal of
BOD nutrients (nitrogen and phosphorous), coliforms, helminths etc. Land disposal generally
has to meet less stringent discharge standards than disposal to surface waters. Land disposal also
has the advantage of avoiding nutrient removal and is, thus, preferred wherever it is feasible. It
is often not enough to aim only at BOD removal and let other items be left to unspecified,
incidental removal, whatever may occur. The selection of a treatment process thus, depends on
the extent of removal efficiency required for all important parameters and the need to obviate
nuisance conditions.

C) Performance Characteristics

The dependability of performance of a process in spite of fluctuations in influent quality and
quantity are very useful attributes in ensuring a stable effluent quality. Similarly, ability to
withstand power and operational failures, also form important considerations in choice of
process. The more high-rated process, the more sensitive it is in operation. Other processes like
digesters, lagoons and ponds may be sensitive to extreme temperature range. The choice has to
match with the discharge standards to be met in a specific case. The performance characteristics
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for some methods of sewage treatment are indicated in Appendix 2.1.
d)  Other Process Requirements
Various other factors affecting the choice of a process include requirements in terms of:
- Land
- Power and its dependability
- Operating (and control) equipment requirement and its indigenous availability
- Skilled staff
- Nature of maintenance problems
- Extent of sludge production and its disposal requirements

- Loss of head through plant in relation to available head (to avoid pumping as far as
possible)

- Adoption of modular system.

Between land and power requirements, a trade-off is often possible, based on actual costs of the
two items. This could well be exploited to get an optimum solution for meeting treatment
requirements and giving a dependable performance.

The operating equipment and its ancillary control equipment should be easy to operate and
maintain (with indigenously available spare parts) as far as possible. It is to be noted that,
methane gas collection, scrubbing to remove hydrogen sulphide wherever necessary and its
conversion to electricity, should be effectively done. The option of gas collection and supply to
a nearby industry or area should be favoured during the site selection stage wherever possible.
The related issues are

e)  To be affordable by the local body for its O&M

f) Trade-offs between portions to be treated for industries and portions to be discharged
0) Possibility of upgrading with respect to incrementing flows over time

h)  Depending on proprietary spares to be avoided or inbuilt into the O&M contract itself
i) Local skills to comprehend and implement monitoring.

2.4.5 Financial Aspects

Finally from among the few selected options, the overall costs (capital and operating) and
financial sustainability have to be determined in order to arrive at the most optimum solution.

a) Capital costs include all initial costs incurred up to plant start-up, such as:

civil construction, equipment supply and erection costs

land purchase costs including legal fees, if any

engineering design and supervision charges

Interest charge on loan during construction period.

b)  Operating costs after start-up of plant include direct operating costs and fixed costs,
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such as:
. amortization and interest charges on capital borrowing
. direct operation and maintenance costs on
- Staff
- Chemicals
- Energy
- Transport
- Maintenance and repairs
- Tools and Plants
- Insurance
- Overheads.
C) Financial sustainability
. Levy of appropriate sewerage charges
. Willingness to pay by the end user
. Efficient sewerage charge collection
. Supplementary budget from alternate sources

. Revenue generation potential of the concerned local body, water boards,
PHED?’s / Jal Nigams, Parastatal organizations, as the case may be

. Actual recovery generated
2.4.6  Legal Issues

In general, legalities do not affect sewerage projects except land acquisition issues which
require tact, patience and perseverance.

2.4.7 Community Awareness

In general, the decision making on sewerage system management is carried out without
involving the public at large and this has to change by appropriate web based messages, hand-
outs, public hearings and documenting the outcomes and taking the population along.

2.4.8 Inter- and Intra-departmental Coordination

a) Co-ordination between local body and water boards/PHEDs/Jal Nigams/as the case
may be

b)  Co-ordination among water boards/PHEDs/Jal Nigams/Local Bodies as the case
may be and elected representatives

C) Intra-departmental coordination
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2.4.9 Geographical Information Systems

Geographical Information Systems (GIS) should be an integral part of sewage collection system.
It allows developing city master plans including city sanitation plan rapidly and in a precise
manner and can be related precisely to its position in the ground. The spatial modelling
capabilities of GIS can be used to estimate current and future sewage flows, evaluate the
capacity of the sewers, and estimate the condition of the sewers.

2.4.10 City Master Plan

The city master plan shall be prepared clearly indicating the various aspects as this will form a
basis for the project. The city sanitation plan shall also mandatorily form part of the city master
plan. The various aspects to be considered are in Chapter 10. Any proposal submitted for
funding shall mandatorily include the city master plan and city sanitation plan. It is very
important and pertinent to include and account for the mandatory provision of adequate and
proper sanitation facilities in each and every school in the country thus complying with the
directive of the Government of India.

The planning period to be adopted for the preparation of the master plan shall be 30 years. In
order to bring the master plan projections on the same time line for comparison and funding, the
Town & Country planning authority would also be required to increase their planning period
from the present 20 years to 30 years for the reasons mentioned earlier.

2.4.11 City Sanitation Plan

City sanitation plan should be a part of city master plan and it should be prepared in accordance
with NUSP.

The planning design period for onsite, decentralised and centralised systems shall be 5 years, 5
to 15 years and 30 years, respectively.

2.5 DESIGN PERIOD
The project components may be designed for the periods mentioned in Table 2.1.

Table 2.1 Design period of sewerage components

Sl. Component Design Period,

No Years (from base year)

1 Land Acquisition 30

2 Conventional sewers (A) 30

3 Non-conventional sewers (B) 15

4 Pumping mains 15

5 Pumping Stations-Civil Work 30

6 Pumping Machinery 15

7 Sewage Treatment Plants 15

8 Effluent disposal 30

9 Effluent Utilization 15 or as the case may be
(A) Typical underground sewers with manholes laid in the roads
(B) All types such as small bore, shallow sewers, pressure sewers, vacuum sewers
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2.6 POPULATION FORECAST
2.6.1 General Considerations

The design population should be estimated paying attention to all the factors governing the
future growth and development of the project area in the industrial, commercial, educational,
social, and administration spheres. Special factors causing sudden immigration or influx of
population should also be predicted as far as possible.

A judgement based on these factors would help in selecting the most suitable method of
deriving the probable trend of the population growth in the area or areas of the project from the
following mathematical methods, graphically interpreted where necessary:

a) Demographic method of population projection

Population change can occur in three ways: by birth (population gain), by death (population
loss), or by migration (population loss or gain depending on whether movement-out or
movement-in occurs in excess). Annexation of area may be considered a special form of
migration. Population forecasts are frequently made by preparing and summing up separate but
related projections of natural increases and of net migration, and are expressed below.

The net effect of births and deaths on population is called natural increase (natural decrease, if
deaths exceed births).

Migration also affects the number of births and deaths in an area, and so, projections of net
migration are prepared before projections for natural increase.

This method thus takes into account the prevailing and anticipated birth rates and death rates of
the region or city for the period under consideration. An estimate is also made of the emigration
from and immigration to the community, its growth area-wise and the net increase of population
is calculated accordingly considering all these factors by arithmetical balancing.

b)  Arithmetic increase method

This method is generally applicable to large and old cities. In this method, the average increase
of population per decade is calculated from the past records and added to the present population
to estimate population in the next decade. This method gives a low value and is suitable for well
settled and established communities.

C) Incremental increase method

In this method, the increment in arithmetical increase is determined from the past decades and
the average of that increment is added to the average increase. This method gives increased
values compared to the figures obtained by the arithmetical increase method.

d)  Geometrical increase method

In this method, the percentage increase is assumed to be the rate of growth and the average of
the percentage increase is used to determine the increment in future population. This method
gives a much higher value and is mostly applicable to growing towns and cities having vast
scope of expansion.

e) Decreasing rate of growth

In this method, it is assumed that the rate of percentage increase decreases and the average
decrease in the rate of growth is calculated. The percentage increase is modified by deducting
the decrease in the rate of growth. This method is applicable only to those cases where the rate
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of growth of population shows a downward trend.
f) Graphical method

There are two methods: in the first method, only the city in question is considered; and in the
second method, other similar cities are also taken into account.

i) Graphical method based on single city

In this method the population curve of the city (i.e., the population vs. past decades) is
smoothly extended for obtaining values for the future. The curve should be extended
carefully; this requires vast experience and good judgement. The line of best fit may be
obtained by the method of least squares.

ii)  Graphical method based on cities with similar growth pattern

In this method, the city in question is compared with other cities that have already
undergone the same phases of development which the city in question is likely to undergo.
Based on this comparison, a graph of populations versus decades is plotted and
extrapolated.

0) Logistic method

The S shaped logistic curve for any city gives the complete trend of growth for the city right
from beginning to the saturation limit of population of the city. This method is applicable to
very large cities with adequate demographic data.

h)  Method of density

In this approach, the trend in rate of increase in population density for each sector of a city is
determined and population is forecasted for each sector based on the above approach. Addition
of population sector-wise gives the population of the city.

2.6.2 Final Forecast

While the forecast of the population of a project area at any given time during the design period
can be derived by any one of the foregoing methods appropriate to each case, the density and
distribution of such population in several areas, zones or districts will again have to be
estimated based on the relative probabilities of expansion in each zone or district, according to
the nature of development and based on existing and contemplated town planning regulations.
Wherever population growth forecast or master plans prepared by town planning authorities or
other appropriate authorities are available, the design population should take these figures into
account.

Floating population should also be considered which includes number of persons visiting the
project area for tourism, pilgrimage or for working. The numbers should be decided in
consultation with the tourism departments and specified for water supply and sewerage.

Workout examples for estimation of future population by some of the methods are given in
Appendix 2.2.

2.7 PROJECT AREA

The factors which influence determination of project area include natural topography, layout of
buildings, political boundaries, economic factors, city master plan, etc. For larger drainage areas,
though it is desirable that the sewer capacities be designed for the total project area, sometimes
political boundaries and legal restrictions prevent construction of sewers beyond the limits of
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the local authority. However, when designing sewers for larger areas, there is usually an
economic advantage in providing adequate capacity initially for a certain period of time and
constructing additional sewers, when the pattern of growth becomes established. The need to
finance projects within the available resources necessitates the design to be restricted to political
boundaries. The project area under consideration should be marked on a key plan so that the
area can be measured from the map.

2.8 REUSE AND DISPOSAL

Reuse of treated sewage should be given preference over disposal. Various options are discussed
in Chapter 7.

2.9 LAYOUT AND ARRANGEMENT OF SEWERAGE

Layout of collection systems shall resist the tendency to go in for underground sewerage flat out
even in habitations that are only sparsely developed and options of either time deferred
underground sewerage or incremental sewerage commensurate with the pace of development by
such options as small bore, shallow sewers, twin drains, etc., to start with and eventual
underground sewerage when habitations have been populated to a certain level where the
revenue will be able to sustain the O&M. Layouts by small communities shall be mandated to
include the twin drain/small bore sewer system in both sides of roads whereby the house side
drain will receive the septic tank effluent and the road side drain will receive the storm water
runoff. In metropolitan urban centres, decentralized sewerage shall be confined to institutional
boundaries only and not culled out of habitations itself and zoning of sewerage with STPs
fanning out radially outwards is to be encouraged.

A flat out choice of underground sewerage with sewers in middle of roads shall be discouraged
and incremental sanitation as settled sewers, small bore sewers, twin drain for septic tank
effluents and sewers on shoulders of wide roads are to be evaluated as detailed in Chapter 3.

2.10 LEGISLATION AND REGULATIONS
a. Water (Prevention and Control) Act, 1974

Under this Act, it is necessary to obtain a “consent to establish (CTE)” from the Pollution
Control Board (PCB) before starting the work of STP. Similarly, it is necessary to obtain the
“consent to operate (CTO)” after completion of the construction and before actual operation.
The CTE is based on whether the proposed STP design meets the discharge standards for treated
sewage and the CTO is based on whether all the units originally committed are actually built
and to the same size. Starting the construction without the CTE and starting the operation
without CTO are punishable as an offence.

b. Environment (Protection) Act, 1986

The discharge standards for treated sewage, the noise standards governing the STP, the air
emission standards governing the STP are prescribed in this act and are binding without
exception. The PCB is empowered to tighten these standards wherever it is needed.

c. Municipal Byelaws

Most municipal byelaws provide for the owner of any property to dispose of sewage in a proper
manner without causing any nuisance to others. Wherever municipal sewers exist within a
specified distance as per the respective byelaws, it is obligatory that the sewage of the property
be discharged into it. The byelaws provide for action against defaulting owners.

d. Environment Impact Assessment
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According to the EIA notification issued in 2006 by MOEF, this is not needed for Sewerage
projects.

e. Indian Standards

The Indian Standards (by BIS) lay down quality levels of bought out items and construction
quality and shall not be diluted under any account. Wherever Indian Standards are not available,
internationally accepted standards may be used.

f. Town and Country Planning Act

The Town & Country Planning Act shall be mandatorily followed. Wherever there is a
possibility, storm water drains on both sides of the road shall be built mandatorily.

2.11 GUIDELINES ON HOUSE SEWER CONNECTIONS

a)  There is a compelling need to amend byelaws to make it compulsory for the
population to avail house sewer connection wherever public sewerage is provided
and if this is not forthcoming, the local authority shall effect the connection and
institute revenue recovery proceedings.

b) Include house service connections as part of the sewerage project itself

C) Float EMI (Equated monthly instalments) schemes for repayment of house service
Sewer costs.

2.12 SURVEY AND INVESTIGATION

Survey and investigation are pre-requisites both for framing of the preliminary report and the
preparation of a detailed sewerage project. The engineering and policy decisions taken are
dependent on the correctness of the data collected and its proper evaluation.

2.12.1 Basic Information

Broad knowledge of the problems likely to be faced during the various phases of
implementation of the project is essential for performing investigations effectively. Information
on physical, developmental, fiscal and other aspects has to be collected.

The philosophy of survey is to rule out simple initial mistakes which will make the entire
project a blunder eventually. Because the entire geographical coverage of the project area relies
very seriously on gravity transmission and eligible pathways, affordability by users, etc., initial
survey will chalk out what all are to be considered and what all shall have to be time deferred
and what all to be relegated in each case.

2.12.1.1 Physical Aspects
These would necessitate the collection of information related to:

a)  Topography or elevation difference needed for design of sewers and location of
sewage treatment works, outfall and disposal works

b)  Subsoil conditions, such as types of strata likely to be encountered, depth of
groundwater table and its fluctuations. In the absence of any records, preliminary
data should be collected by putting at least 3 trial bores or trial pits per hectare.

C) Underground structures like storm drains and appurtenances, city survey stones,
utility services like house connections for water supply and sewerage, electric and
telephone cables, gas lines
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d)

Location of streets and adjoining areas likely to be merged or annexed

Possible sources of information are existing maps and plans showing streets from
revenue or town surveys or Survey of India maps. Other sources are topographical
maps of Survey of India if available with existing spot-levels, aerial photographs,
photographs of complex surfaces for supplementing the existing instrumental
surveys by concerned authorities like Municipalities and Roads Departments.

Contour map of the area to be superimposed on the village/town/city maps
Survey of India maps

Subsoil such as types of strata, or at least 3 trial bores or trial pits per hectare
Groundwater table and its fluctuations from local enquiries and past records
Underground utility services and Survey of India bench marks

Location of streets and adjoining areas likely to be merged or annexed

Land use maps, density and trends of population growth and demographic studies
Type and number of industries for potential reuse and discharge of effluent
Existing drainage and sewerage facilities and data related to these facilities
Flow in sewers and sewers of similar areas to assess the flow characteristics
Historical and socioeconomic data

Problems of maintenance of existing sewers

Effluent disposal sites and their availability.

2.12.1.2 Survey of Natural Conditions

a)

b)

Societal preferences and local habits

Present status of the governmental, semi-governmental or municipal authority
sponsoring the project, its capacity, adequacy, effectiveness and the desirability of
its modification or necessity of a new organization to satisfactorily implement and
maintain the project.

2.12.1.3 Survey on Related Plans

Final Draft

Sewerage master plan

Other related sewerage plans

Long-term comprehensive development plans for cities and towns
Urban planning

City planning area, urbanization zone, and urbanization control area
Land use plan

Road plan

Urban development as rezoning, residential estates, and industrial complexes
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Design longitudinal section, transverse section
Design high water level and corresponding flood flow
Design low water level and corresponding flow

Other plans.

Survey on Pollution Loads and Receiving Bodies

Survey on generated pollution load

Existing conditions and future plans related to water supply

Existing conditions and future plans related to industrial uses

Population, industrial production, agriculture, forestry and animal husbandry
Data on quality and quantity of sewage from large factories, offices, etc.
Data on sewage generated from sightseeing sources

Data on wells

Data on standard unit pollution loads from different sources

Survey to gather information on receiving water bodies

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.

Survey on Existing Facilities

Underground installations

Existing sewerage and onsite sanitation facilities
Existing conditions of disposal of human waste
Existing conditions and alignment of road
Cultural assets and historic relics

Other existing facilities.

2.12.1.6 Survey on Resources of Sewerage System and its Utilization

a)

b)

Utilization of space in sewage treatment plant and pumping stations like space on
the top of STP structures or pumping stations is precious open space especially in
highly populated cities for terrace garden and green houses.

Utilization of space in large sewers as conduits for optical fibre cables.

2.12.1.7 Survey on Treated Sewage, Sludge and Biogas Utilization

a)

Final Draft

Reuse of treated sewage should be taken up after discussions between urban local
body, water boards, PHEDs / Jal Nigams and public, as the case may be. Various
possible reuses could be in case of farm forestry, greenbelt development, and lawns
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in road medians.

b)  Utilization of sludge, like public acceptance issues defy use of sludge in public
areas, best to focus on farm forestry.

C) Utilization of alternative energy, like in plant energy to be harnessed from
biomethanation and to evaluate the ambient temperature suitability or heating of
sludge vs. economics.

d) Reuse of treated sewage to a minimum extent of 20% by volume shall be
mandatorily explored and the proposed use for achieving this 20% target shall
mandatorily form part of the city sanitation plan.

e) Utilization of sludge as construction materials (as porous pavements, bricks, etc.).
2.12.1.8 Project Surveys

It should include overall survey of the population, their historical outlook, their willingness for a
change, acceptance of the concept to pay for the services, responsibility of local body under the
national law of the land and above all, a public hearing on these.

2.12.1.9 Preliminary Project Surveys

This is concerned with the broad aspects of the project. Data on aspects such as capacity
required, basic arrangement and size, physical features affecting general layout and design,
availability of effluent disposal facilities, probable cost and possible methods of financing, shall
be collected to prepare an engineering report describing the scope and cost of the project with
reasonable accuracy. In framing such estimates, due consideration must be given to the
escalation of prices of basic materials and their availability. While extreme precision and detail
are not required in this phase, all the basic data obtained must be reliable.

2.12.1.10 Detailed Project Surveys

Surveys for this phase form the basis for the engineering design as well as for the preparation of
plans and specifications for incorporation in the detailed project report. In contrast to
preliminary survey this survey must be precise and contain contours of all the areas to be served
giving all the details that will facilitate the designer to prepare design and construction of plans
suiting the field conditions. It should include, inter-alia, network of bench marks and traverse
surveys to identify the nature as well as extent of the existing underground structures requiring
displacement, negotiation or clearance. Such detailed surveys are necessary to establish rights-
of-way, minimize utility relocation costs, obtain better bids and prevent changing and rerouting
of lines.

2.12.1.11 Construction Surveys

All control points such as base lines and bench marks for sewer alignment and grade should be
established by the engineer along the route of the proposed construction. All these points should
be referred adequately to permanent objects.

a) Preliminary Layouts

Before starting the work, rights-of-way, work areas, clearing limits and pavement cuts should be
laid out clearly to ensure that the work proceeds smoothly. Approach roads, detours, by-passes
and protective fencing should also be laid out and constructed prior to undertaking sewer
construction work. All layout work must be completed and checked before construction begins.

b)  Setting Line and Grade
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The transfer of line and grade from control points, established by the engineers, to the
construction work should be the responsibility of the executing agency till work is completed.
The methods generally used for setting the line and grade of the sewers are discussed in Chapter
3. The procedures for establishing line and grade where tunnels are to be employed in sewer
system are also discussed.

2.12.1.12 Developmental Aspects

The following should be taken into account:

a)

b)
c)

d)
e)

f)

9)
h)

Types of land use, such as commercial, industrial, residential and recreational uses;
extent of areas to be served

Density of population, trends of population growth and demographic studies

Type and number of industries for determining quantity and nature of wastes, and
locations of their discharge points

Existing drainage and sewerage facilities and data related to these facilities

Flow in existing sewers and sewers of similar areas to assess the flow
characteristics

Historical and socioeconomic data
Basis of design and information on the maintenance of existing sewers

Effluent disposal sites and their availability.

Possible sources of information are census records, town and metropolitan master plans, city
development plans, regional planning records, land use plan, flow gauging records, stream flow
records, meteorological data and data from pollution control boards.

2.12.1.13 Fiscal Aspects

The various factors that will have an important bearing are:

a)
b)

c)

d)

Final Draft

Existing policies or commitments/obligations which may affect the financing of the
project

Outstanding loan amounts and instalments of repayments

Availability of Central and State Government loans, grant-in-aid, loans from other
financing bodies such as Life Insurance Corporation, Industrial Development
Corporation, HUDCO, International Bank for Reconstruction and Development
and other Banks and Institutions

Present water rates, sewer-tax and revenue realized from the service, size of
property plots and land holding, the economic condition of community with respect
to their tax-paying capacity

Factors affecting the cost of constructions, operation and maintenance. Some of the
information can be obtained from the records related to Municipal and State Tax
Levies, Acts and Rules governing loans, procedures for financing projects and
registers and records of the authorities maintaining water supply and sewerage
systems.
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2.12.1.14 Other Aspects
The considerations that are likely to influence the planning of sewerage system are:

a) Changes in political boundaries by physical acquisition or merger of adjacent
communities or by possible extension of limits

b)  Feasibility of multi-regional or multi-municipal systems

C) Prevailing water pollution prevention statutes, other rules and regulations related to
discharge of industrial and domestic wastes

d)  Present status of the governmental, semi-governmental or municipal authority
sponsoring the project, its capacity, adequacy, effectiveness and the desirability of
its modification or necessity of a new organization to satisfactorily implement and
maintain the project

e) Inconveniences likely to be caused to the community during execution and the
feasibility of minimizing them by suitable alignment or location of the components
of the sewerage system.

Possible sources of information are National Acts, State and Municipal Laws and Byelaws,
minutes of the past meetings of the municipal or other governing bodies and discussions with
officials, municipal councillors and other local leaders.

2.13 PROJECT REPORT
2.13.1 General

All projects have to follow distinct stages between the period they are conceived and completed.
The various stages are:

) Pre-investment planning
- Identification of a project
- Preparation of project report
o Appraisal and sanction
o Construction of facilities and carrying out support activities
) Operation and maintenance
o Monitoring and feed back
2.13.1.1 Project Reports

Project reports deal with all aspects of pre-investment planning and establish the need as well as
the feasibility of projects technically, financially, socially, culturally, environmentally, legally
and institutionally. For big projects economical feasibility may also have to be examined.
Project reports should be prepared in three stages viz. (i) identification report (ii) pre-feasibility
report and (iii) feasibility report. Projects for small towns or those forming parts of a
programme may not require preparation of feasibility reports. Detailed engineering and
preparation of technical specification and tender documents are not necessary for taking
investment decisions, since these activities can be carried out during the implementation phase
of projects. For small projects, however, it may be convenient to include detailed engineering in
the project report, if standard design and drawing can be adopted.
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Since project preparation is quite expensive and time consuming, all projects should normally
proceed through three stages and at the end of each stage a decision should be taken whether to
proceed to the next planning stage and commit the necessary manpower and financial resources
for the next stage. Report at the end of each stage should include a time table and cost estimate
for undertaking the next stage activity and a realistic schedule for all future stages of project
development, taking into consideration time required for review and approval of the report,
providing funding for the next stage, mobilizing personnel or fixing agency (for the next stage
of project preparation) data gathering, physical surveys, site investigations, etc.

The basic design of a project is influenced by the authorities/organizations who are involved in
approving, implementing, operating and maintaining the project. Therefore the institutional
arrangements, through which a project will be brought into operation, must be considered at the
project preparation stage. Similarly responsibility for project preparation may change at various
stages. Arrangements in this respect should be finalized for each stage of project preparation.
Some times more than one organization may have a role to play in the various stages of
preparation of a project. It is therefore necessary to identify a single entity to be responsible for
overall management and coordination of each stage of project preparation. It is desirable that the
implementing authority is identified and those responsible for operation of a project are
consulted at the project preparation stage.

2.13.2 Identification Report

Identification report is basically a desk study, to be carried out relying primarily on the existing
information. It can be prepared reasonably quickly by those who are familiar with the project
area and needs of project components. This report is essentially meant for establishing the need
for a project indicating likely alternatives which would meet the requirements. It also provides
an idea of the magnitude of cost estimates of a project to facilitate bringing the project in the
planning and budgetary cycle and makes out a case for obtaining sanction to incur expenditure
for carrying out the next stages of project preparation. The report should be brief and include the
following information:

a) Identification of the project area and its physical environment

b)  Commercial industrial, educational, cultural and religious importance and activities
in and around the project area (also point out special activities or establishments
like defence or others of national importance)

C) Existing population, physical distribution and socioeconomic analysis

d)  Present sewage collection, treatment and disposal arrangements in the project area,
pointing out deficiencies, if any, in system of collection and treatment

e) Population projection for the planning period, according to existing and future land
use plans or master plans, if any

f) Establish the need for taking up a project in the light of existing and future
deficiencies in sewage collection, treatment and disposal services, pointing out
adverse impacts of non-implementation of the project, on a time scale

0) Bring out, how the project would fit in with the national/regional/sectoral strategies
and with the general overall development in the project area

h) Identify a strategic plan for long term development of sewage collection, treatment
and disposal services in the project area, in the context of existing regional
development plans and such other reports, indicating phases of development
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i) State the objectives of the short term project under consideration, in terms of
population to be served and the impact of the project after completion, clearly
indicating the design period

) Identify project components, with alternatives if any; both physical facilities and
supporting activities

K) Preliminary estimates of costs (component-wise) of construction of physical
facilities and supporting activities, cost of operation and maintenance

1) Identify source for financing capital works and operation and maintenance, work
out annual burden (debt servicing + operational expenditure)

m) Indicate institutions responsible for project approval, financing, implementation,
operation and maintenance (e.g., Central Government, State Government, Zilla
Parishad, Local Body, Water Supply Boards)

n) Indicate organization responsible for preparing the project report (pre-feasibility
report, feasibility report), cost estimates for preparing project report and sources of
funds to finance preparation of project reports

0) Indicate time table for carrying out all future stages of the project and the earliest
date by which the project might be operational

p) Indicate personnel strength required and training needs for implementation of the
project. Indicate if any particular/peculiar difficulties of policy or other nature that
are likely to be encountered for implementing the project and how these could be
resolved

g)  Recommend actions to be taken to proceed further.
The following plans may be enclosed with the report:

i) An index plan to a scale of 1 cm = 2 km showing the project area, existing works,
proposed works and location of community/township or institution to be served

ii)  Aschematic diagram showing the salient levels of project component.
2.13.3 Prefeasibility Report

After clearance is received, on the basis of identification report from the concerned authority
and/or owner of the project and commitments are made to finance further studies, the work of
preparation of prefeasibility report should be undertaken by an appropriate agency, which may
be a central planning and design cell of the Department dealing with Sewerage Board, Local
Body, or professional consultants working in the water supply-sanitation environmental areas.
In the latter case terms of reference for the study and its scope should be carefully set out.
Prefeasibility study may be a separate and discrete stage of project preparation or it may be the
first stage of a comprehensive feasibility study. In either case it is necessary that it precedes
taking up of a feasibility study because the prefeasibility study is essentially carried out for
screening and ranking of all project alternatives, and to select an appropriate alternative for
carrying out detailed feasibility study. The prefeasibility study helps in selecting a short term
project which will fit in the long term strategy for improving services in the context of overall
perspective plan for development of the project area.

A prefeasibility report can be taken to be a Preliminary Project Report, the structure and
component of which are as follows:
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i) Executive summary
ii)  Introduction
iii)  The project area and the need for a project
iv)  Long term plan for sewage collection, treatment and disposal
V) Proposed sewage collection, treatment and disposal project
vi)  Conclusions and recommendations
vii) Tables, figures/maps and annexes.
2.13.3.1 Executive Summary

It is a good practice to provide an Executive Summary at the beginning of the report, giving its
essential features, basic strategy, approach adopted in developing the project and the salient
features of financial and administrative aspects.

2.13.3.2 Introduction

This section explains the origin and concept of the project, how it was prepared and the scope
and status of the report. These subsections may be detailed as under:

a) Project Genesis

i) Describe how the idea of the project originated, agency responsible for promoting
the project.

ii)  List and explain previous studies and reports on the project, including the project
identification report and agencies which prepared them

iii)  Describe how the project fits in the regional development plan, long term sector
plan, land use plan, public health care and sewage management programme, etc.

b) How was the Study Organized

i) Explain how the study was carried out, agencies responsible for carrying out the
various elements of work and their role in preparing the study.

ii)  Time table followed for the study.
C) Scope and Status of the Report
i) How the pre-feasibility report fits in the overall process of project preparation
ii)  Describe data limitation
iii)  List interim reports prepared during the study

iv)  Explain the prefeasibility report is intended to be used for obtaining approval for
the proposed project.

2.13.3.3 Project Area and the Need for the Project
This section establishes the need for the project. It should cover the following main items.
2.13.3.3.1 Project Area

i) Give geographical description of the project area with reference to maps
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vii)

viii)

2.13.3.3.3
i)

vii)

viii)

Final Draft

Describe special features such as topography, climate, culture, religion, migration,
etc., which may affect project design, implementation and operation

Map showing administrative and political jurisdiction

Describe any ethnic, cultural or religious aspects of the communities which may
have a bearing on the project proposal.

Population Pattern

Estimate population in the project area, indicating the sources of data or the basis
for the estimate

Review previous population data, historic growth rates and causes

Estimate future population growth with different methods and indicate the most
probable growth rates and compare with past population growth trends

Compare growth trends within the project area, with those for the region, state and
the entire country

Discuss factors likely to affect population growth rate

Estimate probable densities of population in different parts of the project area at
future intervals of time e.g. five, ten and twenty years ahead

Discuss patterns of seasonal migration, if any, within the area

Indicate implication of the estimated growth pattern on housing and other local
infrastructure.

Economic and Social Conditions

Describe present living conditions of the people of different socioeconomic and
ethnic groups

Identify locations according to income levels or other indications of socioeconomic
studies

Show on the project area map location-wise density of population, poverty groups
and ethnic concentrations and the present and future land uses (as per development

plan).
Information on housing conditions and relative proportions of owners and tenants
Provide data on education, literacy and unemployment by age and sex

Provide data and make projection on housing standards and average household
occupancy in various parts of the project area

Describe public health status within the project area with particular attention to
diseases related to water and sanitary conditions

Provide data on maternal and infant mortality rates and life expectancy

Discuss the status of health care programmes in the area, as well as other projects
which have bearing on improvements in environmental sanitation.
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2.13.3.34
i)

2.13.3.3.5

Sector Institutions

Identify the institutions (Government, Semi-Government, Non-Government) which
are involved in any of the stages of water supply and sanitation project
development in the area (Planning, preparing projects, financing, implementation,
operation and maintenance and evaluation)

Comment on roles, responsibilities and limitation (territorial or others) of all the
identified institutions, in relation to water supply and sanitation (This may also be
indicated on a diagram).

Existing Sewage Collection, Treatment and Disposal Systems and Population
Served

Describe each of the existing sewage collection, treatment and disposal systems (including
conventional, decentralized, and onsite systems) in the project area, indicating the details as

under:

i)

i)
2.13.3.3.6

Area served, quantity and quality of sewage collected, components of the system
such as collection network, pumping stations, treatment works and effluent reuse
and disposal methods, etc.

Private sewage disposal methods such as septic tanks, on site latrines, etc.

Drainage and Solid Wastes

Briefly describe existing systems of storm water drainage and solid waste collection and
disposal. This discussion should be focused in terms of their impact on sewerage management
and environment.

2.13.3.3.7
i)

i)

i)

Need for the Project

Comment as to why the existing system cannot satisfy the existing and projected
demands for services with reference to population to be served

Describe the consequences of not taking up a project, (which may include
rehabilitation or developing a new system)

Indicate priorities to improvement of existing system, expansion of systems,
construction of new system, assessment of the need for consumer education in
hygiene and comments on urgency of project preparation and implementation.

2.13.3.4 Long Term Plan for Sewage Collection, Treatment and Disposal

a)

b)

Final Draft

Sewage collection, treatment and disposal services have to be planned as a phased
development programme and any short term project should be such as would fit in
the long term strategy. Such a long term plan or the strategic plan should be
consistent with the future overall development plans for the areas. A long term plan
may be prepared for a period of 30 years and alternative development sequences
may be identified to provide target service coverage at affordable costs. From these
alternative development sequences, a priority project to be implemented in short
term can be selected. It is this project which then becomes the subject of a
comprehensive feasibility study.

Alternative development sequences should be identified in the light of the
coverages to be achieved during the planning period in phases. This calls for
definition of the following:
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i) Population to be covered with improved sewage management facility

ii)  Target dates by which the above mentioned coverage would be extended within
the planning period, in suitable phases

iii)  Consistency and coordination to be maintained between projections for both
water supply and sanitation services.

C) It must be noted that availability of funds is one of the prime factors which will
ultimately decide the scope and scale of a feasible project

d)  Selection of a Strategic Plan

Each of the alternative development sequences, which can overcome the existing
deficiencies and meet the present and future needs, consists of a series of improvements
and expansions to be implemented over the planned period. Since all needs cannot be
satisfied in immediate future, it is necessary to carefully determine priorities of target
groups for improvement in services and stages of development and thus restrict the
number of alternatives.

e) Planning for system requirement includes consideration of the following:
i) Possibilities of rehabilitating and/or de-bottlenecking the existing systems
ii)  Alternative treatment systems and pumping schemes

f) It may also be necessary to ascertain if supporting activities like health education,
staff training and institutional improvements etc., are necessary to be included as
essential components of the project. All the physical and supporting input need to
be carefully costed (capital and operating) after preparing preliminary designs of
all facilities identified for each of the development sequences. These may then be
evaluated for least cost solution by ‘net present worth’ method, which involves
expressing all costs (capital and operating) for each year in economic terms,
discounting future costs to present value, selecting the sequence with the lowest
present value.

g)  As stated above, costs are to be expressed in economic terms and not in terms of
their financial costs. This is because the various alternatives should reflect resource
cost to the economy as a whole at different future dates. Costing of the selected
project may however be done in terms of financial costs, duly considering inflation
during project implementation.

2.13.3.5 Proposed Sewerage Project
a) Details of the Project

The project to be selected may consist those components of the least cost alternative of
development sequence, which can be implemented during the next 3 to 4 years. Components of
the selected project may be as follows:

i) Rehabilitation and de-bottlenecking of the existing facilities
ii)  Construction of new facilities for improvement and expansion of existing systems
iii)  Support activities like training, consumer education, public motivation, etc.

iv)  Equipment and other measures necessary for operation and maintenance of the
existing and expanded systems
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APPENDIX A SYMBOLS

degrees centigrade mid million litres per day
amp ampere mm millimetre
BODs 5 days biochemical oxygen demand mps metre per second
cc cubic centimetre MWL maximum water level
cm centimetre ORP oxidation reduction potential
CM cement mortar Pr primary
cumecs cubic metre per second PSS percent soluble sodium
d day rph revolution per hour
Eqor Egn | equation rpm revolution per minute
FIM food to micro organisms ratio SS.T secondary sedimentation tank
Gl galvanised iron T tonnes
gm gramme TF trickling filter
h, hr hour w watt
ha hectare
HSV hydraulic subsidence value
IS Indian standard
kcal kilo calorie
kg kilogram
kgf kilogram force
kL kilo litre
kLD kilo litre per day
km kilometre
kw kilowatt
kwh kilowatt hour
| litre
Ipm litre per minute
Ips litre per second

metre

2 square metre
X cubic metre

meq milliequivalent
min minute
mi millilitre
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APPENDIX B CONVERSION FACTORS
Length =1.60795 cu yd
lin =254 mm =0.00081071 | acre ft
11t =0.3048 Weight
1lyd =0.9144 1 grain = 0.0648 g
1 mile =1.6093 km loz = 28.3495 g
1 mm =0.039%4 in 11lb = 0.4366 kg
lcm =0.3934 in 1ton = 1.01605 tonnes
=0.0328 1lg = 15.45254 grains
1m =3.2808 =0.0352740 | oz
Im =1.0936 yd 1kg = 2.20462 Ib
1km =0.6214 mile 1 tonne =0.98421 ton
Area Density
1sqin = 645.163 sq mm 1 Ib/ft® =16.0185 kg/m® or g/l
= 6.4516 sq cm 1 kg/m® = 0.0624 Ib/ft®
1sq ft =0.0929 sgm Capacity
1sqyd =0.8361 sqgm 1 gal (UK) = 4.54609 |
1 sq mile =2.59 sg km =0.00454609 | cum
1 acre = 0.4047 ha = 0.160544 cu ft
= 4046.86 sqgm 1 gal (US) =0.00378541 | cum
1sqgmm =0.00155 sq in =3.78533 I
1sgcm =0.1550 sg in = 0.832675 UK gal
lsgm =10.7639 sq ft =0.133681 cu ft
=11960 | sqyd Gy | =04z
Lha =24710 | acre 1 fluid oz (US) | = 295729 | ml
000386 | sqmile 1 fluid oz (UK) | = 28.4123 | ml
1sq km =0.3861 sg mile 11 = 0.001308 cu yd
= 247.105 acre =0.2200 gal (UK)
Volume =0.264172 | gal (US)
lcuin =16.8871 cucm =0.0353147 | cuft
lcuft =0.0283 cum Force
lcuyd =0.7646 cum 1 Ibf = 4.44822 N
1 acre ft =1233.48 cum = 0.453592 kgf
lcucm = 0.061024 cu in 1 tonf = 0.96402 kN
lcum =35.815 cu ft
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1 pdl =0.138255 N 1 therm = 105.506 MJ

G (accelerat_ion = 321740 ft/sec? 1 ft Ibf =1.35582 J

due to gravity)
= 980.665 cm/sec? 1 kw = 1.34102 Horse-power
1N - 1 kwh =36 MJ

Cor 10°dynes) | = 0.101972 | kgf - e
=0.224809 | Ibf L = 0.73756

1 kgf =220462 | Ibf LK = 0277778 | wh

fi =1 2
RUN - off 1 ft Ibf/s 3558 w
3 Velocit

LICISILO00 | Gog724 | Uisikm? Y

acre 1 fps =0.0348 m/s

1 ft¥/s/mile® =10.9332 I/s/km?

=1.0973 km/h
1 l/s/km? =0.142915 | ft*/s/1,000acre :
1 mile/h = 0.4470 m/s
=0.0914645 | ft*/s/mile?
=1.6093 km/h
P d St
ressure and Stress L mis _ 30808 fos
s 02 — 2
1 Ib/in =0.0703 kg/cm — 29369 mile/h
2 — 2
1 Ib/ft = 4.88243 kg/m 1 km/h — 0.9113 fps
-2 — 2

1 ton/in =1.5749 kg/mm 06214 mile/h
— 2

1 atm = 101325.0 N/m Treatment Loading Rates
=760.0 mm Hg ] =
= 1.01325 bar sl 0.00705555 | ™"

— 1 UK gal/ftth | =0.0135927 | mm/s
=14.6959 Ibf/in

1 UK gal/iftth | = 1.17441 m*/m?/d

- 338084 | MH.O 1 million UK
=29.9213 in Hg gal/acre/d = 00130016 | mm/s
-103322 | kg/n? =1.12336 | m*/m?/d
=10.3322 H,O 1 UK =14.915 Ipd/m
=1V mh, gal/day/ft '

1 kglem® =14.223 Ib/in? =0.014915 | m*/day/m
=10 m H,0 1USgal/ftth | =0.011380 | mmVs
=0.96784 atm 1USgal/ftth | =0.977879 | m¥m*d

1 kg/m’ =0.204816 | Ib/ft® 1 million US| _ 41108958 | mmvs

. — gal/acre/d

1 kg/mm = 0.6850 ton/ " 1 US galiday/ft | = 12.915 Ipd/m

pdl/ft

1atm =68087.0 | (where 1 pd =0.0124191 | m*/day/m

= 0.138255 N) .
2 1 mm/s =141.732 in/h
1 mm Hg =2.78450 Ib/ft
= 73.5689 UK gal/ft’/h

Energy and Power -

— 76.9130 million UK

1 horse- power | = 0.745700 kw T gal/acre/d

1 Btu = 1.05506 KJ 1 m*/m?/d =0.85149 UK gal/ftZ/h
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APPENDICES

— 0.8890187 million UK
' gal/acre/d
1 m*/day/m = 67.466 UK gal/day/ft
Hardness
GLarl(nsierr Grains per
g US gal
mg/I CaCoO; CaCo
CaCO; (Clark scale- Armeri 8
British (American
degrees) degrees)
1.00 0.07 0.058
14.29 1.00 0.83
17.15 1.20 1.00
10.00 0.70 0.58
17.86 1.25 1.04
2.57 0.18 0.15
Pl%r(;csoggr Parts per Parts per
i 100,000 CaO | million Ca
CaCOs; .
(German (Russian
(French degrees) degrees)
degrees) g g
0.10 0.056 0.40
1.43 0.80 5.72
1.72 0.96 8.86
1.00 0.56 4.00
1.79 1.00 7.14
0.26 0.14 1.03
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APPENDICES

APPENDIX C LIST OF INDIAN STANDARDS RELATING TO SEWERAGE
AND SEWAGE TREATMENT

S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
General

1 SP 7:1983 SP 7:2005 National Building code of Indian 1983 — Part IX
Plumbing services — Drainage and Sanitation.
National building code of India (GROUP 1 TO
5)

2 SP 35:1987 Handbook on Water Supply and Drainage with
special emphasis on plumbing

3 IS 456:1978 IS 456:2000 Code of practice for plan and reinforced
concrete (third revision)

Code of practice for plain and reinforced
concrete (fourth revision)

4 IS 457:1957 Code of practice for general construction of
plain and reinforced concrete for dams and other
massive structures

5 IS 460 (PT1): Specification for test sieves part | wire cloth test

1985 sieves (third revision)
6 IS 460 (PT 2): Specification test sieves part Il Perforated
1985 plate test sieves (third revision)
Final Draft A-5
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
7 IS 460 (PT 3): Specification for test sieves : part 111 methods of
1985 examination of apertures of test sieves ( third
revision)

8 IS 962: 1967 1S 962: 1989 Code of practice for architectural and building
drawings (first revision)

9 IS 1200 (PT 16) : | The code number is Method of measurement of building and civil

1987 incorrect engineering works Part 16: laying of water and
IS 1200 (PT 16) : sewer lines including appurtenant items ( third
1979 revision)
10 | 1S 1200 (PT 19): Method of measurement of building and civil
1981 engineering works Part 19: water supply,
plumbing and drains ( third revision)

11 | 1S1343:1980 Code of practice for prestressed concrete ( first
revision)

12 | 1S 1495: 1970 Specification ef for mild steel dust- bins (first
revision)

13 | (a) part 1- 1964 IS 1554 part 1- 1988 PVC insulated (heavy duty) electric cables: Part
1 For working voltage upto and including 1100
volts

14 | (b) part 11-1970 | IS 1554 part I1- 1988 PVC insulated (heavy duty) electric cables: Part
2 For working voltage form 3.3 KV upto and
including 11 KV.

15 | 1S 1607 : 1977 Methods for test sieving (first revision)

16 | 1S 2064: 1973 1S 2064: 1993 Code of practice for selections, installation and
maintenance of sanitary appliances (first
Revision)

17 | 1S 2174 : 1962 Specification for reinforced concrete dust bins

18 | 1S 2212: 1962 1S 2212 :1991 Code of practice for brickworks

19 | 1S 2431:1963 Steel wheel barrows (single wheel type)
Specification for steel wheel barrows (single
barrow type)

20 |[I1S3370(PT1): 1S 3370 (PT 2):2009 IS | Code of practice for concrete structures for the

1965 3370 (PT 1):2009 storage of liquids; part 1 General requirements

21 | 1S 3370 (PT 1S 3370 (PT 2):2009 Code of practice for concrete structures for the

2):1965 storage of liquids: Part 11 reinforced concrete
structures.

22 | 1S 3370 (PT 3): Code of practice for concrete structures for the

1967

storage of liquids: Part 11 Prestressed Concretes
Structures.

Final Draft
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
23 | IS 3370 (PT Code of practices of concrete structures for the
4):1967 storage of liquids: Part 1V Design tables.
24 | IS 3764: 1966 1S 3764: 1992 Safety code for excavation work.
25 | 1S 3861: 1975 1S 3861: 2002 Method of measurement of plinth, carpet and
reatable rentable area of buildings {first-version)
(second version)
26 | 1S4081:1986 Safety code for blasting and related drilling
operations.
27 | 1S 4682 (PT 1): IS 4682 (PT 1): 1994 Code of practice ef for lining of vessels and
1968 equipment for chemical processes Part | Rubber
lining.
28 | 1S 4682 (PT 2): Part 2 Glass Enamel lining
1969
29 | 1S 4682 (PT 3): Part 3 Lead lining
1969
30 | 1S 4682 (PT 4): IS 4682 (PT 4): 1998 Part 4 Lining with Sheet Thermoplastics
1969
31 | 1S 4682 (PT 5): Part5 Epoxide resin lining
1970
32 | 1S 4682 (PT 6): Part 6 Phenolic resin lining
1970
33 [ 1S 4682 (PT 7): Part 7 Corrosion and heat resistant metals
1974
34 | 1S 4682 (PY 8): Part 8 Precious metal
1974
35 | 1S 4682 (PT9): Part 9 Titanium
1974
36 | IS 4682 (PT 10): Part 10 Brick and tile
1974
37 | 1S 4854 (PT 1): Glossary of terms for valves and their parts: Part
1969 1 Screw down stop check and gate valve and
their parts.
38 | 1S 4854 (PT 2): IS 4854 (PT 2): 1968 Glossary of terms of for valves and their parts:
1969 Part 2 Plug valves and cocks and their parts.
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
39 | 1S4883:1980 Specification for sewer bricks (first version)(IS
4883:1980 Specification for Khoa
40 | 1S 4885:1988 Specification for sewer bricks
41 | 1S 4926 :1976 IS 4926 : 2003 Ready mixed concrete — Code of Practice
42 | 1S5421:1981 Glossary of terms relating to test sieves and test
sieving (first version)
43 | IS5742(PT 1): Terms and symbols-for sieve bottoms: Part 1
1970 Woven and welded wire screens
44 | 1S5742 (PT 2): Terms and symbols for sieve bottoms: Part 11
1970 Perforated Plates.
45 | 1S7331:1981 Code of practice for inspection and maintenance
of cross-drainage works (first version)
46 | 1S 7357 :1974 Code of practice for structural design of surge
tanks.
47 | IS7784 (PT 1): IS 7784 (PT 1): 1993 Code of practice for design and of cross
1975 drainage work : Part 1 General features
48 | 1S7784 (PT Code of practice for design of cross drainage
2/Secl): 1983 IS 7784 (PT 2/Secl): works: Part 2 Specific requirements section 1
1995 Agueducts.
49 | IS7784(PT 2/Sec | IS 7784(PT 2/Sec 2): Code of practice for design of cross drainage
2): 1980 2000 works: Part 2 specific requirements section 2
Super passages.
50 | IS 7784(PT 2/SEC | IS 7784(PT 2/SEC 3): Code of practice for design of cross drainage
3): 1981 1996 works : Part 2 Specific requirements section 3
Canal syphons
51 IS 7784(PT 2/SEC 4): Code of practice for design of cross drainage
1999 works : Part 2 Specific requirements section 4
Level Crossings
52 IS 7784(PT 2/SEC 4): Code of practice for design of cross drainage
2000 works : Part 2 Specific requirements section 5
IS 7784(PT 2/SEC 5): Syphon aqueducts
2000
53 | IS 7861 (PT Code of practice for extreme weather concreting
1):1975 part 1 Recommended practice for hot weather
concreting
54 | 1S 7861 (PT 2): Code of practice for extreme weather

1981

concerting : Part 1| Recommended practice for
cold weather concreting.
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
55 | 1S7969:1975 Safety code for handling and storage of building
materials
56 | 1S9913: 1981 1S 9913 : 2000 Code of practice for construction of cross
drainage works
57 | 1S10262 : 1982 1S 10262 : 2009 Recommended guidelines for concrete mix
design proportioning.
58 | 1510483 :1983 Code for designating perforation of industrial
plate sieves (Identical with ISO/DIS 7806)
59 | IS 11389:1986 | The code number is Methods of test for performance of concrete
IS 11389:1985 | incorrect vibrators; immersion type
60 |[1S11993:1987 Code o' practice tor use of screed board concrete
vibrators.
61 | 1S12119:1987 General requirements for pan mixers for
concrete
62 | 1S12440:1988 Specification for precast concrete stone masonry
blocks
63 | 1S12468:1988 General requirements for vibrators for mass
concreting : immersion type
64 IS 12592 :1988 IS Precast concrete manhole covers and frames —
12592 :2002 Specification
PIPES AND
FITTINGS
1 GENERAL
65 |[IS 782:1979 Specification for Caulking lead {third revision)
IS 782:1978
66 |[IS 5382.1985 Specification for Rubber sealing rings for gas
mains, water mains and sewers (first revision)
67 | 1S6837:1973 Specification for Three wheel type pipe cutter
(first revision)
68 | 1S6843:1984 Technical supply conditions for pipe cutters

(first revision)
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.

69 |1S6881:1973 Specification for Link type pipe cutters

70 |1S10883:1984 Specification for Single wheel type pipe cutters

71 | 1S 11906 : 1986 Recommendations for cement-mortar lining for
cast-iron, mild steel and ductile-iron pipes and
fittings for transportation of water

72 | 1S12820:1989 1S 12820 : 2004 Dimensional requirements for rubber gaskets for
mechanical joints and bush joints for use with
cast iron pipes water, gas and sewage.
Dimensional Requirements of Rubber Gaskets
for Mechanical Joints and Push-on Joints for
Use with Cast Iron Pipes and Fit

2. CONCRETE

73 | 1S458:1988 IS 458 : 2003 Precast Concrete Pipes(with and without
reinforcement) - Specification (Fourth Revision)

74 | 1S 783:1985 Code of practice for laying of concrete pipes
(first revision)

75 | 1S784:1978 1S 784 : 2001 Prestressed concrete pipes (including fittings)-
Specification (Second Revision)

76 | 1S1916:1989 Steel cylinder reinforced concrete pipes (first
revision) Steel cylinder pipe with concrete
lining and coating - Specification

77 | 1S 3597 ;1985 IS 3597 ; 1998 Methods of test for concrete pipes (first
revision)

78 | 1S7322:1985 Specification for Specials for steel cylinder
reinforced concrete pipes (first revision)

3. ASBESTOS
CEMENT
79 There is no such code
IS 1592:2003 Asbestos Cement Pressure Pipes and Joints -
Specification

80 | 1S5531:1988 Cast iron specials for ashestos cement pressure
pipes for water, Gas and Sewage (second
revision)

81 | 1S5913:1989 1S 5913 : 2003 Methods of test for ashestos cement products

(first revision)
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.

82 | 1S6530:1972 Code of practice for laying of asbestos cement
pressure pipes

83 |[1S8794:1988
Cast iron detachable joints for use with asbestos
cement pressure pipe (first revision)

84 | 1S 9627 :1980 Specification for asbestos cement pressure pipes
(light duty)

85 |[1S10232:1988 1S 10232 : 2003 Dimensional requirement for rubber sealing
rings for cast iron detachable joints in ashestos
cement piping (first revision)

86 | 1S10299: 1982 Cast Iron saddle pieces for service connection
from asbestos cement pressure pipes

87 |:Partl 1986 | 1S 11769: Part1 1987 | Guidelines for safe use of products containing
asbestos: Asbestos cement products

88 | 1512987 ;1990 1S 12987 ; 1991 Guidelines for safe use of products containing
asbestos- Cast Iron detachable joints for use
with asbestos cement pressure pipes (light duty)

89 | 1512988 : 1990 1S 12988 : 1991 Dimensional requirements for rubber sealing
rings for CID joints in asbestos cement piping
for light duty AC pipes

4. CAST IRON
PIPES
90 |[1S1230:1979 Superseded by IS 1729: | Cast iron rain water pipes and fittings (second
2002 revision)
Cast iron/Ductile iron Drainage Pipes and Pipe
Fittings for over ground non pressure pipeline
socket and spigot series.

91 | 1S1536:1989 IS 1536 : 2001 Centrifugally cast (spun) iron pressure pipe for
water, gas and sewage (second revision)

92 |1S1537;1976 vertically cast iron pressure pipes for water, gas
and sewage (first revision)

93 Actual Code 1S 1538: 1993 Cast iron Fittings for pressure pipes for water,
gas and sewerage (Third revision)

94 | 1s1879:1987 Is 1879 : 2010 Malleable cast iron pipe fittings-Specification
(second revision)

95 | 1S3114:1985 1S 3114 :1994 Code for practice for laying of cast iron pipes

(Second Revision)
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.

96 | 1S3516: 1966 Cast iron pipe flanges and flanged fittings for
petroleum industry

97 | 1S3989:1984 1S 3989 : 2009 Centrifugally cast (spun) iron spigot and socket
soil, waste and ventilating pipes, fittings and
accessories-(third revision)

98 |1S6163:1978 Centrifugally cast (spun) iron low pressure
pipes for water, gas and sewage (first revision)

99 |1S7181:1986 Horizontally cast iron double flanged pipes for
water, gas and sewage (first revision)

100 | 1S8329:1990 1S 8329 : 2000 Centrifugally cast (spun) ductile iron pressure
pipes for water gas and sewage (Third revision)

101 | 1S 11606 : 1986 Methods of sampling of cast iron pipes and
fittings.

102 | 1S 12288 :1987 Code of practice for use and laying of ductile
iron pipes

5. STEEL

103 | Part 1- 1979 IS 1239 Part 1- 2004 Mild steel tubes (fourth revision)
Steel Tubes, Tubulars and Other Wrought Steel
Fittings - Specification - Part 1 : Steel Tubes

104 | Part 2 —1982 IS 1239 Part 2- 1992 Mild steel tubulars and other wrought steel pipe
fittings

105 | 1S 1978 :1982 Superseded by 1S/1SO Line pipe (second revision)

3183:2007 Petroleum and Natural Gas Industries - Steel

Pipe for Pipeline Transportation Systems
(Amalgamating 1S1978:1982 and

106 | 1S 3589:1991 1S 3589 : 2001 Electrically welded steel pipes for water, gas
and sewage (150 to 2000 mm nominal size )
(Second revision)

107 | 1S5504 : 1969 1S 5504 : 1997 Specification for Spiral welded pipes

108 | 1S5822:1986 1S 5822 :1994 Code of practice for laying of welded steel pipes
for water supply ( first revision)
Code of practice for laying of electrically
welded steel pipes for water supply ( Second
revision)

109 | 1S6392:1971 Steel pipe flanges
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S.No. | Indian Standard

The updated IS code

Title of Indian Standard

Code No.
110 | 1S 8062 1S 8062 : 2006 Code of practice for cathodic protection of steel
structures.
Code of practice for cathodic protection of
buries pipeline/structure for transportation of
natural gas, oil and liquids (First revision)
6. STONEWARE
111 | 651:1980 651 : 2007 Salt glazed stoneware pipes and fittings (fourth
revision)
Glazed stoneware pipe and fittings -
Specification (sixth revision)
112 | 3006 : 1979 Chemical resistant glazed stoneware pipes and
fitting (first revision)
Specification for chemically resistant glazed
stoneware pipes and fittings  (first revision)
113 | 4127 :1983 Code of practice for laying of glazed stoneware
pipes (first revision)
7. PLASTIC
114 | 1S 4984 :1987 1S 4984 : 1995 High density polyethylene pipes for potable

water supplies, sewage and industrial effluents
(third revision)
Specification for high density p

115 | Part1-1975

IS 7634 Part 1 - 1975

Code of practice for plastic pipe work for
potable water supplies-Choice of materials and
general recommendations

116 | Part2-1975

IS 7634 Part 2 — 1975

Code of practice for plastics pipe work for
potable water supplies-Laying and jointing of
polyethylene ( PE) pipes.

117 | Part1-1976

IS 8008 Part 1 — 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 1
General requirements

118 | Part2-1976

IS 8008 Part 2 — 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 2
Specific requirements for 90 degrees bends.

119 | Part 3 -1976

IS 8008 Part 3 — 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 3
Specific requirements for 90 degrees tees.

120 | Part4 —1976

IS 8008 Part 4 — 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 4
Specific requirements for reducers.

121 | Part5-1976

1S 8008 Part 5 - 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 5
Specific requirements for ferrule reducers.

122 | Part 6 — 1976

1S 8008 Part 6 — 2003

Specification for injection moulded HDPE
fittings for potable water supplies: Part 6
Specific requirements for pipe ends.
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
123 | Part 7 1976 IS 8008 Part 7 — 2003 Specification for injection moulded HDPE

fittings for potable water supplies: Part 7
Specific requirements for sandwich flanges

124 | Part1-1977 IS 8360 Part 1 - 1977 Fabricated high density polyethylene (HDPE)
fittings for potable water supplies: Part 1
General requirements

125 | Part 2 -1977 1S 8360 Part 2 — 1977 Specification for Fabricated high density
polyethylene (HDPE) fittings for potable water
supplies: Part 2 Specific requirements for 90
degree tees.

126 | Part 3-1977 1S 8360 Part 31977 Specification for Fabricated high density
polyethylene (HDPE) fittings for potable water
supplies: Part 3  Specific requirements for 90
degree bends.

127 | 1S12709:1989 1S 12709 : 1994 Specification to glass fibre reinforced plastics
(GRP) pipes for use for water supply and
sewerage

Specification

PITCH
IMPREGNATED
FIBRE

128 | 1S 119251987 1S 11925 : 1986 Specification for pitch-impregnated fibre pipes
and fittings for drainage purposes

PUBLIC HEALTH AND SANITATION

Waste water handling equipment

129 | 1S5600: 1970 1S 5600 : 2002 Pumps - Sewage and Drainage - Specification
130 | 1S6279:1971 Specification for Equipment for grit removal
devices
131 | 1S6280:1971 Specification for Sewage screens
132 | 1S7232:1974 Method for imhoff cone test.
133 | IS 8413 (PT Requirements for biological treatment
1):1977 equipment part 1 trickling filters
134 | 1S 8413 (PT 2): Requirements for biological treatment
1982 equipment part 2 activated sludge process and
its modifications.
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S.No. | Indian Standard | The updated IS code Title of Indian Standard
Code No.
135 | 1S9110:1979 Specification for Hand operated augers for
cleaning water closets, pipes and sewers.
136 | 1S9213:1979 Specification for BOD Bottle
137 | 1S 10037(PT Requirements for sludge dewatering equipment
1):1981 part 1 Sludge drying beds-sand, gravel and
under drains.
138 | 1S 10037(PT 2): Requirements for sludge dewatering equipment
1983 part 2 vacuum filtration equipment
139 | IS 10037(FT 3): Requirements for sludge dewatering equipment
1983 part 3 Centrifugal equipment (Solid bowl type)
140 | 1S 10261 : 1982 Requirements for settling tank (clarifier
equipment) for waste wafer
Requirements for settling tank (clarifier
equipment) for waste water treatment
141 | 1S 10552 : 1983 Specification for buckets to be used in power
driven buckets type sewer cleaning machine
142 | 1S 105533(PT1):1983 IS Requirements for chlorination equipment Part 1
10553(PT1):1983 General guidelines for chlorination plants
including handling, storage and safety of
chlorine cylinders and drums.
143 | 1S 105533(PT2):1983 IS | Requirements for chlorination Part 2 Vacuum
10553(PT2):1983 feed type chlorinators Requirements for
chlorination equipment Part 2 Vacuum feed type
chlorinators
144 | 1S 105533(PT3):1983 IS | Requirements for chlorination Part 3 Gravity
10553(PT4):1983 feed type gaseous chlorinators.  Requirements
for chlorination equipment Part 4 Gravity feed
type gaseous chlorinators.
145 | IS Requirements for chlorination Part5 Bleaching
10553(PT5):1987 powder solution feeder displacement type
chlorinators ~ Requirements for chlorination
equipment Part5 Bleaching powder solution
feeder displacement type chlorinators
146 | 1S 10595 : 1983 Requirements for power driven bucket-type
sewer cleaning machine
147 | 1S 11117 :1984 Requirements for power driven rodding
machine for sewers.
148 | 1S 11387 : 1985 Requirements for high pressure jetting machine
for sewer cleaning.
149 | 1S 11397 :1985 Attachment tools for power driven rodding
machine.
Specification for attachment tools for power
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driven rodding machine for sewers.
CODE OF
PRACTICES

150 | 1S1172:1983 1S 1172 : 1993 Code of basic requirements for water supply,
drainage and sanitation {hirdrevisien) (Fourth
revision)

151 | 1S1742:1983 Code of practice for Building drainage (Second
revision)

152 | 1S2470 (PT Code of practice for installation of septic tanks;

1):1985 Part 1 Design, criteria and construction (Second
revision)

153 | iS 2470 (PT 2): Code of practice for installation of septic tanks :

1985 Part 2 secondary treatment and disposal of
septic tank effluent (second revision)

154 | Pari1; 1986 IS 4111 Part 1 ; 1986 Code of practice for ancillary structures in
sewerage system -Manholes (first revision)

155 | Part 2: 1985 IS 4111 Part 2 ; 1985 Code of practice for ancillary structures in
sewerage system -Flushing tanks (first revision)

156 | Part 3:1985 IS 4111 Part 3: 1985 Code of practice for ancillary structures in
sewerage system Inverted syphon(first revision)

157 | Part4: 1968 IS 4111 Part 4: 1968 Code of practice for ancillary structures in
sewerage system-Pumping stations and
pumping mains (rising main).

158 IS 4111 Part 5: 1993 Code of practice for ancillary structures in
sewerage system-Tidal outfalls

159 | 1S5329 ;1983 Code of practice for sanitary pipe work above
ground for buildings (first revision)

160 | 1S5611 ;1987 Code of practice for waste stabilization ponds
(facultative type) (first revision)

Code of Practice for Construction of Waste
Stabilization Ponds (Faculative Type) (first
revision)

161 | 1S 6295 :1986 Code of practice for water supply and drainage
in high attitudes and/or sub-zero temperature
regions (first revision)

162 | 1S 6924 :1973 Code of practice for the construction of refuse
chutes in multistoryed buildings
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163 | IS 7740:1985 Code of practice for road guides (first revision)
Code of practice for construction and
maintenance of road gullies (first revision)

164 | 1S9872:1981 Specifications for precast concrete septic tanks.

165 | 1S 12251 ;1987 Code of practice for drainage in basements.
Code of practice for drainage of building
basements

166 | 1S 12314 ;1987 Code of practice for sanitation with leaching
pits for rural communities.

167 | 1S 119721987 Code of practice for safety precautions to be
taken when entering a sewerage system

SOLID WASTES
Terminology
168 | 1S 9569, 1980 Glossary of terms relating to solid wastes.
CODE OF
PRACTICE

169 | 1S 10447 ;1983 Guidelines for utilization and disposal of solid
waste from integrated steel plants.

170 | 1S 12647 ;1989 Guidelines for collection equipments.

Solid Waste Management System - Collection
Equipment - Guidelines.
171 | 1S12662(PT Guidelines for use of vehicles for collection of
1);1989 municipal solid wastes Part 1 Guidelines for
selection of vehicles.
METHODS OF
TEST

172 | 1S9234:1979 Methods for preparation of solid waste sample
for chemical and microbiological analysis.

173 | 1S9235:1979 Methods for physical analysis and determination
of moisture in solid wastes (excluding industrial
wastes)

174 | 1S 10158: 1982 Method of analysis of solid wastes (Excluding
industrial wastes)
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WATER
POLLUTION
Terminology

175 | 1S7022 (P T 1}, Glossary of terms relating to water, sewage and
1973 industrial effluent part 1

176 | 1S 7022 (PT 2) Glossary of terms relating to water, sewage and
1979 industrial effluent part 2

177 | 1S 10446 : 1983 Glossary of terms for water supply and
sanitation.

Methods of sampling and Analysis
i)Sewage and industrial effluents

178 | 1S6582:1971 Bio-assay methods for evaluating acute toxicity

of industrial effluents and waste waters.
ii) Waste water

179 | 1S1622:1981 Methods of sampling and microbiological
examination of water (first Revision)

180 | (Part1):1986 IS 3025 (Part 1) : 1987 Methods of sampling and test (physical and
chemical) for water and wastewater-Sampling
(first Revision)

181 | (Part 3):1983 IS 3025 (Part 3) : 1987 Methods of Sampling and Test (Physical and
Chemical) for Water and Wastewater - Part 3 :
Precision and Accuracy

182 | (Part4):1983 IS 3025 (Part 4) : 1983 Methods of Sampling and Test (Physical and
Chemical) for Water and Waste Water - Part 4 :
Colour

183 | (Part5): 1983 IS 3025 (Part 5) : 1983 Methods of sampling and test (physical and
chemical) for water and wastewater-Odour
(First Revision)

184 | (part6):1983 IS 3025 (Part 6) : 1983 Methods of sampling and test (physical and
chemical) for water and wastewater-Odour
threshold (first revision)

185 | (Part7):1984 1S 3025 (Part 7) : 1984 Methods of sampling and test (physical and
chemical) for water and wastewater-Taste
threshold (first revision)
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186

(Part 8) : 1984

1S 3025 (Part 8) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Taste rating
(first revision)

187

(Part 9) : 1984

1S 3025 (Part 9) : 1984

Methods of sampling and test (physical and
chemical) for water and
wastewater-Temperature (first Revision)

188

(part 10) : 1984

IS 3025 (Part 10) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Turbidity
(First Revision)

189

(part 11) : 1983

1S 3025 (Part 11) : 1983

Methods of sampling and test (physical and
chemical) for water and wastewater-PH Value
(First Revision)

190

(Part 14) : 1984

IS 3025 (Part 14) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Specific
conductance (Wheatstone bridge, conductance
cell) (first revision)

191

(part 15): 1984

IS 3025 (Part 15) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Total
residue (total solids- dissolved and suspended)
(first revision)

192

(part 16) : 1984

IS 3025 (Part 16) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Filterable
residue (Total Dissolved solids) (first revision)

193

(part 17) : 1984

IS 3025 (Part 17) : 1984

Methods of sampling and test (physical and
chemical) for water and
wastewater-Non-filterable residue (total
suspended solid) (first revision)

194

(part 18):1984

IS 3025 (Part 18) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Volatile
and fixed residue (total filterable and non
filterable) (first revision)

195

(part 19) : 1984

IS 3025 (Part 19) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Settle able
matter (first revision)

196

(part 20) : 1984

IS 3025 (Part 20) : 1984

Methods of sampling and test (physical and
chemical) for water and wastewater-Dispersion
characteristics (flow patterns) (first revision)

197

(part 21) : 1983

IS 3025 (Part 21) : 2009

Methods of sampling and test (physical and
chemical) for water and wastewater-Total
hardness (first revision)

198

(part 22) : 1986

IS 3025 (Part 22) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Acidity
(first revision)

199

(part 23) : 1986

IS 3025 (Part 23) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Alkalinity
(first revision)

200

(part 24) : 1986

IS 3025 (Part 24) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Sulphates
(first revision)
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201

(part 25) : 1986 IS 3025 (Part 25) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Chlorine,
demand (first revision)

202

(part 26) : 1986 IS 3025 (Part 26) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Chlorine,
residual (first revision)

203

(part 27): 1986 | IS 3025 (Part 27) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Cyanide
(first revision)

204

(part 28) : 1986 IS 3025 (Part 28) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Sulphite
(first revision)

205

(part 29) : 1986 IS 3025 (Part 29) : 1986

Methods of sampling and test (physical and
chemical) for water and wastewater-Sulphide
(first revision)

206

(part 30) :1988 IS 3025 (Part 30) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Bromide
(first revision)

207

(part 31): 1988 | IS 3025 (Part 31) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Phosphorus
(first revision)

208

(part 32): 1988 | IS 3025 (Part 32) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Chloride
(first revision)

209

(part 33): 1988 | IS 3025 (Part 33) : 2009

Methods of sampling and test (physical and
chemical) for water and wastewater-lodide {first

revision) (second revision)

210

(part 34): 1988 | IS 3025 (Part 34) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Nitrogen
(first revision)

211

(part 35) : 1988 | IS 3025 (Part 35) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Silica (first
revision)

212

(part 36) : 1988 | IS 3025 (Part 36) : 1987

Methods of sampling and test (physical and
chemical) for water and wastewater-Ozone,
residual (first revision)

213

(part37): 1988 | IS 3025 (Part 37) : 1988

Methods of sampling and test (physical and
chemical) for water and wastewater-Arsenic
(first revision)

214

(part 38): 1989 IS 3025 (Part 38) : 1989

Methods of sampling and test (physical and
chemical) for water and wastewater-Dissolved
oxygen (first revision)

215

IS 3550 : 1995
IS 3550 : 1965

The code number is
incorrect

Methods of test for routine control for water
used in industry.

Treatment and Disposal of industries
effluents
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216 | 1S 7967 :1976 Criteria for controlling pollution of marine
coastal areas.
217 | 158032, 1976 Guide for treatment and disposal of distillery
effluents. Guide for Treatment of Distillery
Effluents
218 | 1S8073.1976 Guide for treatment and disposal of steel plant
effluents
219 |[1S8682: 1977 Guide for treatment of effluents of dairy
industry.
220 | 1S 9427 :1980 Code of practice for operation and maintenance
of deionizing columns
221 | 'S 9508: 1980 Guide for treatment and disposal of effluents of
cotton and synthetic textile industry.
222 | 1S 9509 : 1980 Guide for treatment and disposal of effluents of
viscose rayon industry
223 1159841 :1981 Guide for treatment and disposal of effluents of
fertilizer industry.
224 | 1S10044 ; 1981 Guide for treatment and disposal of effluents of
wool processing industry.
Guide for treatment and disposal of effluents of
petroleum refining industry.
225 | 1S 10495 1983 Guide for treatment and disposal of effluents of
wool processing industry
CHEMICAL
HAZARDS
General
226 | 1S 1446 :1985 IS 1446: 2002 Classification of dangerous goods.
227 | 1S 4155:1966 Glossary of terms relating to chemical and
radiation hazards and hazardous chemicals
Code of Safety
228 | 1S4209:1987 Chemical laboratories {First revision)
Code of safety in Chemical laboratories {First
revision)
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229 | 1S 4262 :1967 IS 4262 : 2002 Sulphuric acid- Code of safety
230 | 1S 42631967 Code of safety for Chlorine
231 | 1S 4264 :1967 Code of safety for Caustic soda
232 | 1S 4312 ;1967 Code of safety for Lead and its compounds
233 | 1S 4544 : 1968 IS 4544 : 2000 Ammonia- Code of safety
234 | 1S 4560 : 1968 Code of safety for Nitric Acid
235 | 1S 4644 ;1968 Code of safety for Benzene, toluene and xylene
236 | 1S 4906 : 1968 Code of safety for Radiochemical laboratory
237 | 1S5184:1969 Code of safety for Hydrofluoric Acid
238 | 1S 5208 : 1969 Code of safety for Acetic acid
239 | 1S 5311. 1969 Acetic anhydride Code of safety for Carbon
Tetrachloride
240 | 1S5685 ;1970 Carbon Tetrachloride Code of safety for Carbon
Disulphide (Carbon Bisulphide)
241 |1S5931:1970 Code of safety for Handling of cryogenic liquids
242 |1S6156:1971 Code of safety for Chlorosulphonic acid
243 |1S6164:1971 Code of safety for Hydrochloric acid
244 11S6269:1971 Code of safety for Ethylene oxide
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245 |1S6270:1971 Code of safety for Phenol
246 | 1S6818:1973 Code of safety for Phosphoric acid
247 |1S6819:1973 Code of safety for Calcium carbide
248 | 1S 6953: 1973 Code of safety for Bromine
249 |1S6954:1973 Code of safety for Caustic potash
250 | 1S7415:1974 Code of safety for Aniline
251 | 1S7420:1974 Code of safety for phthalic anhydride
252 | 1S 7444 :1974 Code of safety for Methanol
253 | 1S 7445:1974 Code of safety for Acetone
254 | 1S7812:1975 Code of safety for Mercury
255 |1S8185:1976 Code of safety for Phosgene
256 | IS 8388:1977 Code of safety for Nitrobenzene
257 |1S9052:1978 Code of safety for Aluminium chloride,
anhydrous
258 | 1S9053:1978 Code of safety for M-dinitrobenzene
259 | 1S9277:1979 Code of safety for Monochlorobenzene
260 | 1S9278:1979 Code of safety for Zinc phosphide
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261 [ 1S9279:1980 The code number is Work environmental monitoring ( air borne
1S 9279 : 1979 incorrect contaminants)

Code of safety for Aluminium phosphide

262 | 1S9744:1981 Thinoyl chloride Code of safety for thionyl
chloride

263 | 1S9785:1981 Code of safety for Aluminium alkyls

264 | 1S9786:1981 Code of safety for Vinyl chloride monomer
(VCM)

265 | 1S9787:1981 Code of safety for Phosphoryl chloride

266 | 1S 10870 : 1984 Hydrazine and hydrazine hydrate Code of
safety for Hexane

267 | 1S10872:1984 Code of safety for Malathion

268 | 1S 10920 : 1984 Code of safety for Phosphorus Trichloride

269 |[1S11141:1984 Code of safety for Acrylonitrile

270 | 1S 12033 : 1986 Code of safety for Dinitro Toluene (DNT)

271 | 1S 12034 : 1986 Code of safety for Methyl bromide

272 | 1S 12035 : 1986 Code of safety in Microbiological Laboratories

273 | 1S12141: 1987 Code of safety for methyl ethyl ketone

274 | 1S 12142 :1987 Code of safety for 1.1.1 trichloro ethane

275 | 1S 12413 : 1987 Code of safety for tetrachloroethane

SANITARY APPLIANCES AND VALVES
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276 | IST7T71(PT1): Specification for glazed fire clay sanitary
1979 appliances : part 1 General requirements.
277 [IST71(PT2): Specification for glazed fire-clay sanitary
1985 appliances : part 2 specific requirements of
kitchen and laboratory sinks (third vision)
278 | IS 711(PT 3/sec The code number is Specification for glazed fire-clay sanitary
1) :1979 incorrect appliances part 3 specific requirements of
IS 771(PT 3/sec urinals section 1 slab urinals ( Second revision)
1) : 1979
279 | I1IS771(PT 3Sec Specification for glazed fire-clay sanitary
2) : 1985 appliances part 3 specific requirements of
urinals section 2 stall urinals (Third revision)
280 | IS771(PT 4): Specification for glazed fire-clay sanitary
1979 appliances part 4 specific requirements of
postmortom slabs (Second reivion)
281 | IST771(PT 5): Specification for glazed fire-clay sanitary
1979 appliances part 5 specific requirements of
shower trays (Second revision)
282 | IST771(PT 6): Specification for glazed fire-clay sanitary
1979 appliances part 6 specific requirements of bed
pan sinks (Second reivison)
283 | IST7L(PT 7): Specification for glazed fire-clay sanitary
1981 appliances part 7 specific requirements of slope
sinks (Second revision)
284 | 1S772:1973 Specification for general requirements for
enamelled cast iron sanitary appliances (Second
Revision)
285 [1S744:1984 The code number is Specification for flushing cistern for water
IS 774 : 2004 incorrect closets and urinals (other than plastic cisterns)
(Fourth revision)
IS 755: 1970 The code number is | Specification for cast iron brackets and supports
IS 775: 1970 incorrect | for wash basins and sinks (Second revision)
Abandoned
286 | 1S780:1984 Superseded by IS 14846: | Specification for copper alloy float valves
2000 (Horizontal planger type ) for water supply
fitting (Third revision)
Sluice Valve
287 | Actual code 1S 1726 : 1991 Specification for cast iron manhole covers and
frames
288 | 1S 2064 :1973 1S 2064: 1993 Code of practice for selection, installation and
maintenance of sanitary appliances.
289 | 1S2326:1987 Specification for automatic flushing cisterns for
urinals (First revision)
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290 | 1S 2548 (PT1): 1S 2548 (PT 1) : 1996 Specification for plastic seats and covers for
1983 water closets : part 1 Thermo set seats and
covers (fifth revision)
291 | IS 2548 (PT 2) IS 2548 (PT 2) : 1996 Specification for plastic seats and covers for
1983 water closets : part 2 Thermo set plastic seats
and covers (fifth revision)
292 | 1S 2548 (PT 1):1974 Specification for vitreous sanitary appliances
IS 2556 (PT 1) : 1994 (vitreous china) :Part 1 General
requirements (Second revision)
293 | 1S 2548 (PT 2):1981 Specification for vitreous sanitary appliances
IS 2556 ( PT 2) : 2004 (Vitreous china) : part 2 specific requirements
of wash down water-closets (third revision)
294 | 1S 2556)PT 3): IS 2556 (PT 3) : 2004 Specification for vitreous sanitary appliances
1981 (Vitreous china) : part 3 specific requirements
of squatting pans (third revision)
295 | 1S 2556 (PT 4): IS 2556 (PT 4) : 2004 Specification for vitreous sanitary appliances
1972 (Citreous china): part 4 specific requirements of
wash basins (Second revision)
296 | 1S 2556 (PT5): IS 2556 (PT 5) : 1994 Specification for vitreous sanitary appliances
1979 (vitreous china) : part 5 specific requirements of
laboratory sinks(second revision)
297 | Actual Code IS 2556 (PT 6): 1995 Specific requirement of urinals and partition
plates (fourth revision)
298 | 1S 2556 {PT IS 2556 {PT 7):1995 Specification for vitreous sanitary appliances
7):1973 (vitreous china} ' Part 7 Specific requirements
of half round channels (second revision)
Specific requirements of accessories for sanitary
appliances
299 | 1S 2556 {PT IS 2556 {PT 8).2004 Specification for vitreous sanitary appliances
8).1985 {vitreous china} * Part 8 Specific requirements
of pedestal closed coupled washdown and
syphonic water closets (fifth revision)
300 | IS 2556 {PT9). IS 2556 {PT 9). 2004 Specification for vitreous sanitary appliances
1979 (vitreous china) : Part 9 Specific requirements
of pedestal type bidets (fifth revision)
301 | IS 2556(PT IS 2556(PT 14);1995 Specification tor vitreous sanitary appliances
14);197 (vitreous chtna) : Part 14 Specific requirements
of integrated squatting pans.
302 | IS 2556(PT IS 2556(PT 15):2004 Specification for vitreous sanitary appliances
15):1974 (vitreous china) Part 15 specific requirements of
universal water closets.
303 | 1S 2685:1971 Code of practice for selection, installation and

maintenance of sluice valves (first revision}.
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304 | 1S 2906 :1984 Superseded by IS 14846: | Specification for sluice valves for Water works
2000 purposes {350 to 1200 mm size) (third revision]
Specificati
305 | 1S 2963:1979 Specification for copper alloy waste fittings for
wash basins and sinks (first revision)
306 | IS 3042 :1965 Specification for single faced sluice gates (200
to 1200 mm size)
307 | 1S3311:1979 Specification for waste plug and its accessories
for sinks and wash-basins (first revision)
308 | 1S3950: 1979 Specification for surface boxes for sluice
valves (first revision)
309 | 1S4038: 1986 Specification for foot valves for water works
purposes (second revision).
310 | 1S 4346:1982 Specification for washers for use with fittings
for water services (first revision)
311 | IS 5219{PT Specification for cast copper alloys traps, part 1
1):1969 'P'and S' traps
312 | IS 5312(PT IS 5312(PT 1):2004 Specification for swing check type reflux
1):1984 (non-return) valves Part | single door pattern
(first revision)
Swing
313 [ 1S 5312 (PT Specification for swing check type reflux
2}:1986 (non-return) valves . Part 2 Multi-door pattern.
Specification for Swing Check Type Reflux
(non-return) Valv
314 | 1S5961. 1970 Specification for cast iron gratings for drainage
purposes
315 | 1S6411:1985 Specification for gel-coated glass fibre
reinforced polyester resin bath tubs (first
revision)
316 |[1S7231:1984 IS 7231 :1994 Specification for plastic flushing cisterns for
water closets and urinals (first revision).
317 [1S9739:1981 Specification for pressure reducing valves for
domestic water supply systems.
318 | 1S9758: 1981 Specification for flush valves and fittings for

water closets and urinals
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319 | 1S9762:1981 1S 9762 :1994 Specification for polyethylene floats (spherical)
for float valves
320 | 1S 11246 ;1985 1S 11246 ;1992 Specification for glass fibre reinforced polyester
resins (GRP) squatting pans
321 | 1S 12234 :1988 Specification for plastic equilibrium float valves
for cold water services
322 | 1S 12701 ;1989 1S 12701 ; 1996 Specification for rotational moulded
polyethylene water storage tanks.
FLUID FLOW MEASUREMENTS
323 | 1S1192; 1981 Velocity area methods for measurement of flow
of water in open channels.
324 | 152912 ;1964 IS 2912 ;1999 Recommendations for liquid flow measurement
in open channels by slope-area method
(approximate method). *need confirmation.
325 | 1S2913; 1964 Superseded by IS 15122: | Recommendations for determination of flow in
2002 tidal channels. Measurement of liquid flow in
open channels under tidal conditions
IS 2913 ;1964 | The code number is Recommendations for estimation of discharge
IS 2914 : 1964 incorrect by establishing stage-discharge relation in open
channels
326, Superseded by IS 15119 | Measurement of liquid flow in open
327 Part 1 : 2002 channels-Part 1: Establishment and operation of
Part 2 : 2002 a gauging station
Measurement of liquid flow in ope
328 | 1S 4477 (PT Superseded by IS 14615 | Methods of measurement of fluid flow by
1):1967 (PT 1): 1999 means of veturi meters  Part t liquids
Measurement of fluid flow by means of pressure
diffrential devices- Part 1: Orifica Plates,
Nozzles and Venturi Tubes inserted in circular
Ccross section conduits runni
329 [ 1S 44/7 (PT 2) The code number is Methods of measurement of fluid flow by
1975 incorrect means of venturi meters  Part 2 compressible
IS 4477 (PT 2) fluids
1975
330 | 1S6059:1971 Superseded by IS 14974: | Recommendations for liquid flow measurement
2001 in open channels by weirs and flumes - weirs of
finite crest width for free discharge.
Liquid flow measurement in open channels
331 | 1S 6062 :1971 Method of measurement of flow of water in
open channels using standing wave flume - fall.
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332 | 1S6063:1971 Method of measurement of flow of water in
open channels using standing wave flumes
333 | 1S6330:1971 Recommendation for liquid flow measurement
in open channels by weirs and flumes - end
depth method for estimation of flow in
rectangular channels with a free over fall
(approximate method)
334 |1S9108:1979 Liquid flow measurement in open channels
using thin plate weirs
335 [ 1S9115: 1979 1S 9115 : 2002 Method tor estimation of incompressible fluid
flow in closed conduits by bend meters (first
revision)
336 | 1S9117:1979 Superseded by IS 14574: | Measurement of Liquid Flow in open channels
1998 by weirs and flumes — end depth method for
estimation of flow in non- rectangular channels
with a free over fall (approximate method).
337 [ 1S9119; 1979 Method for flow estimation by jet characteristics
(approximate method).
338 | 1S 9163 (PT Dilution methods of measurement of steady
1):1979 flow part 1 constant rate injection method.
339 | 159922 :1981 1S 9922: 1989 Measurement of Liquid Flow in Open
1S 9922 :2010 Channels- General Guidelines for Selection of
Method
340 | 1S 12752. 1S 12752 : 1989 Guidelines for the selection of flow gauging
1986/1SO structures
others
341 IS 15883(PT1) :2009 | Construction project management— Guidelines :
Part 1 General
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PROCESSES UNDER INDIAN CONDITIONS

A study of pollution potential of water courses by sewage even after treatment was instituted by
the Central Pollution Control Board and carried out by M/S Anna University on identified STPs
in the south and M/S IIT Roorkee on identified STPs in the north. The results of performance of
the STPs evaluated are reproduced here.

Table 4.1: Summary of Results of Anna University
(Figures in parameters are arithmetic average)

PERFORMANCE OF KNOWN SEWAGE TREATMENT

Treatment Total Coliform Total Coliform | Percent Fecal Fecal Coliform Percent
plant MPN/100 mL MPN/100 mL Reduct Coliform MPN/100 mL Reduc-
Influent X 10° Effluent X 10* | ion MPN/100 mL Effluent X 10°* tion
Influent X 10°
AABF 5-3500 5-380 99.0- 2.90 - 500 3.7-190 98.7-
992 99.6
ASP 6.8 -5.000 50 - 6.800 92.6- 5-3.,700 37 -3.800 92.6-
98.6 98.9
Tertiary 0.68 - 98 <2 (all but one 97.1- 1.1-68 <2 (all but one day) 98.2-
Treated day) 99..9 99.9
oP 3.8-680 0.05 - 900 99.9- 0.7-98 0.038 - 500 99.9-
98.7 949
TF 6.8 500 2-3.000 99.7- 3.8-370 2-1.100 99.5-
94 97.0

Table: 4.2: Annual performance of the five sewage treatment plants for Physico-chemical characteristics

Characteristics DEWATSs Nesapakkam CPCL Pondicherry V. Valley
Raw Treated Raw Treated | Raw Treated Raw Treated Raw Treated
Min 288 17 450 33 67 2 93 19 168 31
Max 1037 | 358 1482 534 328 164 730 286 764 299
TSS (mg/L)
Ave 594 189 1059 234 206 23 397 154 383 106
SD 233 123 318 169 85 12 229 86 223 96
Min 272 53 519 56 104 3 235 98 277 69
COD-T Max 1120 | 207 1656 288 421 160 800 240 560 181
(mg/L) Avg 637 118 1232 128 230 57 497 171 129 115
SD 236 57 275 59 88 16 177 54 92 44
Min 128 24 149 37 66 0 64 32 75 37
COD-S Max 352 133 635 203 261 107 480 208 240 117
(mg/L) Avg 233 65 397 102 139 34 210 99 159 65
SD 75 37 132 49 67 31 127 52 62 29
Min 206 19 236 15 36 058 77 36 74 31
BOD-T Max 749 138 671 90 174 65 356 123 320 75
(mg/L) Avg 343 59 520 53 93 14 212 55 181 3
SD 174 36 108 26 47 17 116 33 61 15
Min 80 14 98 5 18 04 37 15 35 15
BOD-S Max 344 70 379 73 88 37 217 45 185 57
(mg/L) Avg 201 30 238 33 46 8 102 29 a5 29
SD 78 18 75 21 22 10 59 9 50 13
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Table: 4.3. Annual performance of the five sewage treatment plants
for microbiological characteristics

. . DEWATSs Nesapakkam CPCL Pondicherry V. Valley
Characteristics
Raw | Treated | Raw | Treated | Raw | Treated | Raw | Treated | Raw | Treated
Total Min | 500 5 680 50 68 0.0002 380 0.78 680 38
Coliforms "2 175000 | 380 | 500000 | 6800 | 9800 | 0.37 | 68000 | 3000 | 190000 | 5000
Avg | 5926 43 32152 325 | 893 0.15 12492 565 21235 712
SD | 11125 65 77099 | 1691 | 1559 0.58 150501 587 38918 1183
Min | 380 3.7 500 37 50 0.0002 380 0.78 500 19
Faecal Max | 5000 190 370000 | 5000 | 6800 0.98 38000 1100 68000 3800
Coliforms | Avg | 4555 28 22672 823 633 0.078 8506 371 9611 427
SD | 9887 38 57296 | 1034 | 1054 0.23 9787 321 14636 775
Min | 190 0.68 98 18 38 0.0002 190 0.5 380 19
E Coli Max | 3800 98 180000 | 3800 | 3700 0.68 37000 980 38000 1900
Avg | 2569 15 1273 459 366 0.056 5387 243 4958 225
SD | 6301 21 20621 644 631 0.17 6540 237 7802 395
Min 13 0.29 68 5 1.3 0.0002 3 0.5 78 1.1
Faecal Max | 1300 3.8 5000 180 680 0.19 980 68 980 50
Streptococei | Avg | 2691 1.2 1373 51 95 0.016 393 10 317 10
SD 393 1.2 1593 47 185 0.048 326 18 305 17
Note: All values X 10*MPN/100 mL
Table 4.4 : Summary of Results of IIT, Roorkee
(Figures in parameters are arithmetic average)
Treatment Total Total Percent Fecal Coliform | Fecal Coliform | Percent
plant Coliform Coliform Reduction MPN/100 mL MPN/100 mL Reduction
MPN/100 MPN/100 mL Influent X 10° | Effluent X 10*
mL Effluent X 10°*
Influent X
10°
UASB 23-23 19-23 99.2-99 0.23-15 0.023-23 99.9-98.5
UASB 1.6-43 1.1-23 99.3-99.5 0.39-23 0.11-43 99.7-99.8
op 4.3-930 1.5-430 99.7-99.5 0.023 - 230 0.15-210 99.3.99.1
ASP 1.5-43 9.3-930 938 021-1.5 0.15-930 99.3
Anaerobic Filter 28 450 83.9 6.8 130 80.9

Final Draft

A-31




Part A:

Engineering

APPENDICES

Table 4.5: Sewage Treatment Plants in Delhi

S1L.No Name of the STP’s & Design Actual flow | Type of STP Present Status
Capacity (mgd) capacity (MLD)
(MLD)
1 Coronation Pillar STP’s Activated sludge process | Under utilised
1) (10) 45.46 40.87 (ASP). trickling filter & Over the Des. Cap.
2) (10 +20) 45.46 63.46 ASP Under Utilized
90.92 56.55
2. Delhi Gate (2.2) 10.00 10.00 High rate bio-filters Rumning on designed
Densadeg technology capacity
3. Ghitorni (5) 22.73 Nil Activated sludge process | Not in operation
4. Keshopur STPs )12 mgd not running.
1) (12) 54.55 46.55 All the three plants sewage passes through
1) (20) 90.92 95.10 designed on activated PST. i1) Over the Des.
2) (40) 181.84 106.46 sludge process Cap. ii1) Under- utilized
5. Kondli STP’s Over the capacity
1) (10-Phase-I) 45.46 56.55 All three activated sludge | Under- utilized
2) (25 -Phase-II) 113.65 57.96 process Under- utilized
3) (10-Phase-III) 45.46 28.36
6. Mehrauli STP (5) 22.73 4.95 Extended aeration Under-utilized
7. Najafgarh STP (5) 22.73 227 Activated sludge proc. Under- utilized
8. Nilothi STP (40) 181.84 15.0 Activated sludge process | Under- utilized
9. Narela STP (10) 45.46 2.50 Activated sludge process | Under- utilized
10. Okhla STP’s All the plants designed on | Under- utilized
1) (12) 54.55 39.09 activated sludge process Under- utilized
2) (16) 72.73 40.91 Running in cap.
3) 30) 136.38 136.98 Under-utilized
(37) 168.20 159.11 Under-utilized
(45) 204.57 181.84
I1. Papankalan STP (20) 90.92 37.73 Activated sludge process | Under-utilized
12 Rithala STP’s Activated sludge process | Under-utilized
1) (40) Old 181.84 46.28 & High rate aerobic ASP | Over the des. cap.
2) (40) New 181.84 185.07 & biofor/biofilter
13. Rohini STP (15) 68.19 Nil Activated sludge process | Not in operation
14. Sen N.H. STP (2.2) 10.0 10.0 High rate Bio filter Running on designed
capacity.
15. Timarpur O.P. (6) 27.27 4.79 Oxidation ponds Under-utilized
16. Yamuna Vihar STP’s Activated sludge process | Under-utilized
1) Ph-I(10) 45.46 27.27 Under-utilized
2) Ph-II(10) 45.46 14.77
17. Vasant Kunj STP’s ASP & Extended aeration | Under-utilized
1)(2.2 3.18 Under-utilized
2) (3.0) 3.63 436
Total 30 2330 1478
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Table 4.6: Performance Evalution of Sewage Tretment Plants in Delhi

i \ Performance Evaluation of STP” (24 Hour composite Monitoring
SI.  Name of STP & (]?l;':;g::‘ Aﬂc;r::'al for every three hourly samples) : % reduction
No. Capacity (ngd) M LD )'ILI; Influent Quality Effluent Quality
pH| TSS | COD | BOD |Cond.| pH (ISS| COD |BOD |Cond.| ISS | COD | BOD
1 Cor. Pillar(10) 45.46 40.87 | 7.2 | 179 317 112 908 7.4 35 61 18 1090 | 80.45 | 80.76 | 83.93
(20+10) 136.38 |120.01|6.44| 342 172 48 1700 6.9 93 43 15 1730 | 72.81 | 72.09 | 68.75
Keshopur(12%) 54.55 | 4655 | - - - - - - - - - - - - -
2 (20) 90.92 95.1 | 7.3 | 404 560 282 1390 7.6 78 149 45 1390 | 8B0.69 | 73.39 | 84.04
(40) 181.84 |10646| 7.3 | 404 560 282 1390 7.8 21 55 10 1520 | 94.80 [ 90.18 | 96.45
Okhla(12) 54.55 39.09 | 7.3 | 498 517 204 1440 7.8 21 54 10 1460 | 95.78 | 89.56 | 95.10
(16) 72.73 4091 | 74| 291 486 207 1510 7.7 83 108 48 1400 | 7148 | 77.78 | 76.81
3 (30) 136.38 | 136.98| 74 | 647 551 222 1480 7.6 76 153 45 1470 | 88.25 [ 7223 | 79.73
37) 168.2 |159.11| 7.3 | 480 515 249 1590 7.8 32 62 12 1540 | 93.33 | 87.96 | 95.18
(45) 204.57 |181.84| 7.3 | 480 515 249 1590 7.7 27 51 19 1530 | 94.38 | 90.10 | 92.37
4 Narela (10) 45.46 25 74| 426 447 100 1720 8 38 72 8 1720 | 91.08 | 83.89 | 92.00
s Y. Vihar (Ph.-I 10, 45.46 27.27 | 7.1 | 391 505 174 1110 7.7 44 84 17 1050 | B8.75 | 83.37 | 90.23
Ph.-II 10) 45.46 1477 [ 7.2 405 538 199 1020 7.5 39 44 20 1070 | 90.37 [ 91.82 | 89.95
6 Timarpur O.P -(6) 27.27 479 [6.7] 412 272 106 1650 7.3 11 26 4 1650 | 97.33 | 90.44 | 96.23
7 Najafgarh (5) 22.73 227 |74 165 205 54 §10 7.7 29 38 1 687 | 82.42 | 8146 | 98.15
8 Nilothi (40) 181.84 15 7.7 432 328 90 2340 7.8 21 26 4 1960 | 95.14 | 92.07 | 95.56
9 Dr. SenN.H.(2.2) 10 10 75| 370 585 236 1680 7.4 36 46 16 1660 | 90.27 | 92.14 | 93.22
10 Delhi Gate (2.2) 10 10 75| 263 605 147 1020 7.3 26 62 20 1030 | 90.11 | 89.75 | 86.39
11 Papankalan (20) 90.92 37.73 | 7.6 | 142 275 103 2190 7.9 39 46 10 1580 | 72.54 | 83.27 | 90.29
Kondli Ph.-I(10) 45.46 56.55 | 7.3 | 363 507 241 1390 7.8 68 140 27 1390 | 81.27 | 72.39 | 88.80
12 PhL.-II (25) 113.65 | 57.96 | 7.3 | 604 588 261 1550 7.6 45 50 34 1350 | 92.55 | 91.50 | 86.97
Ph.-III (10) 45.46 2836 | 73| 519 615 237 1530 7.8 16 50 14 1220 | 96.92 | 91.87 | 94.09
13 Mehrauli(5) 2273 495 | 7.8 | 251 326 126 1090 8.1 12 35 7 1180 | 95.22 | 89.26 | 94.44
” Rithala {(40 Old) 181.84 | 4628 | 7.2 | 330 399 205 1260 7.5 75 54 14 1240 | 77.27 | 8647 | 93.17
(40 New)} 181.84 |185.07| 7.2 | 330 399 205 1260 7.3 47 151 55 1230 | 85.76 | 62.16 | 73.17
15 Vasant Kunj (2.2) 10 318 | 7.5 379 460 323 1710 7.8 23 43 7 1450 | 93.93 [ 90.65 | 97.83
(3) 13.63 436 (74| 479 565 306 1400 7.9 49 80 20 1470 | 89.77 | 85.84 | 93.46
16 Rohini (15) 68.19 Nil - - - - - - - - - - - - -
17 Ghitorni (5) 22.73 Nil - - - - - - - - - - - - -
Total 2330 |1478
¢  Keshopur 12 mgd STP 1s not running fully. it is observed that the sewage passes through Primary
Settling Tank. All values are in mg/l except pH and conductivity (i mhos/cm)
Table 4.7 : Performance of Bacteriological reduction through Sewage Treatment
Plants in Delhi
Performance evaluation of Sewage Treatment Plants in Delhi
Effluent Bacteriological % Reduction
Influent Bacteriological Quality
SL Name of the STP & Quality
No. capacity (mgd) Faecal Total Faecal
Total Coliform Total Faecal
Coliform Coliform Coliform
(Nos/100ml) Coliform Coliform
(Nos/100ml) (Nos/100ml) (Nos/100ml)
L. Najafgarh (5) 10900000 5100000 320000 120000 97.06 97.65
2 Papankala (20) 13100000 10300000 120000 70000 99.08 99.32
3. Delhi gate (2.2) 26000000 19000000 1700000 1100000 93.46 94.21
4. Dr. SenN. H. (2.2) 133000000 102000000 240000 21700 99.82 99.98
5. Nilothi (40) 61000000 50000000 120000 70000 99.80 99.86
6. Cor. Pillar (10) 39000000 32000000 200000 110000 99.49 99.66
7. Cor. Pillar (30) 78000000 44000000 700000 200000 99.10 99.55
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(Table 4.7 continued...)

Performance evaluation of Sewage Treatment Plants in Delhi

Influent Bacteriological Quality

Effluent Bacteriological

% Reduction

SL Name of the STP & Quality
No. | capacity (mngd) Faecal Total Faecal
Total Coliform Total Faecal
Coliform Coliform Coliform
(Nos/100ml) Coliform Coliform
(Nos/100ml) (Nos/100ml) (Nos/100ml)

8. Narela (5) 17000000 10000000 110000 40000 99.35 99.60
9. Vasant Kunj (3) 6900000 3900000 178000 101000 97.42 97.41
10. Vasant Kunj (2.2) 71000000 46000000 17000 8000 99.98 99.98
11. Okhla (12) 370000000 65000000 2900000 230000 99.22 99.65
12. Okhla (16) 51000000 27000000 990000 530000 98.06 98.04
13. Okhla (30) 204000000 107000000 115000000 25000000 43.63 76.64
14. Okhla (37) 197000000 111000000 1280000 710000 99.35 99.36
15. Okhla (45) 197000000 111000000 4100000 600000 97.92 99.46
l6. Y. Vihar (Ph.-I 10) 1210000000 410000000 19400000 4600000 98.40 98.88
17. Y. Vihar (Ph.-IT 10) 1570000000 370000000 8500000 5200000 99.46 98.59
18. Keshopur (20) 430000000 135000000 91000000 7200000 78.84 94,67
19. Keshopur (40) 430000000 135000000 11500000 5100000 97.33 96.22
20. Kondli (Ph.-I 10) 670000000 320000000 24000000 13900000 96.42 95.66
21 Kondli (Ph.-II 25) 910000000 480000000 5500000 1800000 99.40 99.63
22 Kondli (Ph.-ITI 10) 570000000 370000000 2700000 140000 99.53 99.96
23. Rathala (40 Old) 1080000000 710000000 32000000 4600000 97.04 99.35
24 Rithala (40 New) 1080000000 710000000 49000000 5900000 95.46 99.17
25. Mehrauli (5) 290000000 210000000 490000 20000 99.83 99.99
26. Dr. Sen N.H (2.2)

(After Bio-filter) 133000000 102000000 179000 13500 99.87 99.99
27. Dr. SenN.H (2.2)

(After U.V. reatment) 133000000 102000000 27000 11200 99.80 99.99

The values reported for the CPCL plant relate to the quality of recovered water after the
secondary treated sewage is further treated by chemical coagulation, sedimentation, filtration
and R O. The performance of oxidation ponds one in the south coastal temperate climate at
Puducherry and the other at north in the cold hilly region of Rishikesh have also been evaluated
in this study. In the Puducherry ponds, removals were 93% for total BOD and from 38,000/100
ml to 500/100 ml for faecal coliforms. In the Rishikesh pond system, the removals were 82% for
total BOD and from 6000000/100 ml to 28000/100 ml for faecal coliforms. Also faecal coliform
levels reduction from 3000 to 70,000/100 ml to almost nil have been documented in the study
when secondary treated sewage was chemically coagulated with alum or Iron salts and
chlorinated with mild doses of 3 to 4 mg/l as in Fig hereunder.
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= Alum Dose 20mg/L as Al
=#—PAC Dose 24 mg/L as Al

—&— FeCl|3 Dose 40mg/L as Fe
=¥=Fe2(S04)3 Dose 18mg/L as Fe

100000
T 10000 ~
(=4
S 1000 -
Z 100
=5
(&) 10
L
1
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Chlorine Dose as CI2 (mg/L)

Fig 4.10. Removal of FC with chlorination after coagulation with different
coagulants at optimum doses.

The performance results do not cover the later day ST processes as SBR, MBBR and MBR etc
as these STPs were not in popular use at that time. All the same, the studies establish the
position that the same ST Process exhibits varying degrees of removals under varying
conditions of climate, capacity utilization, nature of inlet sewage etc and almost all processes
can be expected to attain a required degree of removals of BOD and faecal coliforms provided
the design takes into account the insights as brought out above.
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APPENDIX 2.2

1

PROBLEM

ESTIMATION OF FUTURE POPULATION

Assuming that the scheme of water supply will commence to function from 1986, it is required
to estimate the population 30 years hence, i.e. in 2016 and also the intermediate population 15
years after 1986, i.e. in 2001.

Table 1
Year Population Increment
1921 40,185 -
1931 44,522 4,337
1941 60,395 15,837
1951 75,614 15,219
1961 98,886 23,272
1971 124,230 25,344
1981 158,800 34,570
Total 118,615
Average 19,769
2 SOLUTION
2.1 ARITHMETIC PROGRESSION METHOD
Increase in population from 1921 to 1981
i.e. in 6 decades = 1,58,800
) 40,185
= 1,18,615
= 158,800 — 40,185 = 118,615
or increase per decade = 1/6 x1,18,615 = 19,769

60

65

70

Population in 2001

Population in 2016

= Population in 1981 + Increase for 2 decades
1,58,800 + 2 x 19,769

1,58,800 + 39,538 = 1,98,338
Population in 1981 + Increase for 3.5 decades
1,58,800 + 3.5 x 19,769 = 2,27,992

2.2 GEOMETRIC PROGRESSION METHOD

Rate of growth (r) per decade between
1931 and 1921 4,337/40,185 = 0.108
1941 and 1931 15,873/44,522 = 0.356
1951 and 1941 15,219/60,395 = 0.252
1961 and 1951 23,272/75,614 = 0.308
1971 and 1961 25,344/98,886 = 0.256
1981 and 1971 34,570/1,24,230 = 0.278

Geometric Mean,
T, = §/0.108%0.356x 0.252 x 0.308x 0.256x0.278 = 0.2442

Assuming that the future growth follows the geometric mean for
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the period 1921t0 1981  r, = 0.2442

Population in 2001 = Population in 1981 x (1 + r)?

= 1,58,800 x (1.2442)* = 2,45,800

Population in 2016 = Population in 1981 x (1 + ry)*®

= 1,58,800 x (1.2442)*> = 3,05,700

23 METHOD OF VARYING INCREMENT OR INCREMENTAL

METHOD

INCREASE

In this method, a progressively decreasing or increasing rather than a constant rate is adopted.

This is a modification over the Arithmetical Progression method.

Table 2
Year Population Increase (X) Incremental Increase (Y)
1921 40,185
1931 44,522 4,337
1941 60,395 15,873 11,536
1951 75,614 15,219 - 654
1961 98,886 23,272 8,053
1971 1,24,230 25,344 2,072
1981 1,58,800 34,570 9,226
Total 1,18,615 30,233
Average 1/6 x 118,615 = 19,769 1/5 x 30,233 = 6,047
Population can be projected using the formula:
P, =B +nX + M
2
Therefore, population in 2001 can be given as

Py = By + 210769 + 22370049

=1,58,800 + 39,538 + 18,141
=2,16,479
Similarly, population in 2016 can be given as

Pyoig = Pogr +3.5x19769 + 3.5x4.5x6047

=1,58,800 + 69,192 + 24,188
=2,52,180
24 GRAPHICAL PROJECTION METHOD

From the Figure presented on the following page, the figures for 2001 and 2016 years obtained

are as follows:
2001 - 253,000
2016 - 362,000
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Figure 1 Semi log graph for estimation of future population
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APPENDIX 3.1 COMPUTATION OF STORM RUNOFF AND DESIGN OF STORM

SEWER
1 PROBLEM

105  Design a system of storm sewers for the area shown in Figure 2 based on the Rational Formula for the

estimation of peak runoff.

Basic Data and Assumptions imperviousness
Built up and paved area -
Open space, lawns, etc. -

110 Inlet time

Built up and paved area (tp) -
Open space, lawns (t;) -
Minimum velocity in sewer -

Minimum depth of cover above crown -

0.7
0.2

8 minutes.
15 minutes.
0.8 mps

0.5 metres.

115  Rainfall intensity = consider one year storm as the area is central and high priced. (Use Table 3.7 for
the record of rainfall intensity and frequency of rainfall). Use Manning's chart for Sewer design.

AREA 13 (6.30a) _

1% 4 (1.3n
([ AERE )|
- |1/B)AREA5 (1.7ha) |

— - — o ——= —®!

Figure 2
2 SOLUTION

i
— !
(6)AREA 6 (2.2ha) |

'
- — 4 — — —®
'

-]
AREA 7 (2:3ha) |

e - — -,

AREA 8 (2.4ha)
_

120  Quantity of storm water runoff is calculated using the Rational Formula given in Section 3.9.2.1. i.e.

0=10Ci4

Final Draft A-39



125

130

135

140

145

150

155

160

Part A: Engineering APPENDICES

Where,
O : Runoff in m¥/hr
C : Coefficient of runoff
i - Intensity of rainfall in mm/hr and
A : Area of drainage district in hectares
Storm water runoff is determined in the following manner;

)] From the rainfall records for the last 26 years (table 3.7), the storm occurring once in
ayear, i.e. 26 times in 26 years, the time-intensity values for this frequency are obtained
by inter-pofation and are as follows;

Intensity, : mm/hr 30 35 40 45 50 60
Duiation, ¢ minute 44 36 28.5 225 135 9.75
ii)  The generalised formula adopted for intensity and duration is
ey
t
Where,
i : Intensity of rainfall in mm/hr
¢ - Duration in minutes and « and » are constants

A graph (Figure 4) is plotted for one year storm using the values of i and t from the above table on a
log-log paper. From the line of best fit the values of a and n are found out. From the plotted line,
values of a and n are 160 and 0.4 respectively.

iii)  Now using equation i = (160 / t**), i.e. after substituting the values of « and » different
values of i for various values of ¢ are calculated and tabulated as below and a curve
(Figure 5) is plotted on an ordinary graph paper.

Table for intensity-duration curve for one year storm:
Table 3

trin 5 10 15 20 25 | 30 35 40 45 60 80 100 120

i=a/t" | 84.2 | 64.0 | 54.0 | 485 [44.2 | 41.2| 38.6 | 36.8 | 34.8 | 31.0 | 27.8 | 25.4 | 23.6

iv) Another graph (Figure 6) of runoff-coefficient C vs. duration time ¢ is plotted as per
values given in Table 3.8 (Hornet's Table).

V) From the above two graphs (Figure 5 and Figure 6)the values of C and i for the same
duration time ¢ are determined and the curves for 10 C i vs ¢ for the various values of
imperviousness are plotted (Figure 7). The value of 10 C i gives the rate of runoff in m*hr
per hectare of the tributary area. These curves are ultimately used in calculating the runoff
from the tributary areas for a given time of concentration and imperviousness factor.

3 DESIGN OF STORM SEWER SYSTEM

Table 4gives the various components of the storm sewer system design. Column 1-4 identify the
location of drain, street and manholes.

Column 5-6 record the increment in tributary area with the given imperviousness factors. Column 7
gives the tributary area increment with equivalent 100 percent imperviousness factor. Column 8
records the total area served by each drain.

Column 9 records the time of concentration at each upper end of line (drain). The time of
concentration is found by taking the weighted average of the two areas. i.e.,
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A, + Ayt
C A4+ 4,

Where,
A;: Built up area
A, . Area of lawns

Column 10 records the time of flow in each drain. For example the time of flow in line 1 is calculated to
be 70/ (60 x1.0) = 1.17 min.

Column 11 is the total time of concentration for each drain.

Column 12 is the value of runoff as 10 C i read from the Figure 6 for the corresponding time of
concentration.

Column 13 gives the total runoff from each tributary area.
Column 14 gives the runoff in Ips from each tributary area.

Column 15-18 record the chosen size, required grade resulting capacity, velocity of flow for each
drain or line. These designs of storm sewers are computed from the Manning's chart for each required
flow and maintaining a minimum velocity.

Column 19-23 identify the profile of the drain.
Column 19 is taken form the plan
Column 20 = Col.19 xCol.16

Column 21 the required drop in manholes is obtained directly form the recommended values in
section 3.4.4.5

Column 22 gives invert elevation at the upper end with minimum cover of 0.6m at starting manhole.
Thus for lines 1, 3, 6 and 9, the invert elevations are respectively 37,400, 36,700, 38,000 and 36,000.
In case a manhole having more than one inlet, the drop in the manhole is considered with respect to
the lowest invert level of the inlets to fix the invert level of the outlet.

Column 23 = Col.22 - Col.20 = invert elevation at the lower end of the line.
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Table 4

Line Location of drain T”b“ta.'y area (hectares) tc Time of Concentration Runoff m%hr Flow Design Profile
Number increment Q
Time Time .
E of of Invert Elevation
07 02 | 1o0bs | Total | inlet | i TotAL | F¢f Di sl Capaci Veloci Length | fall | Dropi
Street M{arrcl)zfle Ma?&? e Imp Imp |mp0 Aﬁl "o in- te= 4ty | hectare | Total Ips mm g a‘l);sc ity iqo;slty err:?t m | Mannole
factor | factor ; i (10Ci) Upper | Lower
factor upper drain end end
end t; ¢
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 South st 5 4 0.286 0.366 0.274 0.274 12.0 - 12.0 345 94.5 26.6 200 10.0 32 1.0 70 0.7 0.000 37.400 36.700

2 4 3 0.167 0.488 0.214 0.488 13.3 117 14.47 335 164.0 46.0 250 6.65 50 1.0 125 0.83 0.025 36.675 35.845
North south

3 st2 R 32 R31 0.415 0.312 0.352 0.352 11.0 - 11.0 343 123.0 35.0 250 6.65 50 10 70 0.47 0.000 36.700 36.230

4 R31 3 0.358 0.36 0.324 0.676 11.5 117 12.67 340 264.0 74.0 350 4.55 98 10 70 0.32 0.050 36.180 35.860

5 South St. 3 2 0.256 0.466 0.274 1.438 12,5 3.27 15.77 335 480.0 135.0 450 3.14 160 10 125 0.40 0.066 35.779 35.379
North south

6 st3 R2.2 R21 0.230 0.492 0.260 0.260 128 - 12.8 340 87.5 25.0 200 10.0 32 10 70 0.70 0.000 38.000 37.300

7 R21 2 0.410 0.310 0.348 0.608 11.0 117 12.17 342 208.0 59.0 300 5.55 70. 10 70 0.39 0.050 37.250 36.860

8 South St. R2 1 0.256 0.466 0.274 2.320 12.5 537 17.87 330 765.0 214.0 600 222 280 1.0 160 0.36 0.200 35.179 34.819
North south

9 St4 R 12 R1.1 0.600 0.282 0.517 0.517 10.2 - 10.2 350 182.0 51.0 250 10.0 60 1.25 70 0.70 0.000 36.800 36.100

10 R11 1 0.580 0.362 0.479 0.996 10.8 0.94 11.74 344 330.0 92.0 350 5.0 100 11 70 0.35 0.050 36.050 35.700

11 South St. 1 Eg{gg 0.670 0.330 0.494 3.810 10.4 8.05 18.45 325 1240.0 345.0 700 167 400 1.0 25 0.42 0.234 34.585 34.165
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APPENDIX 3.2A NOMOGRAM FOR MANNING’S FORMULA FOR GRAVITY
SEWERS FLOWING FULL AND MANNING’S N VALUE OF 0.013.

For other values of Manning’s n the velocity and discharge will reduce pro rata.

Example-Find the discharge and velocity of a sewer flowing full of diameter 200 mm, slope of 1
in 200 and a Manning’s n value of 0.012.

Answer-From the nomogram, V = 0.75 m/s and discharge = 1,300 Ipm. For n value of 0.0125,

V =0.75 % 0.013/0.0125 = 0.78 m/s & discharge = 1,300 x 0.013/0.0125 = 1,352 Ipm
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APPENDICES

APPENDIX 3.2B  NOMOGRAM FOR MANNING’S FORMULA FOR GRAVITY

SEWERS FLOWING FULL AND MANNING’S N VALUE OF 0.013
For other values of Manning’s n the velocity and discharge will reduce pro rata.

Example-Find the discharge and velocity of a sewer flowing full of diameter 900 mm, slope of 1

in 1,000 and a Manning’s n value of 0.012.

Answer-From the nomogram, V = 0.90 m/s and discharge = 25,000 Ipm. For n value of 0.0125,

V =0.90 x 0.013/0.0125 = 0.95 nV/s & discharge = 25,000 x 0.013/0.0125 = 26,000 Ipm
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APPENDIX 3.3 MS EXCEL FOR MANNING FORMULA FOR CIRCULAR
300 GRAVITY PIPES FLOWING FULL

(A) (B (C) (D)
1 Appendix 3.3
2 M S Excel For Manning Formula for Circular Gravity Pipes Flowing Full
3 Given diameter and slope of sewer, find discharge and velocity
4 This is left blank for the designer to enter his design notes
5 This is left blank for the designer to enter his design notes
6 This is left blank for the designer to enter his design notes
7 diameter, mm 200 Enter by Designer
8 slope 1 in 250 Enter by Designer
9 value of Manning's n 0.013 Enter from Table 3.11
10 diameter power 0.67 34.81 POWER(B7,0.67)
11 slope power 0.5 0.06 POWER((1/B8),0.5)
12 | Velocity, m/sec 0.67 (1/B9)*(3.968/1000)*B10*B11
13 diameter power 2.67 1392355 POWER(B7,2.67)
14 Flow rate I/s 21.1 (1/B9)*(3.118/1000000)*B13*B11
15 | Flow in MLD 1.82 B14*3600*24/1000000
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APPENDIX 3.4 COMPUTATIONS OF DIAMETER, SLOPES, DISCHARGES
IN GRAVITY SEWERS BY USING APPENDIX 3.2
1 Given a sewer diameter, slope & depth of flow, find velocity and discharge

305
Diameter of sewer (D) =200 mm
Depth of flow (d) = 160 mm
Sewer Material: Cement concrete pipe in “Good” condition (with collar joints)
Slope of the sewer line =1 in 250
310 Manning’s co-efficient is uniform across sewer section
Use Manning value as 0.013 from Table 3.11
From Appendix 3.2A&B,
\elocity is 0.67 m/s and Discharge is 21.1 Ips
Ratio of d/D is 160 / 200 = 0.8
315 Ratio of v/V from Table 3.12 is 1.14
Hence velocity is = 0.67 x 1.14 = 0.76 n/s
Ratio of g/Q from Table 3.4 is 0.968
Hence discharge is = 21.1 x 0.968 = 21.4 Ips

320 2  Given a sewer diameter, slope & discharge needed, find depth of flow

Diameter of sewer (D) =200 mm
Discharge required =21.4 Ips
Sewer Material: Cement concrete pipe in “Good” condition (with collar joints)
325 Slope of the sewer line =1 in 250
Manning’s co-efficient is uniform across sewer section
Use Manning value as 0.013 from Table 3.11
From Appendix 3.2A&B
\elocity is 0.67 m/s and Discharge is 21.1 Ips
330 Ratio of discharge is = 21.1/21.4 = 0.968
Corresponding ratio from Table 3.12 is d/D is 0.8
Hence, depth of flow is = 200 x 0.8 = 160 mm

3 Givendischarge needed and available slope, find the diameter

335
Discharge needed = 10.2 Ips
Sewer Material: Cement concrete pipe in “Good” condition (with collar joints)
Available slope of the sewer line = 1 in 180
d/D ratio should not exceed 0.8
340 From Table 3-17, for d/D of 0.8, ¢/Q is 0.968
Discharge at full depth is = 10.2 / 0.968 = 10.53 Ips
From Appendix 3.4 A, by entering the discharge and slope
Required diameter is 145 mm &velocity is 0.64 m/s as below, use nearest higher
diameter
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345 APPENDIX 3.4A MS EXCEL FOR MANNING FORMULA FOR CIRCULAR
GRAVITY PIPES FLOWING FULL

(A) (B) (€) (D)
1 Appendix 3.4A
2 M S Excel For Manning Formula for Circular Gravity Pipes Flowing Full
3 Given discharge and slope of sewer, find diameter and velocity
4 This is left blank for the designer to enter his design notes
5 This is left blank for the designer to enter his design notes
6 This is left blank for the designer to enter his design notes
7 Discharge, I/s 10.20 Enter by Designer
8 slope 1 in 180 Enter by Designer
9 slope power 0.5 0.07 POWER((1/B8), 0.5)
10 value of Manning's n 0.013 Enter from Table 3-1
11 diameter power 2.67 570563 B7*B10/(3.118/1000000)/B9
12 diameter, mm 143 POWER(B11,(1/2.67))
13 diameter power 0.67 27.83 POWER(B12,0.67)
14 velocity m/s 0.63 (3.968/1000)*B13*B9/B10
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APPENDICES

APPENDIX 3.5A NOMOGRAM FOR HAZEN WILLIAMS FORMULA FOR

MAINS FLOWING FULL AND C VALUE OF 100
For other values of C the velocity and discharge will increase pro rata.

Example-Find the discharge and velocity of a sewer flowing full of diameter 300 mm, slope of 1

in 100 and a Hazen Williams C value of 130

Answer-From the nomogram, V = 0.75 m/s and discharge = 3,100 Ipm. For C value of 130,
V=0.75x% 130/ 100 = 0.98 m/s & discharge = 3,100 x 130/ 100 = 4,030 Ipm
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APPENDIX 3.5B NOMOGRAM FOR HAZEN WILLIAMS FORMULA FOR
MAINS FLOWING FULL AND C VALUE OF 100

For other values of C the velocity and discharge will increase pro rata.

Example-Find the discharge and velocity of a sewer flowing full of diameter 1,200 mm, slope of
1in 1,000 and a Hazen Williams C value of 130

Answer-From the nomogram, V = 0.95 m/s and discharge = 63,000 Ipm. For C value of 130,

V =0.95x 130/100 = 1.24 m/s & discharge = 63,000 x 130/ 100 = 81,900 Ipm
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APPENDIX 3.6 HAZEN WILLIAMS FORMULA FOR CIRCULAR SEWERS
FLOWING UNDER PRESSURE

(A) (B) q9) (D)

1 Appendix 3.6

2 Hazen Williams Formula for Circular Sewers Flowing Under Pressure

3 Given diameter and slope, find velocity and flow rate

4 This is left blank for the designer to enter his design notes

5 This is left blank for the designer to enter his design notes

6 This is left blank for the designer to enter his design notes

7 diameter, mm 300 Enter by Designer

8 Slope 1 in 210 Enter by Designer

9 Hazen Williams C 140 Enter by Designer

10 diameter power 0.63 36.36 POWER(B7,0.63)

11 diameter power 2.63 3272118 POWER(B7,2.63)

12 Slope power 0.54 0.056 POWER((1/B8),0.54)

13 Velocity m/s 1.295 (4.567/1000)*B9*B10*B12

14 Discharge cum / day 7913 (3.1/10000)*B11*B12*B9

15 Discharge in MLD 7.91 B14/1000

16

17 Given flow rate and slope of sewer, find diameter and velocity

18 Discharge cum / day 7913 Enter by Designer

19 Slope 1 in 210 Enter by Designer

20 Slope power 0.54 0.056 POWER(1/B19,0.54)

21 Hazen Williams C 140 Enter by Designer

22 diameter power 2.63 3272275 B18/(3.1/10000)/B20/B21

23 diameter, mm 300 POWER(B22,(1/2.63))

24 diameter power 0.63 36 Power(B23,0.63)

25 velocity, m/s 1.295 (4.567/1000)*B20*B21*B24
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APPENDIX 3.7 DESIGN OF SANITARY SEWER SYSTEM

1 PROBLEM

Design a system of sanitary sewers for the given area shown in the Figure 12 with the following

details:

1. Population Density - 300 persons/hect.

2. Water Supply - 250 Ipd/head (ultimate).

3. Maximum rate of infiltration - 20,000 Ipd/hect.

4. Minimum depth of cover to be provided over the crown of the sewer -
- 1m

5. Minimum velocity in sewer at peak flow - 0.6 mps

6. Maximum velocity in sewer - 2.0 mps

7. Minimum size of the sewer - 150 mm

8. Waste water reaching sewers - 90% of WIS

9. Peak flow - 3.5 x Ave. flow

= N

w N

AREA 1 (1.7ha) .
T

DAREA 2 (2.1ha) |

711" AREA 4 (1.3ha)
([N AREA4 (1.30a) |
- |1/B)AREA5 (1.7ha) |

l__ - — 0 ——= —8!

. ,
_____ E—
AREA 7 (2.3ha) |

AREA 13 (6.30a) _

Figure 12

SOLUTION

Draw a line to represent the proposed sewer in each street or valley to be served. Near the
line indicate by an arrow the direction in which sewage is to flow.

. Locate the manhole, giving each an identification number.

Sketch the limits of the service areas for each lateral.
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4. Measure the areas (ha) of the several service areas.

5. Prepare a table as shown in Table 2 with the columns for the different steps in computation
and a line for each section of sewer between manholes.

Column 1-6 for the line manhole, location of the manhole, manhole numbers, ground level at
starting manhole and length of line between the manholes.

Column 7-8 the corresponding area for the next street of sewer and in Col.8 the sum of the areas
are entered.

Column 9 the population served by each corresponding line is entered.

Column 10 shows the sewage flow (mld) through each line. The sewage flow is assumed as
90% of the per capita water supply.

Column 11 shows the ground water infiltration for each area = 20,000 x 10°° x Col.8.
Column 12 gives the peak flow i.e. Col.10 x 3 + Col.11.

Column 13 gives the peak flow in Ips. Column 14-15 indicate the diameter and slope of the
pipes determined from the Manning's chart.

Column 16-17 indicate the discharge through pipe flowing full and the actual discharge through
the pipes i.e. as Col. 13.

Column 18 also determined from the Manning's chart when pipe following full.
Column 19 calculated from the hydraulic elements curve for the circular pipes.
Column 20 gives Col.6 x Col.15.

Column 21-22 invert levels of the lines are calculated.
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Table 5 Design of a sewer system

Manhole Ground Length Area Served (ha) Sewage Gv:g:er:,d Peak flow Diamet Discharge Velocity Total Invert Elevation
Line | Location level at Population flow infiltration . Slope lps mes fall "
starting
manhole Q Q \ \% Upper Lower
From To m Increment Total mid mid mid Ips mm Full Actual Full Actual m end end
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 Street R.85 R.8.4 38.275 120 0.80 0.80 240 0.054 0.016 0.205 237 150 0.008 14 237 0.75 057* 0.96 37.125 36.165
2 Street R84 R.83 37.960 116 120 2.00 600 0.135 0.040 0.512 5.92 150 0.008 14 5.92 0.75 0.72 0.93 36.135** 35.205
3 Street R.83 R.8.2 36.873 114 1.40 3.40 1020 0.230 0.068 0.873 10.10 150 0.008 14 10.10 0.75 0.82 091 35.175 34.265
4 Street R.8.2 R8.1 36.895 116 0.90 4.30 1290 0.290 0.066 110 12.73 150 0.008 14 12.73 0.75 0.86 0.93 34.235 33.305
5 Street R8.1 8 36.420 75 0.70 5.0 1500 0.34 0.10 129 14.92 200 0.005 24 14.92 0.70 0.74 0.38 34.275 33.895
6 Street 8 7 36.117 41 145 19.5 5850 132 0.39 5.01 57.96 300 0.005 70 57.96 1.0 113 0.21 33.845 33.635
7 Street 7 6 35.830 26 48 243 7300 1.64 0.48 6.22 71.96 350 0.005 100 71.96 12 132 0.13 33.605 33.475
8 Main St. 6 5 35.105 88 22 26.5 7950 1.80 0.53 6.83 79.02 350 0.005 100 79.02 12 132 0.44 33.445 33.005
9 -do- 5 4 34.412 86 7.8 343 10300 231 0.68 8.76 101.35 400 0.0033 125 101.35 1.0 112 0.29 32.975 32.685
10 -do- 4 3 34.181 36 5.0 39.3 11800 2.65 0.70 10.05 116.28 400 0.0033 125 116.28 1.0 114 0.12 32.655 32.535
11 -do- 3 2 34.105 7 12 40.5 12150 2.73 0.80 10.35 119.75 400 0.0033 125 119.75 1.0 114 0.26 32.505 32.245
12 -do- 2 1 34.905 117 5.0 45.5 13650 3.07 391 11.65 134.79 450 0.0033 160 134.79 1.0 112 0.39 32.208 31.811
13 -do- 1 0 33.250 41 17 47.2 14200 3.2 0.94 12.14 140.46 450 0.0033 160 140.46 1.0 112 0.14 31.788 31.641

* Since VEL is less than 0.6mps, flushing once a day is necessary.
** A minimum level difference of 30 mm has been provided between the incoming and outgoing se wers to provide necessary slope in the manhole.
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APPENDIX 3.8 DESIGN OF GRAVITY SANITARY SEWER NETWORK USING
COMPUTER PROGRAMME IN BASIC

The sewer network consists of links (pipes) and nodes (manholes). The pipes are connected by the
manholes. One or more links come and join at a node and the sewage is discharged through a
downstream link which goes into another manhole. Thus the sewer network consists of links and nodes
as if they are connected to a branch of a tree.

The design of sewer network involves selection of appropriate size and slope of a fink so as to connect
the succeeding node to transport the sewage while meeting the requisite hydraulic parameters.
Identification of suitable size of pipe and the corresponding slope form an important part in the sewer
network design. An estimate can be made to select each available commercial diameter for a link so that
it will meet the constraint of design velocity, quantity of flow, depth of flow, minimum cover depth etc.

A computer (SEWER) programme developed in BASIC language optimises the design of a sewer
network for a given layout, flows and pipe diameters by minimising depth of excavation but at the same
time meeting the design constraints of excavation depths, scour velocities, maximum velocities etc.

Before collecting the data it is necessary that the requisite drawing showing the ground profile and
geometry of the network has to be prepared. The data needed to design the SEWER network are pipe
lengths, diameters, nodal demands, ground levels of the nodes, other design constraints such as peak
factor, minimum and maximum allowable velocities, Manning's coefficient, maximum cover depth,
outfall nodal demand, ground elevations, number of nodes, links etc.

The programme assumes linear ground profiles between the nodes. If the ground profile has depression
or hills, then nodes should be introduced at these points.

The SEWER programme can determine minimum and maximum allowable slopes based on minimum
and maximum allowable velocities provided. The minimum lope for each link has to be increased if the
pipe is flowing more than full so that the pipe flows just full, the actual slope with which the pipe is laid
is between the maximum and minimum slopes provided. The pipe slope is chosen to minimize the
excavation depth and maintain minimum cover depth for all the links. Since the total cost of the sewer
network is a function of both the sizes of pipes and their depths and the quantity of excavation, the
programme is run several times so that an appropriate pipe network is obtained.

Design of the Sewer Network

If all the data of the network entered are correct then the programme can be RUN to design the network.
The more complicated and larger the network, it will take more time to design. The process include
renumbering of the nodes and Sinks, assignment of flows, determination of maximum and minimum
slopes, calculation of actual pipe slopes and their elevations, determination of velocities and depths of
flows in the links, checking of the minimum cover depth and reassigning the original link and node
numbers.

The result includes the peak flows, water depths, pipe slopes, minimum slopes, maximum slopes and
ground slopes for each link. Also the u/s and d/s ground elevations, crown elevations, invert elevations
and excavation depth for each link is given. In respect of nodes, the total excavation depth and the
difference in elevation of the highest invert entering the node and that of leaving the node is given. The
total length of links in the network, the average weighted diameter and excavation depth and excavation
area are also given.

The programme compares crown elevation of connected pipes and ignores minor head losses. Thus the
final design is only an approximation winch can be refined by the design engineer. The programme
assumes that the network has only one outfall and uses Manning's equation to determine the pipe slopes.
It assumes that any pipe flowing at 80% full is flowing completely full.

Atypical sewer network diagram, the information and data required as input for the computer, results of
the SEWER programmers as run in the computer etc., are given below.

Data and Information Required as Input to Design a Sewer Network Using Microcomputer
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The BRANCH programme available for SEWER design is capable of designing 300 links and 301
nodes.

The information required to be fed into the computer for the Sewer Design is divided into 3 major parts:
I.  System information
ii. Link data
iii. Node data

The nodes and links can be numbered between 1 to 36,000, ail +ve integers. They need not to be
consecutive.

The system data includes the following:
i. Project title
ii. Units to be adopted
iii. Number of the outfall node
iv. Peak factor
V. Minimum and Maximum velocities
vi. Manning's coefficient
vii. Maximum cover depth
The link data includes the following:
i. Link numbers 'from' and 'to' i.e. the link number of starting node and ending node
ii. Length, diameter of the link
iii. Minimum cover depth for the link
The node data includes the following:
i. Node number

ii. Flow input at the node (flow inputs are entered as +ve and flow outputs are -ve. The only
node which will have demand or output is the outfall node). Wherever transitions and other
changes are encountered, a junction node can be introduced.

iii. Ground Elevation

A model network diagram, the input data, the results of the SEWER.BAS run to design the
network is as follows.
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#1 Total = 13 SEWER File : SAMPLE
NODE FIX FLOW ELEV
SEWER NO. (Ips) {m)
Version 2.0 1 9.55 80
Sewer Piping Network 2 6.308 54
Simulation Program 3 6.308 53
Limits 4 2.528 53
LINKS: 300 5 4.416 50
NODES: 301 6 3.154 49
September 1986 7 48
** NOT FOR DISTRIBUTION * * s 5.046 48
9 5.677 50
10 7.885 " 50
Press any key to start
i1 6.308 51
12 1.892 51
13 50
[}:Insert [+]- Add [S]- Search {(HOME] - First
PgUp/Dn - Review .
[ESC] - Menu (D] - Delete [C] - Copy [END] - Last Tab -
| SEWER Fute: SAMPLE | Next Window
TITLE TEST
NO. OF LINKS 12
NO. OF NODES 13
PEAK FACTOR 25
MIN VELOCITY (mps) .61
MAX VELOCITY (mps) 2.44
MAX COVER DEPTH (m) 45 SEWER File - SAMPLE
OUTFALL NODE
{ESC]) Menu [TAB] - Next Window
NODE CROWN
NO. ELEV.
7 45
#1 Total = 12 SEWER File : SAMPLE
{
LINK  FROM TO ~ LENGT DIA  MANNIN MIN COVER
NO.  NODE  NODE . H (mm) GS ~ DEPTH(m) (ESC] Menu (TAB} Next Window
(m) _ COEF.
1 1 2 60 150 013 1.5 “ SEWER RESULT : H
2 2 3 100 200 018 15
3 4 3 75 150 013 15 [, e
4 3 6 75 300 .013 1.5 NO. OF NODES 13
PEAK FACTOR 2.5
5 5 6 125 150 013 1.5 MIN SCOUR VEL. (mps) o
6 6 7 60 600 .013 1.5 MAX VELOCITY (mps) 2.44
MAX COVER DEPTH (m) 45
7 8 8 4 850 013 15 SEWER OUTFALL NODE 7
8 9 8 70 300 013 1.5 CROWN ELEVATION OF OUTFALL NODE (m) 45
TOT SYSTEM LENGTH (m) 935
e 13 9 45 200 013 15 AVE WEIGHTED DIAM (mm) 227.8075
0 io 18 45 200 .013 1.5 AVE EXC. DEPTH (m) 2.056898
AVE EXC. AREA (sq. 4926577
1 1 9, 110 200 013 15 (eq.m)
12 12 11 125 150 013 1.5
(] - Insert [+]- Add [S]- Search [HOME] - First [ESC] Menu  [TAB] - Next Window  (PgUp] - Review Back
PgUp/Dn - Review . [SPACE BAR] - Continue
[ESC]- Menu (DI - Delete (Cl- Copy [END] - Last Tab -
Next Window 5 8 O
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NODE INPUT  GROUND EXCAVATION . DISTANCE HIGHH35
NO. (ips) ELEV DEPTH INVERT TO LOW
.. {m]} (m) INVERT (m)
1 9.55 60.00 3.15 0.08
2 6.31 $4.00 1.70 0.05
3 6.31 53.00 2.77 0.78
4 2.52 53.00 1.65 0.00
5 4.42 50.00 1.64 ~——_ 0.00
6 3.15 49.00 3.21 .1.56
7 -59.07 48.00 2.25 0.00
8 5.03 48.00 1.85 0.05 640
9 5.68 50.00 2.16 0.30
10 7.89 50.00 1.70 0.00
11 6.31 51.00 2.38 0.05
12 189 " 51.00 1.65 0.00
13 0.00 50.00 1.88 0.00
[ESC] - Menu [TAB] - Next Window  (PgUpl - Review Back [SPACE
BAR] - Continue 645
LINK  VOLUME OF EXCAVATION COST
NO.  EXCAVATION
(cum).
1 21.59 0.00
2 40.39 0.00
3 20.47 0.00
4 51.45 0.00 650
5 30.94 0.00
6 98.30 0.00
7 37.85 0.00
8 41.63 0.00
9 17.76 0.00
10 16.12 0.00
11 46.77 0.00
12 37.36 0.00
460.64 0.00 655
[ESC] - Menu (TAB] - Next Window  (PgUp]| - Review Back
(SPACE BAR] - Continue
660
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APPENDIX 3.9 ILLUSTRATIVE EXAMPLES FOR STRUCTURAL DESIGN OF
BURIED CONDUITS

General assumptions

The general assumptions relating to the characteristics of soil and other factors for the examples are
given below:

i) Saturated density of fill(w)= 2,000 kg/m®
i)  Kp=Kp’=0.130, ordinary maximum tor clay (thoroughly wet)

iii) ry for rigid conduit on ordinary bedding= 0.7 tor positive projection and —0.3 for
negative projection

iv)  Projection ratio = 1
v)  Concentrated surcharge corresponding to wheel load for Class AA wheel loading=6.25T
vi)  Impact factor = 1.5

vii)  Factor of Safety for safe supporting strength = 1.1
viii) The design also provides for accidental surcharge of drains and accounts for a water load
of 75% as per standard practice, based on the assumption that the sewage flow is 3/4 full.

Determination of fill loads over pipes
EXAMPLE |
1 PROBLEM

Determine the fill load on a 1,200 mm dia. NP2 Class concrete pipe installed in a trench of width of
2.3 mand depth of 4.00 m.

2 SOLUTION

Pipe thickness ‘t” = 65mm for D of 1,200mm
B.=D +2t=12,00 + 130 = 1,330mm = 1.33m
Bgs=2.3m

H=4.00-133=267m

H/ By=(267/23) =116

B, is < 2B Hence trench formula is applicable.

Cq= 0.9965 or 1.00 (from table3.12) for ordinary maximum for clay.
From equation (3.25)

W =C, wB,*=1.00 x 2,000 x 2.3* = 10,580 kg/m

EXAMPLE 11
1 PROBLEM

Determine the fill load on 900mm dia NP2 Class concrete pipe installed in a trench of width 2.1 m
and depth 6.0 m.

2 SOLUTION

Pipe thickness *t” 50mm for D of 900mrn
B.=D +2t=900 + 100 = 1,000mm =1m
w = 2,000kg/m?

H=6.0-1.0=5.0m
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Bg=2.1m

(H/Bg) =(5.0/2.1)=2.38

2B, <B4 <3B: Hence either the trench or embankment formula can be used,
From Table 3.13

Cy=1.77188 or say 1.8

From Equation (3.25)

W, =Cy wB¢ =1.8 x 2,000 x 2.1° = 15,876 kg/m or say 16,000 kg/m.
EXAMPLE I

1 PROBLEM

Determine the fill load on a 1,200mm dia NP2 Class concrete pipe installed as a positive projecting
conduit under a fill of 7 m height above the top of pipe. The pipe wall thickness is 65mm and the fill
weight 2,000 kg/m?®.

2 SOLUTION

Assume rgs=0.7and p = 1.0

H=7m

B. = 1,200 + 130 = 1,330mm = 1.33m
H/B. = 7/1.33 =5.26
rgxp=07%x1=0.7

C. =9 (fromfigure 3.12)

Using equation (3.21)

W, = C,w B =9 x 2,000 x 1.33% = 31,850 kg/m
EXAMPLE IV

1 PROBLEM

Determine the fill load on a 1,200mm dia NP2 Class pipe installed as a negative projection conduit in
a trench the depth of which is such that the top of the pipe is 2 m below the surface of natural ground
in which the trench is dug. The height of the fill over the top of the pipe is 10 m.

2 SOLUTION

Assume the width of the trench as 2 mand fill weight, w = 2,000 kg/m®
Assumergg =—0.3andp’=1.0

H=10m, B;=2.00m H/By=10/2 =5.00

For values of p’=1.0 ry=-0.3and H/By=5.00

Cn=3.2 (fromfigure 3.14)

Using equation (3.22)

W, = C, w B¢ = 3.2 x 2,000 x 2.0* = 25,600 kg/m

EXAMPLE V

1 PROBLEM

Determine the load on 1,500mm dia conduit in tunnel condition 15 m deep in a soil of silty sand.
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2 SOLUTION

APPENDICES

The maximum width of excavation (B;) may be assumed as 1,950mm; and the cohesion coefficient

(C) of the soil as 500 kg/m?
Ky =0.15and w = 1,800 kg/m’
H=15m; B;=1.95m
H/B,= 15/1.95=7.7
C:=3.00 (from figure 6.11)
Using equation (3.27)
W;= C; B(w B;-2C)

EXAMPLE VI
1 PROBLEM

3.00 x1.95 (1,800 x 1.95 — 2 x 500)
3.00 x 1.95 x 2,510 = 14,680 kg/m

Determine the load on a 600 mm dia NP, Class pipe (t = 40 mm) under 1 m cover caused by 6.25

Tonnes Wheel load applied directly above the centre of pipe.
2 SOLUTION

L =1 m(since standard length of conduit 1 m)
H =1m

B = 600+80 = 680 mm = 0.68 m

(L/2H) = (1.0/2x 1) = 0.50

(Bc/2H) = (0.68/2 x 1) = 0.34

From table 3.15 for values of (L/2H) = 0.50

And (B. /2H) =0.34

C.= 0.248

Using equation (3.29)

W =Cs(PF/L)=(0.248 x 6250 x 1.5/1.0) = 2,325 kg/m
EXAMPLE VII

1 PROBLEM

Determine the load on a 1,200 mm dia concrete pipe under 2 m of cover resulting from a broad gauge

railway track loading;

2 SOLUTION

Assumed thickness of pipe = 100 mm

Axle load P = 22.5 tonnes

Impact factor F =1.75

Length of sleeper 2A=D =2.7m

Assume 4 axles spaced 1.84 m on the locomotive (2B)
M=4x2B=4x184=736m, H=2m

Weight of track structure =w; = 0.3 T/m
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_PF+2W,B_ PF__W,
44B  44B 24
_225x175 03 .
27x184 2.7

=7.925 + 0.111 = 8.036 tonnes/m?
B. =1,200+200=1,400mm=1.4m

U

D _27 675
2H 2x2
£=4X1'84=1.84
2H 2x2

From Table 3.15
Influence Coefficient Cs = 0.652
Using equation (3.31)
W =4C;UB;=4x0.652 x 8.036 x 1.4 = 29.34 tonnes/m = 29,340 kg/m

(Since it has been given that it is a broad guage track, the formula W = 32.14 C, B, could be used
directly without calculating the value of U).

Using the formula W = 32.14 C; B,
W =32.14 x 0.652 x 1.4 =29.337 t/m. or 29.37 kg/m

EXAMPLE VIII
1 PROBLEM

Design the structural requirement tor a 900mm dia. NP5 class sewer pipe which is to be laid in 6m
deep trench of 2.0 m width assuming that the total vertical load will account tor concentrated
surcharge of 6.25 T applied at the centre of the pipe. The water load should also be considered.

2 SOLUTION

The type of bedding for the purpose of this example may be assumed as A, class with load factor of
2.8.

B.=900+2x50=1,000mMm=1.0m
H=6-1=5m
Bd:2.0

H/By = 5/2.0 = 2.50
Cq=1.764 (fromtable 3.13 for saturated top soil)

Using equation (3.25)  ....... W, = Cqw B4
W, = 1.764 x 2,000 x 2° = 14,110 kg/m.
L=ImH=5m

L1 o

2H 10

and

B _1_p2

2H 10

FromTable 3.15 C,=0.019
Using equation (3.29)
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W, =C, (PF/L)=(0.019 x 6,250 x 1.5) / 1 = 178 kg/m

Water Load W, =£><i><i><l><l,000><E
7 10 10 4 100

W, =W, + W + W, = 14,110 + 178 + 471 = 14,759 or say 14,800 kg/m

Safe supporting strength of 900 mm NP, pipe with class A, bedding = [(3,750 x 2.8) / 1.5] = 7,000

kgs/m which is less than the total load on the pipe i.e. 14,800 kgs/m.

Safe supporting strength of 900 mm NP5 pipe with class A, bedding = [(10,140 x 2.8) / 1.5] = 18,928
kgs/m. which is more than the total load on the pipe i.e. 14,800 kgs/m.

=471kg/m

Design of anti flotation blocks
EXAMPLE IX
1 PROBLEM

A RCC pipeline of internal dia 2,000mm and barrel thickness of 115mm is to be laid below Ground
level. Each pipe is 2.5 metre long and weighs 2 Tonnes. The minimum overburden required to prevent
the pipe from upliftment is to be determined. Where there is no over-burden the size of RCC of
antiflotation block required to prevent it from flotation is to be determined.

2 SOLUTION
Depth of cover to prevent flotation of an empty pipeline.

Hmin BC (WS - WO )+ VVC = (%j BCZ WO

Where,
Hmin : Minimjum depth of fill required to prevent flotation of empty pipe
B . 0.D. of pipe, meters
W, . Density of (soil) fill material = 1,800 kg/m’
W, . Density of water = 1,000 kg/m’

To show that the pipe gets lifted up if there is no over burden
Weight of empty pipe W, = 2,000 kg/metre
B.=2.00 + 0.23 = 2.23 metre (O.D. of pipe)
When there is no over burden weight of water
displaced = (z/4) B%w,
(m/4) x (2.23)* x 1,000 = 3,910 kg or 3.91 tonnes

Since the weight of Empty pipe (2 tonnes) is less than the upward weight of water (3.91 tonnes) the pipe
will float.

Depth of minimum overburden required to prevent flotation with a factor of safety 1.2
Hmin Bc(Ws_W0)+WC=(T[/4)xBCZWO

Humin X 2.23 (1.8 — 1.00) + 2 = [(1/ 4)] x 2.23% x 1 x (Factor of safety of 1.2)
Huin = 1.5 metres

Hence it is desirable to provide a cover of 1.5 metres to prevent flotation of pipeline.

Where it is not possible to provide the above minimum over burden anti flotation blocks can be
provided for each pipe to prevent flotation of pipeline.

The Anchoring force required to be created is equal to the 1st term of the equation (3.28).
i.e.
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850 Humin Be  (Ws— W )

Hmin = 1.5mwith a factor of safety of 1.2

B.=2.23m

ws = 1,800 kg/m®

W, = 1,000 kg/m®
855 1.5 x2.23 x (1.8 - 1.00) = 2,680 kg/metre length of pipe

Anchoring force required for each pipe of 2.5 metre long

= 2.68 x 2.5 = 6.7 tonnes per pipe
Volume of concrete to be provided;

Submerged weight of concrete: (2,400 — 1,000) = 1,400 kg/m® or 1.4 tonnes/m®

860 Volume = (6.7 /1.4) = 478 m’
Provide antiftotation block of size 2.85 x 1.5 x 1.20 m for each pipe of 2.5 mlong (Figure A-3.7).
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Figurel3 Antifloatation block
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APPENDIX 3.10 THREE EDGE BEARING TESTS FOR PIPES STRENGTH

The load which the pipe must withstand without failure is termed three-edge bearing strength.
For unreinforced concrete pipes, the point of load at which the pipe cracks and fails is the
termination of a three-edge bearing test.

For reinforced concrete pipes, these specifications provide two criteria for passing the
three-edge bearing test; first, there is an intermediate load based on the appearance of a crack
0.25 mm wide and 0.3 m long. The final requirement tor reinforced pipe is the ultimate
three-edge bearing strength at the final failure of the pipe where no further load increase can be
supported.

In conducting this test, the pipe is placed horizontally on two parallel wooden rails resting on
15cm x 15cm bearing block or other solid support that extends the length of the pipe. An upper
bearing block is placed on the top of the pipe. Next, a rigid I-beam or other structural member is
placed on the upper bearing block to apply the load to the block.

Table 6 Three edge bearing strengths of concrete pipes are given below

Load to produce 0.25 crack Ultimate load
(kg/liner meter) (kg/liner meter)
P'a of Concrete Concrete
pipe mm
NP, PP, & Ps | NP3 NP, NP; | NP, P P& Py NP5 NP,
1 2 3 4 5 6 7 8
80 1,040 - - - 1,560 - -
100 1,040 - - 1,560 1,560 - -
125 - - - - - - -
150 1,040 - - 1,560 1,560 - -
200 - - - - - - -
250 1,140 - - 1,670 1,710 - -
300 1,200 - - 1,790 1,800 - -
350 1,260 3,040 - 1,880 1,890 4,363 -
400 1,360 3,460 3,460 2,020 2,040 5,190 5,190
450 1,480 3,730 - 2,220 2,220 5,640 -
500 1,660 4,160 4,160 - 2,490 6,240 6,240
600 1,900 4,720 4,720 - 2,850 7,980 7,980
700 2,100 5,320 5,120 - 3,150 7,980 7,980
800 2,300 6,060 6,060 - 3,430 9,090 9,090
900 2,500 6,760 6,760 - 3,750 10,140 10,140
1,000 2,680 7,400 7,400 - 4,020 11,100 11,100
1,100 2,780 8,200 8,200 - 4,170 12,300 12,300
1,200 2,880 9,000 9,000 - 4,320 13,500 13,500
1,400 2,900 - 10,610 - 4,470 - 17,950
1,600 2,980 - 12,800 - 4,470 - 18,300
1,800 2,980 - 13,800 - 4,470 - 20,700
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APPENDIX 4.1 COMPUTATION OF FRICTION FACTOR IN PUMPING

MAINS
885
(A) (B) q9) (D)
1. Appendix 4.1
2. Friction factor for Fittings in Pressure Mains
3. Given the type and numbers of fittings, find the total friction factor
4. This is left blank for the designer to enter his design notes
5. This is left blank for the designer to enter his design notes
6. This is left blank for the designer to enter his design notes
7. | Sudden contraction 2.0 Enter by Designer
8. | Factor 0.5 From Table 4.2
9. | Entrance shape well rounded 1.0 Enter by Designer
10.| Factor 0.5 From Table 4.2
11.| Elbow 90 degrees 4.0 Enter by Designer
12.| Factor 1.0 From Table 4.2
13.| Elbow 45 degrees 0.4 Enter by Designer
14.| Factor 0.75 From Table 4.2
15.| Elbow 22 degrees 2.0 Enter by Designer
16.| Factor 0.5 From Table 4.2
17.| Tee 90 degrees 4 Enter by Designer
18.| Factor 15 From Table 4.2
19.| Tee in straight pipe 1.0 Enter by Designer
20.| Factor 0.3 From Table 4.2
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21.| Gate valve open 4 Enter by Designer
22.| Factor 0.4 From Table 4.2
23.| Valve with reducer and increaser 3 Enter by Designer
24.| Factor 0.5 From Table 4.2
25.| Globe valve 4 Enter by Designer
26.| Factor 10 From Table 4.2
27.| Angle 2 Enter by Designer
28.| Factor 5 From Table 4.2
29.| Swing check 1 Enter by Designer
30.| Factor 2.5 From Table 4.2
31.| Venturi meter 1 Enter by Designer
32.| Factor 0.3 From Table 4.26
33.| Orifice 1 Enter by Designer
34.| Factor 1.0 From Table 4.2
35.| Total friction factor 70 (See footnote)

Footnote — Formula for cell C35 will be as under

(C7xC8)+(CIXC10)+(C11xC12)+(C13xC14)+(C15xC16)+(CL7xC18)+(C19xC20)+(C21xC22

)+(C23xC24)+(C25xC26)+(C27xC28)+(C29xC30)+(C31xC32)+(C33xC34)
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APPENDIX 4.2 CALCULATION OF KW NEEDED FOR PUMPING

Given

Low sewage level =35m

Delivery level =325m

Velocity as in Appendix 3.4 is =1.295 m/s

Discharge as in Appendix 3.4 is = 7,913 cum/ day

Slope as in Appendix 3.4 is 1 in =210

Length of pumping main =4,200m

Top of goose neck before delivery =340m

Friction factor due to fittings as in Appendix 4-1

Type of pump is submersible

Answer

Goose neck is treated as well rounded entrance = factor is 1

Hence friction loss due to fittings is =70+2=72

Discharge =7,913 x 1,000/ 24/ 3,600 = 91.6 Ips
Velocity head =0.883x0.883/2/9.81=0.04
Loss of head in fittings =0.04x72=287m

Top elevation of goose neck at delivery =34.0m

Add factor of safety against cavitation =1m

Static lift =(34+1)-35=315m
Friction loss =4,200/210=20m

Total system head =287+315+20=54.37m
Pump efficiency =0.65

Actual kW needed =91.6 x 54.37/100.5/ 0.65/0.9 = 85 kW
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APPENDIX 4.3 EFFECTS OF SILTING AND EROSION SEWAGE PUMPING MAIN
PERFORMANCE

The following is an extract from the “Master Plan for Water and Sewerage” by the WHO and
UNDRP for the Chennai Metropolitan Area prepared dated 1977 and which was the basis for the
country’s first birth of an exclusive Water Supply and Sewerage Board at Chennai.

Five numbers of differently aged sewage pumping mains of Chennai sewerage system were selected
and the hydraulics were evaluated using Rhodamine B Fluorescent tracer dyes injected into the
pump deliveries and the concentrations were measured with a fluorometer at the start and
discharge of the pumping mains and related to the measured flows, diameter and length of the pipe
lines which were all Cast Iron mains with spigot socket lead joints. The study was aimed to
establish the velocity profiles, siltation in the pumping mains and the resulting friction co-efficient.
All the pumping mains were low lift pumping stations and hence the Manning’s n was selected as
the criteria of friction factor evaluation.

1 The Physical Setting and Methodology

The sandy soils in the area coupled with the local practice of scouring cooking pots with sand
contribute to the inordinate quantities of grit and silt found in Madras sewage. This phenomenon was
recognized by Madeley, and his investigations conducted in the early 1900’s led to the construction of
degritting wells ahead of the major pump stations which however were mostly non-operational. As
part of the present investigations, tests were conducted at five of the pump stations. Static head and
friction losses were measured at several flows with dual pressure gauges immediately downstream
from the pump station manifold. Flows were measured by using a Turner fluorometer and
standardized solutions of Rhodamine “B” dye. The dye was fed at a constant rate into the pump bell
mouth by a calibrated peristaltic pump and samples were collected at a point far enough downstream
from the pump to ensure complete mixing. Flow rates were computed from the observed dilution of
the standard fluorescent dye solution.

The results of these tests are presented in Table 7. The measurements of flow, total head and static
head are given in columns (1) to (3). The dynamic head column (4) is the difference between the total
and static heads. Column (5) shows the calculated flow velocities. The “K” value in column (6) is

equal to Ahd/Qz. The Manning’s roughness coefficient, n, was calculated from the Manning equation:
O = (4/n)R¥*(Ah, I L)'

Examination of Table 7 shows that the calculated K and n values change with flow and velocity.
Higher apparent n values are associated with lower velocities. Hydraulic theory dictates that there are
only two possible causes for this phenomenon, either the basic relation changes or the cross sectional
area of the pipe and / or the roughness of its interior change.

Dr Walter L Moore discussed the first of these possibilities in his 1959 ASCE paper entitled
“Relationships between pipe resistance formulas”, where it was shown that the friction loss constant
K, does increase slightly as the flow is reduced towards the point where the laminar flow regime
begins. To account for this phenomenon, Dr Moore developed a procedure for varying the exponent
“m” as a function of the Reynolds Number and, thereby, allowing K to remain constant.
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Table 7 Force Main Friction Loss Analysis
Computed
Velocit Measured | Roughnes
Q flow Aht Ahg Ahy K S
y Ahy/Q® | Coefficien
Force main _ _ t
Total Head | Static Head Dynamic
m/s meters of metres of | Head metres m/s 2/ m “pn
water water of water
1) 2 (3) 4) (5) (6) (7
2.8 2.1 0.83/
Greams road 0.095 492 1 1 057 234 0.0104
625 m of 380 2.8 4.2 1.19/
mm 0.136 7.03 1 5 0.82 228 0.0102
1,595 m of 11.9 2.8 9.1 1.71/
460 mm 0.195 6 1 5 119 241 0.0106
New 0.43/
Purasawalka 0.387 2.39 1.4 1.0 0 3 6.68 0.0154
o .
3,017 mof 1.2 0.50/
1,065 mm 0.449 2.67 1.4 7 038 6.30 0.0150
1,723 mof 1.7 0.61/
1,200 mm 0.544 3.16 1.4 6 0.46 5.95 0.0145
5.9 0.74/
0.66 7.38 1.4 8 0.57 13.7 0.0221
Langs 0.066 28 nil 28 | 091 | 633 0.0134
Garden
603 m of 305 0.074 35 nil 35 | 1.01 | 639 0.0135
mm
Chetput 0.029 5.62 nil , > oss | O 0.0205
990 m of 225 5.97 . 5.9 322
mm 0.043 5 nil 7 0.85 9 0.0146
0.029 5.45 nil : 54 1 058 623 0.0202
Law College 0.071 1.8 0.32 357 0.0240
2,107 m of 0.085 32 | 038 | 443 0.0267
535 mm
0.111 . 54 1 050 | 446 0.0268
0.15 . 441 067 | 108 0.0179
0.17 3.4 0.76 118 0.0138
0.202 . 441 090 | 109 0.0133
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Modified K values were computed using Dr Moore’s method in an attempt to explain the severe
variations noted in column (6), but this refinement did little to stabilise the K values, and
therefore, the variations must be attributed to the silt buildup changing the cross sectional are of
the lines.

Data developed from the Law College tests were subjected to further analysis with the results
shown in Table 8. Assuming that the variations in K values were in fact due to the partial
clogging of the pipe, equivalent pipe sizes and areas were computed as in columns (4) and (5) of
Table 8. The % shown in column (6) represent the unclogged area of a 535 mm diameter pipe
which would have a cross sectional area equal to the equivalent pipe noted in column (5).
Column (7) shows the apparent velocity of the flow, noted in column (1), travelling through a
clean, 535 mm diameter line.

Considering these measured and computed data the bottom 40 to 45 percent of the Law College
force main is evidently clogged with silt and remains so until the flow reaches an apparent
velocity of approximately 0.55 nvs. at velocities greater than 0.6 mV/s scouring begins to take
place, and the pipe is essentially cleaned out when the apparent velocity exceeds 0.7 m/s. This
phenomenon is illustrated graphically in Fig 8-6 is the measured flow versus head loss for the
535 mm force main is plotted.

Table 8 Analysis of Law College Force Main Losses.

Q h K Equivgilggt pipe Equivalent pipe | Equivalent port_ion Appar_ent

(for n = 0.0135) area of unclogged pipe Velocity
m*/s m mm sqm % m/s
@ ) ®) (4) (®) (6) )
0.071 1.8 357 430 0.145 65 0.32
0.085 3.2 443 413 0.134 60 0.38
0.111 5.49 445 412 0.134 60 0.50
0.15 4.45 198 480 0.181 81 0.67
0.17 3.4 118 529 0.220 98 0.76
0.202 4.45 109 537 0.226 101 0.90

Four conclusions can be drawn from the results of the force main tests.

Firstly, the clogging of force mains with silt is a significant problem, and the current degritting
methods are not effective. The Law College force main is not an exception because equally
large concentrations of grit were observed in the flow of all force mains tested. Clogging takes
place rapidly because the 40 percent reduction in the cross section of the Law College force
main occurred within a period of twelve hours.

Secondly, no special tools or equipment are required to remove silt from a force main in as
much as subjecting the line to velocities of greater than 0.8 nvVs appears to remove essentially all
accumulations.
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Figure 14 Measured Flow vs head in the Law College Sewage Pumping Station

Thirdly, no economy in power cost is gained by designing the large force mains to operate at
low velocities unless much more effective grit removal is practiced. Larger lines will fill; up
with silt until a scour velocity is reached and then produce the friction losses commensurate
with the smaller equivalent pipe.

Fourthly, force mains which have been operated at reasonably high velocities exhibit a friction
loss coefficient “n” when clean similar to that of smooth wrought iron pipe. Evidently, the larger
quantities of grit transported through these lines has polished their interiors. In fact Greams road
force main was apparently so thoroughly polished that it responded hydraulically like a smooth
brass or glass pipeline. It was therefore concluded that a friction loss co-efficient of 0.0125 is
more representative of the Madras Force mains than the normally accepted values for new cast
iron of 0.013.

This historical record establishes the need to ensure (a) adequate grit removal before
pumping and adequate non silting velocities in the design stage itself as otherwise, like the
mains reported herein, the siltation may be severely restraining the pumping main capacities
in the years to come and especially in locations where the densification of population is very
slow in newer habitations and eventually when the population does pick up to designed
capacity, the pumping mains would have been severely choked calling for radical “cut and
cure” techniques.

By a similar argument, the same can also happen to the gravity sewer collection pipes also
and it will not be easy to “cut and cure” such gravity sewers.

The study also advances a case effectively on the need for incremental sewerage and non
conventional options as in chapter-3 especially in the case of newer layouts.
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APPENDIX 4.4 EVALUATING OPTIONS FOR SIZING THE SEWAGE PUMPING MAIN AND PUMP SETS

1. Appendix 4.4

2. Evaluating Options for Sizing the Sewage Pumping Main and Pump sets

3. Blank row for notes

4, A B C D E F G H | J K
5. Condition of flow Immediate flows Intermediate flows Ultimate flows

6. Stage low average peak low average peak low average peak
7. Average flow, cum/ day Enter by Designer 1500 3800 7900

8. Proportion Enter by Designer 0.6 1 2.2 0.6 1 2.2 0.6 1 2.2
9. Design flow, cum / day D7*C8, D7, D7*E8 900 1500 3300 2280 3800 8360 4740 7900 17380
10. Hazen Williams C Enter by Designer 100 100 100 100 100 100 100 100 100
11. Desired velocity, m/s 0.8, C11*D8/C8, C11*E8/C8 0.8 1.3 2.9 0.8 1.3 2.9 0.8 1.3 2.9
12. Area needed, sqgm C9/24/3600/C11 0.013 0.013 0.013 0.033 0.033 0.033 0.069 0.069 0.069
13. Dia needed, m SQRT(C12*4/3.14) 0.129 0.129 0.129 0.205 0.205 0.205 0.296 0.296 0.296
14. Dia needed, mm C13*1000 129 129 129 205 205 205 296 296 296
15. Radius, m Power(C13,0.63) 0.064 0.064 0.064 0.102 0.102 0.102 0.148 0.148 0.148
16. Radius power 0.63 POWER(C15,0.63) 0.178 0.178 0.178 0.238 0.238 0.238 0.300 0.300 0.300
17. S power 0.54 C11/0.848/C10/C16 0.053 0.089 0.195 0.040 0.066 0.145 0.031 0.052 0.115
18. S POWER(C17,(1/0.54)) 0.004 0.011 0.048 0.003 0.007 0.028 0.002 0.004 0.018
19. Slope 1 in 1/C18 229.6 89.1 20.7 394.8 153.3 35.6 605.1 234.9 54.6
20. length, m Enter by Designer 960 960 960 960 960 960 960 960 960
21. Friction in pipeline, m C20/C19 4.2 10.8 46.4 2.4 6.3 27.0 1.6 4.1 17.6
22. Velocity head, m C11*C11/2/9.81 0.033 0.091 0.439 0.033 0.091 0.439 0.033 0.091 0.439
23. Friction factor in fittings Friction '1C47 70 70 70 70 70 70 70 70 70
24, Friction in fittings, m C22*C23 2.3 6.3 30.7 2.3 6.3 30.7 2.3 6.3 30.7
25. Static lift, m Enter by designer 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5
26. Total head, m Enter by designer 98.8 102.8 127.2 98.8 102.8 127.2 98.8 102.8 127.2
27. Efficiency of pump set Enter by designer 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
28. Discharge, Ips C9*1000/24/3600 10.4 17.4 38.2 26.4 44.0 96.8 54.9 91.4 201.2
29. Kw required C28*C26/C27/100.5 12.8 22.2 60.4 324 56.3 153.1 67.4 117.0 318.2
30. Option 1-Preferred
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Provide 150 mm pipeline at zero year, add 150 mm at 11th year and 250 mm at 21st year and change pump sets at 11th year The augmentation of pump sets at 21st year can be decided based on realistic conditions at that time. May be suitable

3L for smaller systems

32. Option 2

33. Pr_ovide 200 mm pipeline at zero year itself and pump sets also as for the 11th year and use the storage volume in the wet well and sewer system. The augmentation at 21st year can be decided based on realistic conditions at that time, May be
suitable for very large systems

34. Basis for Decision

35, Unlike water pumping, sewage flow rates varies widely through day and night and grit adds to the problem. Hence, paramount importance is to ensure minimum of 0.8 m/s all times. Each system to be weighed carefully based on calculations

as above for that system.
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APPENDIX 5.1 EXAMPLE FOR HYDRAULIC DESIGN OF MECHANICALLY
CLEANED BAR RACK AND SCREEN CHAMBER

1 PROBLEM STATEMENT

Design a bar rack and screen chamber for a peak design flow of 150 MLD (3xaverage sewage
flow of 50 MLD) with the following data.

Peak design flow = 1.736 m%s

Flow conditions in incoming trunk sewer

Diameter of incoming sewer = 140 m
Depth of flow in sewer at peak flow = 1.05m
Velocity in sewer at peak design flow = 1.16 m/s
Drop of screen chamber floor to invert = 0.08 m
Assumed width of rectangular bars = 10 mm
Clear spacing between bars = 25 mm

Sketch a hydraulic profile through bar rack under clean conditions as well as for 50% clogged
conditions.

2 SOLUTION
2.1 DESIGN OF BAR RACK

Assume depth of flow in screen chamber = 1.05m

Assume velocity of flow through rack Openings = 0.9 m/s

Clear area of openings through the rack = %

_ L1736 _ 1 929 m?
0.9
. . 1.929

Clear width of openings through the rack = 105 =184m
Provide 73 clear spacings of 25mm each
Number of bars = 72 of 10mm each
Total width of the screen chamber = 73x25 72 10 = 2.545m

+72x——
1000 1000
2.2 ACTUAL DEPTH OF FLOW IN SCREEN CHAMBER AT PEAK FLOW

The longitudinal section of the screen chamber is divided into four sections. The section 1 is at
sewer, section 2 at screen chamber u/s of bar rack, section 3 at d/s of bar rack and section 4 u/s
of the outlet of screen chamber. It is assumed that the outlet channel/sewer from screen chamber
discharges freely into the sump well. The definition sketch is given in Figure 15.

Applying Bernoulli's theorem between sections 1 and 2
V2 v,
Zi+d+| 2 |=Z,+d,+ |2 |+h,
2g 2g

Where,
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21& Z, = datum heads

d; & dy = depths of flow at sections 1 and 2

V&V, = velocities of flow at sections 1 and 2

h, = head loss due to sudden expansion from sewer to screen chamber

x|W ¥

‘|2¢ 22
Taking floor of the screen chamber as datum (Z, = 0) and assuming K. = 0.3 for coefficient of
expansion,

2 2.545d 2
0.08+1.05+( 116 1J:0+d2+ .) . 03 {1_162_( 1.736 j }

x9. 2x9.81 2x9.81 2.545d,

d,® -1.178d,> +0.0166 = 0

Solving by trial and error,

d, =1.17m
) __ L1138 osgamis
2.545x1.17
2.3 VELOCITY THROUGH CLEAR OPENING OF BAR RACK
- Flow
Net area of opening through rack
= 1.736 = 0.813m/s

73x0.025%x1.17

The velocity through the bar rack was assumed to be 0.9 m/s but it is actually 0.81 my/s. If
desired, the steps I, Il and 111 can be revised to yield different values of number of bars, depth of
flow and velocity of flow, etc. However as V is within range (0.6-1.2 m/s), these steps are not
being revised, being acceptable.

2.4 HEAD LOSS THROUGH BAR RACK

7 =0.0728(12 = 7,2) = 0.0728x(0.813 - 0.573°)
=0.024 m

Using Kirschmer’s Formula

4
h = pWIb)s h,siné

4
= 2
_ 2.42{72”0)3 x( 0.813 Jsin 75°

73x 25 2x9.81
=0.022 m

2.5 DETERMINE DEPTH AND VELOCITY OF FLOW D/S OF BAR RACK

Applying energy equation between sections 2 and 3
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2 2
Zz+d2+VL = Zy+d;+ Vi+h
2g 2g

when bar rack is clean

APPENDICES

( 1.736 J
2 2.545x d
0+1.17 + 0578 =0+d3+#+0.024
x9. 2x9.81

1070 dy® —1.163d,” +0.0237= 0

dy=115m

=175 0593m/s

2.545x1.15

2.6 HEAD LOSS THROUGH BAR RACK AT 50% CLOGGING

Assuming d; and ¥, as depth and velocity of flow at section 2 when bat rack is 50%
1075  clogged,

2 2
Vi V.
d§+( 2) = dy+ -2 +hgy,
2 2¢g

hegy, = 0.0728((Velocity through clog ged rack)2 - sz)

2 2
00728 1.736 - 1.7361
73x0.025% 0.5 d} 25454}

- 0.23
(a3
Therefore,
[ 1.736 J
2.545x d; 2
Qi+ X d; _115 0.593 N 0.23
2x9.81 2x9.81 (d;)z
1080 (a5) -1.168(a%)-0.206=0
dy=130m
gzﬂzo.szwm
1.30x2.545
Head loss under 50% clogging of bar rack,

hego, = % =0.136 m <0.15m hence OK
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2.7 FLOOR RAISING REQUIRED IN CHANNEL BEFORE FREE FALL INTO SUMP
WELL

If the flow d/s of bar rack has to be designed for free fall conditions into the adjoining sump
well of pumping station, it is obvious that critical flow conditions will prevail near the outfall.

Depth of critical flow,

1
(o2 P
dc_(gsz

1

2 s

| LT P o360
9.81x(2.545)

Critical velocity,

1736
¢ 2.545x0.362
In order not to disturb the existing hydraulic profile at section 3 and beyond, the floor of the

screen chamber has to be raised by an amount Z., which can be determined by applying
Bernoulli’s Theorem between sections 3 and 4.

=188mls

vy v
Zy+dy+| 2 |=Z,+Z,+d, + | = |+head loss
2g 2g

Since Z3 = 74, dy=d. = 0.362 m, V, =V, = 1.88 m/s and neglecting head loss,

2 2
0+1.15+w:0+20 +0.362 + 1.8

x9.81 2x9.
Z;=0.625m
2.8 HYDRAULIC PROFILE

Hydraulic profile through the bar rack for clean conditions as well as for 50% clogged
conditions is presented in the following Figures.

+0
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SECTION D SECTION @ SECTION (& ‘SECTION @ o
, | ,
} ! i ;
| ! 1 l
| | l
? 5—— :\ ~~~~~ o — |
140m 1105 [ —_—— = —— s
X 13 1 | N
20T I : 7
0.08m | 75°
e 2 t wer
DATUM | § i | 43 WELL
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dc=0.362m |
A ST
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Figure 15
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APPENDIX 5.2 DESIGN EXAMPLE FOR GRIT CHAMBER WITH
PROPORTIONAL FLOW WEIR AS HYDRAULIC CONTROL DEVICE

1 PROBLEM STATEMENT

Design grit chamber to treat peak design flow of 150 MLD (3xAverage wastewater flow of 50
MLD) of wastewater to remove got particles upto a size of 0.15 mm and of specific gravity of
2.65. The minimum temperature is 15°C. The grit chamber is equipped with proportional flow
weir as control device.

2 SOLUTION
2.1 COMPUTATION OFSETTLING VELOCITY
Applying Stoke’s Law,
2
v, = % (s, - 1)dT
Given S =2.65,d = 0.15x10° m

v=1.14x10"° m?/s at15°C

3\
V. :1'—8><(2.65—1)>< (0'15X10 =0.018 m/s

9.81
* 1.14x107
Check for Reynold’s Number, R
_V,d 0.018x0.15x10°°
v 1.14x107°

Hence Stoke’s law does not apply

R =2.37>05

Applying Transitions Law for 0.5 <R < 103
v, =[o.707(s, ~1)aev 0 ™
0.714
= [0-707 x(2.65-1)x (0.15x10° J* x (1.14x10°¢ )*O-GJ

=0.0168 m/s
2.2 COMPUTATION OF SURFACE OVERFLOW RATE, SOR

The surface overflow rate for 100% removal efficiency in an ideal grit chamber
= Settling velocity of the minimum size of particle to be removed
=0.168 m/s
= 1451.5 m*/m’d

However, due to turbulence and short circuiting due to several factors as eddy, wind and density
currents, the actual value to be adopted has to be reduced taking into account the performance of
the basin and the desired efficiency of the particles removal. To determine the actual overflow
rate, the following formula may be used.

1

n
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where,

n
n

efficiency of removal of desired particles

measure of settling basin performance

1/8 for very good performance

Assumingn =0.75,n = 1/8

Q__ Vi
4 Q-n)"-1
1451.5x(1/8)

_ _ 3, 2
—(1_0.75)_(1,8)_1—959m Im°ld

2.3 DETERMINATION OF THE DIMENSIONS OF GRIT CHAMBER
Y

Plan area of grit chamber = ——
(0/4)
_150x10°

959

Provide 4 channels of 2.5 m wide and 16 m long.

=156.4 m?

The critical displacement velocity to initiate re-suspension of grit is given by

8K 05
V. =|22(s, ~1)ed
C{fm >g}

for K =0.04, f=0.03, Ss = 2.65, d = 0.15x10-3 m
V. =0.161m/s

The horizontal velocity of flow V,, should be kept less than critical displacement velocity, V..
Assuming a depth of 1.1 m,
1.736

=——" " =0.158m/s<0.161ml/s OK
1.1x4x2.5

h

The hydraulic residence time at peak flow is

Volume _ 4x25x16x1.1
Peak discharge 1.736

HRT = =101.38 seconds

Total depth of grit chamber = Water depth + free board + grit storage space
=1.1+025+0.25=16m

Provide 4 channels of grit chamber, each 16m x 2.5m x1.6m

2.4 DESIGN OF PROPORTIONAL FLOW WEIR

There will be four proportional flow weirs, each installed at the control section of each of the
four grit chambers.

Peak flow for each weir = (1.736 / 4) = 0.434 m’/s

Flow through a proportional flow weir is givers by

o]
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For symmetrical sharp-edged weir, C = 0.61
Assuming, a = 35 mm (usually between 25-50 mm)

h = 1.1m at peak flow

0.434=0.61xbh+/2x0.035x9.81 x {1.1— (#H

1165 b=079 say 0.80m

To determine the coordinates (X, y) of the curve forming the edge of the weir, assume suitable
four values of y and compute corresponding values of x using equation,

xzé{l—gtan1 1—1}
2 i a

The coordinates for proportional flow weir are listed below:

1170 SI. No. y, m X, m
1. a=0.035 0.400
2. 10a=0.35 0.082
3. 20a=0.70 0.057
4, 30a=1.05 0.047

1175 5. 40a =1.40 0.040
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BY NEERI

APPENDICES

DETENTION TIMES OF CLARIFIERS IN STPS EVALUATED

Detention Times of Clarifiers in STPS Evaluated by NEERI as of 1994

Name of STP Qin Numbers Diameter SWD HRT Numbers Diameter SWD HRT

MLD m m hrs m m hrs

K&C Valley 163 3 39.6 3.04 1.65 3 46.5 3.6 2.70
1 39 3.6 0.63 3.33
Atladara 27 1 45.7 25 3.64 1 35 25 214 214
Hoowrah 45 2 38.1 3 3.65 2 38.1 3 3.65 3.65

Mahati 135 4 22.86 3.14 0.92 2 40 3.2 1.43
2 45 35 1.98 3.41
Jaspur 20 1 39.6 24 3.55 1 335 24 254 254
Kodungaiyur I 90 2 40 3 2.01 2 416 3 217 217
Koyambedu 34 2 36.6 2.74 407 2 335 244 303 303
Nesapakkam 23 2 212 24 1.77 2 244 3.1 3.02 3.02
Kalyani 10.8 1 236 42 408 1 283 1.6 224 224
Rithala 180 4 40 3.12 209 4 427 42 3.21 3.21
Kishopur 180 4 40 3 2.01 4 48 3.6 347 347
BHU 8 2 146 3 3.01 2 16 35 4.22 4.22
Maximum 420 422
|Minimum 2.40 214
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1180 APPENDIX 54 ILLUSTRATIVE DESIGN OF CONVENTIONAL ASP
AERATION

Copy column A in your excel, Then copy column C in your excel, Then enter each cell of
column C by prefixing = sign in column B
Then enter your inputs in column B, Then copy column B and paste in column D, Then enter
the winter temparature in cell D6

Plant design flow, MLD 50 Enter 50
Elevation of site above MSL, m 30 Enter 30
Operating temparature in deg C 30 Enter 20
Primary clarifier effluent BOD, 230 Enter 230
mg/l
Thickener overflow return as 0.15 Enter 0.15
fraction of plant flow
Thickener overflow return, MLD 7.5 B4*B8 7.5
Thickener overflow return BOD, 500 Enter 500
mg/l
Centrate from sludge dewatering 0.006 Enter 0.006
as fraction of plant flow
Centrate from sludge dewatering 0.3 B4*B11 0.3
return, MLD
Centrate from sludge dewatering 380 Enter 380
return BOD, mg/I
Influent BOD to aeration tank, 266 | ((B4*B7)+(B9*B10)+(B12*B13))/(B4+B9+B12) | 266
mg/l
Effluent BOD 20 Enter 20
Weighted BOD to be removed in 246 B14-B15 246
the aeration tank, mg/I
MLSS 3000 Enter 3000
F: M 0.35 Enter 0.35
F 14208 B16*(B4+B9+B12) 14208

40594 B19/B18 40594
Aeration tank volume calculated 13531 (B20/B17)*1000 13531
from F/M, cum
Mean Cell Residence Time, 3 From Fig 5-35 in Chapter-5 5
Theta C, days
Constant Y 0.500 Fixed value 0.500
constant Kd 0.060 Fixed value 0.060
Aeration tank volume calculated 5208 B23*B4*1000*B16*B22/(1+B24*B22)/B17 7879
from Theta, cum
HRT for average flow as per 5 4 to 6 in Table 5-12 in Chapter 5 5
CPHEEDO, hrs
Aeration tank volume calculated 10417 B4*1000*B26/24 10417
from HRT, cum
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Maximum of the three volumes 13531 Max(B21,B25,B27,D21,D25,D27) 13531
of aeration tank, cum

liquid depth, m (restrict to max of | 5.50 Enter 5.50
6.5 m if air cooled)

BOD removed in aeration tank, 14208 (B4+B9+B12)*B16 14208
kg/day

Kg oxygen / Kg of BOD removed 0.9 0.8t0 1.0 in Table 5-12 in Chapter 5 0.9
Kg of Oxygen needed per day 12787 B30*B31 12787
Residual D. O. in aeration 2.0 Fixed value 2.0
If surface aerators are used 5412.4

Alpha value 0.83 0.8 to 0.85 as in Equation 5-31 in Chapter 5 0.83
Beta value 0.95 As in clause 5.10.1.6.5.3 0.95
D O at operating temparature 7.43 14.42+(0.003*B6*B6)-(0.323*B6) 9.16
D O at operating elevation 7.41 (1-(B5/152)*0.017)*B38 9.13
Oxygen tension, mg/I 5.03 (B39*B37)-B33 6.67
Oxygen gradient, mg/I 0.55 B40/9.17 0.73
Temparature difference 10.0 B6-20 0.0
Temparature Co-efficient 1.03 Fixed Value 1.03
Temparature correction factor 1.3 Power(B43,B42) 1.0
Conversion factor to standard 0.61 B41*B36*B44 0.60
conditions

Oxygen needed under standard 20879 B32/B45 21172
conditions, kg / day

Provide factor of safety for 1.1 11
intangibles

Oxygen needed after factor of 22967 B45*B46 23289
safety , kg/day

Oxygen transfer capacity of 1.8 1.2t02.4 inclause 5.10.1.6.5.3 1.8
aerator Kg/Kwhr

Kw of aerator needed 532 B47/24/B48 539
If diffused aeration is used

Factor for temperature power 3 0.027 POWER(B6,3)/(POWER(10,6)) 0.008
Factor for temperature power 2 0.001 (POWER(BS6,2)/(POWER(10,5))/7) 0.001
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Factor for temperature power 1 0.090 0.003*B6 0.060
Density of air at operating 1.221 1.285+B52-B53-B54 1.232
temparature

Content of oxygen in air 0.23 Fixed value 0.23
Kg of oxygen needed for residual 100 B4*B33 100
D O per day

Total kg of oxygen needed per 12887 B32+B57 12887
day

Air needed in cum / day 45505 B58/B55/B56 45072
Transfer efficiency of diffuser 0.05 Fixed 0.05
system per m depth (*)

Transfer efficiency at design 0.28 B28*B60 0.28
depth

diffuser fouling factor per year 0.04 Enter 0.04
Diffuser life cycle, years 3.00 3.00
Diffuser fouling factor for its life 1.12 1.12
cycle

Provide factor of safety for 1.10 1.10
intangibles

Airneeded for oxygenetation in | 204747 B59/B61 163899
cum / day

Airneeded for oxygenetation in | 8531 B62/24 6829
cum / hour

Air mixing criteria cum /minute / 16 As in clause 5.10.1.6.5.6 16
1000 cum of tank

Air needed for mixing as per 12990 B25*B64*60/1000 12990
manual cum/ hr

Air needed for mixing as per 2.7 1.8 to 2.7 as per US EPA, 625/8-85/0100, p 38 2.7
manual in cum/ hr

Surface area of aeration tank, sqm | 2460 2460
Air needed for mixing as per US 6643 6643
EPA guidelines in cum/ hr

Maximum of air needed for 12990 MAX(B69:B72) 12990
mixing in cum/ hr

Air needed as higher of 12990 MAX(B67,B69) 12990
oxygenation and mixing cum/ hr

Air needed as under standard 21210 B75/B45 21508
conditions, cum/ hr

Friction and other losses as 0.2 Enter by Designer 0.2
fraction of depth

Liquid depth as water column for 6.6 B29*(1+B75) 6.6
air pressure

Kw of needed compressor at 486.6 0.746*((0.03*B76)+16) 493.3

1400 rpm

For DPR purpose, equation for Compressor Kw at 1400 rpm for 7 m water column can be taken

as BHP = 0.03*(cum / hr)+16

For DPR purpose, equation for Compressor Kw at 1400 rpm for 6 m water column can be taken

as BHP = 0.025*(cum/ hr)+13
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For DPR purpose, equation for Compressor Kw at 1400 rpm for 5 m water column can be taken
as BHP = 0.02*(cum/ hr)+14

Sludge Flows

Y obs 0.42 YObs=Y/(1+Kd*ThetaC) 0.38
Excess Sludge mass wasted 5208 Yobs*B16 4727
Kg/day

Kgd of excess sludge / Kg of 0.40 0.35t0 0.5 as per clause 5.10.1.6.5.10 0.40
BOD removed

Kg of excess sludge from thumb 4916 B4*B16*B87 4916
rule per day

Excess sludge as higher of the 5208 MAX(B86,B88, D86, D88) 5208
two values, Kg/ day

Concentration factor for MLSS in 3.3 Enter by Designer 3
return / excess sludge

Return / excess sludge MLSS 9900 B17*B90 9900
concentration, mg/l

Cells in aeration, kg 40594 B17*B28/1000 40594
Cells wasting from system kg / 5208 B89 5208
day

Volume of excess sludge, cum/ 526 B93*1000000/B91/1000 526
day

Resulting Theta C 7.8 B92/B93 7.8
Least Theta C in design 3.0 MIN(B22,D22) 5.0
Volume of excess sludge for least | 1367 B94*B95/B96 820
Theta C

Excess sludge pump set duty as 1367 MAX(B94,B97) 1367
cum / day

Recirculation ratio 0.8 0.251t0 0.8 as per Table 5.12 0.8
Return sludge pumpset duty as 40 40
MLD

Motors of both the return sludge and excess sludge pump sets will be provided with VFD to
downsize actual pumpage as needed
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APPENDIX 5.5 DESIGN EXAMPLE OF FACULTATIVE AERATED LAGOON
1 PROBLEM

Design a facultative aerated lagoon to serve 40,000 people. Sewage flow @ 180 Ipcd = 7200
cum/day, Raw BODs = 50 gcd or 277 mg/l and final BODs is not to exceed 30 mg/l in winter.
Average ambient air temperature in January is 18°C and in summer 37°C.

2 SOLUTION
2.1 LAGOONSIZE

Assume detention time = 5 days
Lagoon volume = 7,200x5 = 36,000 cum.
Let Lagoon dimensions be 70 mx130 mx4 m deep

2.2 LAGOONWINTER TEMPERATURE
Use Eq. (5.34) to determine T.. Assume T; = 23°C
Hence,

Sdays (23-1,)
4m  0.49(T, -18)

Hence, T, = 21°C

2.3 ESTIMATION OFK

Assume K at 20°C = 0.7 per day

Hence, K at 21°C = 0.7x1.035 = 0.724/day,
2.4 D/ULESTIMATION

Keep lagoon geometry such that flow conditions are plug-flow type (i.e. D/UL = 0.2 approx.).
This will be possible if a long and narrow lagoon (23 mx390 m) is provided (see Table 5.14) or
baffles are provided within the rectangular lagoon of 70 mx130 m to give a winding flow with
the same effect. (See Figure5.39).

2.5 BOD5 REMOVAL EFFICIENCY (IN WINTER)

Kx© =0.724x5 = 3.62

See Figure (5.38) at Kx© = 3.62 and D/UL = 0.2
Soluble BOD removal efficiency = 92%
Namely, soluble BOD in effluent = 22 mgl/l

SS likely to flow out in effluent = 35 mg/l (say)
BOD of VSS = 0.77%(0.6x35) = 16 mg/l
Hence, BOD of effluent=22+16 = 38 mg/l

Overall efficiency in winter = 86%

In other months of the year, the efficiency will be higher and effluent BOD will be less than the
above value.

2.6 POWER REQUIREMENT
When efficiency

86% and all BOD is removed aerobically,
0.86 (1.4x2000 kg/d)
Final Draft A-91
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= 2,408 kg/d = 100kg/hr
Power needed 100kg /hr
0.8x 2kgO, 1 kWh
= 62.5kW (i.e. about 80 HP)
Power level in Lagoon = —GZ'SkW <1,000
36,000
= 1.7 W/cum (acceptable)
2.7 LAND REQUIREMENT
Net lagoonarea = 9,000 sgm
Area including embankments and slopes = 13,500 sgm (approximately)
Area/person = 0.337 sqgm/person
NOTE)

If the lagoon was kept as a square shaped unit or a rectangular unit with say W:L = 1:2, the
D/UL value would have been between 3.0 and 4.0 (namely, approaching completely - mixed
conditions) and soluble effluent BOD would have increased to 49 mg/l, thus giving a total final
effluent of about 65 mg/l instead of 38 mg/l seen above. Thus, lagoon geometry plays an
important part in determining efficiency.
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APPENDIX 5.6 DESIGN EXAMPLE OF FACULTATIVE STABILIZATION
POND

1 PROBLEM

Design a facultative stabilization pond to treat 5,000 m*d municipal wastewater, BODs 230
mg/I from a town (population 25,000 persons) located in Central India, latitude 22°N, elevation
100 m above sea level. The average temperature in January is 18°C. The effluent from the pond
is to be used for irrigation.

2 SOLUTION
2.1 POND SIZE

Permissible organic load according to temperature correlation =20x18-120
240 kg BOD/ha/d

235/(1 + 0.003x1)
=180 kg BOD/ha/d

Permissible organic load according to latitude and elevation

Adopt a conservative loading rate of 200 kg BOD/ha/d

BOD load from the town =5,000x0.23 = 1,150 kg/d

Therefore pond area =1,150/200 = 5.75 ha

Adopt an average depth of 1.5 m

Therefore pond detention time = 5.75x10"x1.5/5,000
=17.25d

Provide three ponds of equal volume and surface area; two primary ponds in parallel and one
secondary pond in series receiving the effluent of the two primary ponds. Use of multiple ponds
improves performance from viewpoints of stability, efficiency of treatment and maintenance.
However, it requires greater land area for the same pond surface area.

2.2 CHECK FOR DETENTION TIME

For 90% BOD reduction, the BOD reaction rate constant = 0.2/d for plug flow condition.
The total overall detention time, ©, is given by:

0.1=exp-0.2(2x0/3+6©/3), or©=115d

For a conservative estimate, for completely mixed condition in all three ponds, the total overall
detention time is given by:

0.1 = 1/(1+0.2x26/3) (1 + 0.2x6/3), or©=22.5d

In actual conditions, the hydraulic regime in the ponds is going to be between the two ideal
conditions of plug flow and completely mixed flow. The detention time of 17.25 d is therefore
acceptable.

2.3 CHECK FOR MICROBIAL QUALITY FOR IRRIGATION

WHO guidelines recommend sewage retention in stabilization ponds for 8-10 days for irrigation
of cereal, fodder and industrial crops and trees. This assures removal of intestinal nematodes
from sewage. The design meets this requirement.

For irrigation of crops likely to be eaten uncooked, the guidelines recommend a faecal coliform
limit of 1,000 organisms/100 ml. For microbial reduction rate constant of 2.0/d at 20°C or 1.4 at
18°C, and influent faecal coliform concentration = 107/100 ml, the effluent concentration N is
given by
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pd
1

107/ (1+1.4x2x17.25/3) (1+1.4x17.25/3)

or,

N 64,600/100 ml

Therefore the design does not meet the criteria of irrigation water quality for crops likely to be
eaten uncooked. If two maturation ponds, each of 17.25/3 d detention time are provided in series
after the secondary pond, the effluent concentration is expected to be:

N 107/ [(1 + 1 4x2x(17.25/3)] (1+1.4x17.25/3)°
788/100 ml

The above calculations are based on assumption of complete mixing. In actual condition the
performance is likely to be better.

24 SLUDGE ACCUMULATION

Most of the sludge will accumulate in primary ponds. Assuming 0.75 m deep allowable sludge
deposition, capacity available = 0.75 x (2/3) x 5.75 x 10" = 28,750 m’. For 0.07 m*/person/year
sludge accumulation rate,

Desludging frequency = 28,750/(0.07 x 25,000) = 16 years.

Because of non-uniform deposition of sludge, a desludging frequency of once in 10 years is
recommended.
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APPENDIX 5.7 DESIGN EXAMPLE FOR UPFLOW ANAEROBIC SLUDGE
1300 BLANKET REACTOR

1 PROBLEM
Design an upflow sludge blanket reactor for an average flow of 5 MLD of wastewater with the
following data:

1. COD of wastewater = 400 mg/I
1305 2. Design hydraulic residence time = 6 hrs
3. Design COD loading = 1-2 kg COD/md
4. Velocity of rise of wastewater in the reactor through sludge bed = 0.75 m/hr
5. Velocity of wastewater in settling chamber = < 1.5mhr
6. Flow area covered by each inlet = 1-2m’
1310 2 SOLUTION

2.1 DETERMINE THE DIMENSIONS OF UASBR

Volume of UASBR =5,000 x (6/24) = 1,250 m®

Actual volumetric organic loading = [(5%400)/1,250] kg COD/m’d

= 1.6 [OK as it is between 1-2 kg COD/m’d]

1315  Height of wastewater in reactor = Rise velocityxHRT
=0.75%6= 45m
Area of Reactor = [1250/4.5] = 277.8 nt

Provide two reactors of 11.8 mx11.8 mx5.25 m (height)
2.2 NO.OFINLETS
1320  Assume that each inlet can serve 2.0 m? of flow area
Number of inlets in each reactor = [138.9/2] = 70
2.3 AREAOFSETTLING CHAMBER
Assuming a velocity of 1.2 m/hr in the settling zone
Area of settling chamber in each reactor = [5,000/(2x24x1.2)] = 86.8 n?
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APPENDIX 5.8 DESIGN EXAMPLE FOR ANAEROBIC FILTER
1 PROBLEM

Design anaerobic filters to treat an average flow of 5 MLD of wastewater with the following
assumptions:

1. COD of the wastewater = 400 mg/l
2. Design COD Loading = 1.0 kg COD/m’d
3. Depth of media = 1.2m

2 SOLUTION
2.1 DIMENSIONS OF ANAEROBIC FILTER

Total COD load =5x400 = 2,000 kg COD/d
Volume of anaerobic filters for media = [2,000/1.0] = 2,000 m®
Plan Area of filters=[2,000/1.2] = 1,666.7 m’

Provide two filters of diameter 32.6 m and height 1.5 m including free board and bottom zone
for dispersion of wastewater and supporting media.

2.2 HRT FOR FILTERS
HRT =[2,000/5,000] d
=9.6 hrs
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APPENDIX 59 MINIMUM LABORATORY EQUIPMENTS NEEDED FOR

TESTS
Table 9

Equipment Type of Plant

SMLD >5 MLD

Analytical Balance X X

Autoclave

Centrifuge

Chlorine comparator X

Colony counters

Demineraliser

Dissolved Oxygen sampler

Drying oven (hot air)

XXX [X

Fume cupboards

Gas liquid chromatograph

Hot plates

x

Incubator 20°C (BOD) X

Incubator 30°C (Bacteriological)

Kjeldahl Digester Unit X

Magnetic stirrers X

XXX XX XXX [X|X|X[X|X|X|X

Microscope, binocular with oil immersion and movable stage
counting cell

Membrane Filter Assembly

Muffle Furnace X

Orsat or equivalent gas analysis apparatus

pH comparator (Colorimetric) X

pH meter with reference & spare electrodes

pH meter portable X

Refrigerator X

Sedwick Rafter funnel

Sludge sampler

Soxhlet extraction unit

Spectrophotometer (atomic absorption)

XX XXX XXX [X]|X|[X[X

Spectrophotometer with or without U-V rage or photo electric
colorimeter

Total organic carbon analyser

Turbidimeter X

Vacuum pump

x

XX [ XX

Water bath (thermostat controlled) X
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1345 APPENDIX 5.10 TESTS RECOMMENDED TO BE CARRIED OUT ON UNITS OF SEWAGE TREATMENT PLANTS

Mixed
Total . Liqueur Svi - Total
. leabl Dissol - L \olatil .
Treatment stage/Unit Suspended Sett e_ab € 1550 ved Suspended for Turbidity pH Alkalinity o a}t' & BOD COD DO ORP Kjeldahl
. Solids Solids . Acids :
Solids Solids (ML ML Nitrogen
SS)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Raw sewage X X X X X X X X
Primary  sedimentation  tanks
2 X X X

influent and effluent
Attached/fluidized/immobilized
media influent & effluent
Activated sludge aeration tank

4 influent & effluent X X X X

5 Above tank contents X X

6 Effluent of secondary settling tank X X X X X X X

7 Influent & effluent of septic tanks X X X X X

8 Above tank contents X X X

9 Digester contents X X X

10  Primary sludge

11 Secondary settled sludge

12 Digested sludge X X X

13 Sludge digester supernatant X X X X X X X
Stabilization ponds influent &

14 X X X X X
effluent

15  Above pond contents X X X X
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1350 APPENDIX 6.1 ILLUSTRATIVE COMPUTATION OF SLUDGE WEIGHTS
AND VOLUMES FROM ASP

A B C D
1 Appendix 6.1
2 Illustrative Computation of Sludge weights and volumes from ASP
3 Raw sewage flow in MLD Enter 10
4 Raw sewage BOD in mg/Il Enter 250
5 Raw sewage SS in mg/I Enter 400
6 Raw sewage VSS in percent Enter 60
7 Raw sewage ISS in percent 100-D6 40
8 Secondary clarifier effluent BOD in Enter 10

mg/|
9 Consider Primary Clarifier alone
10 | BOD removal in percent Enter 30
11 | Effluent BOD in mg/l D4*(100-D10)/100 175
12 | ISS removal in percent Enter 90
13 | VSS removal in percent Enter 93
14 | TSS removal in percent ((((D6/100)*(D13/100))+((D7/1 92
00)*(D12/100)))/((D6/100)+(D7
/100)))*100
15 | VSS removed in kg / day D3*D5*D6*D13/100/100 2232
16 | ISS removed in Kg/ day D3*D5*D7*D12/100/100 1440
17 | TSSremoved in Kg/ day SUM(D15:D16) 3672
18 | % solids in primary sludge Enter 4
19 | Specific gravity of primary sludge Enter 1
20 | Sludge removed in Kld D17*100/D18/D19/1000 91.8
21 | BOD removed in Kg/ day D3*D4*D10/100 750
22 | Kg VSS/KgBOD removed D15/D21 3.0
23 | Kg ISS/ Kg BOD removed D16/D21 1.9
24 | Kg TSS/ Kg BOD removed D17/D21 4.9
25 | ISS carry over in kg / day (D3*D5*D7/100)-D16 160
26 Consider conventional secondary stage alone
27 | Clarifier effluent BOD in mg/I Enter 10
28 | Secondary clarifier VSS in percent Enter 85
29 | Secondary clarifier ISS in percent 100-D28 15
30 | Aeration kd in per day Enter 0.06
31 | Aeration Y Enter 0.5
32 | Aeration SRT in days Enter 5
33 | Kg VSS/Kg BOD removed, Y D31/(1+(D30)*(D32)) 0.38
observed = Y/(1+ (kd)*( SRT))
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34 | BOD removed in kg / day D3*(D11-D27) 1650
35 | Kg VSS removed per day D33*D34 635
36 | SSremoved in kg / day D35*100/D28 747
37 | Inert sludge carry over in kg/day (D3*D5*D7/100) 1600
38 | Kg TSS carried over per day SUM(D36:D37) 2347
39 | % solids in sludge Enter 0.75
40 | Specific gravity Enter 1.00
41 | Sludge removed in Kid D38*100/D39/D40/1000 313
42 | Kg VSS/Kg BOD removed D35/D34 0.4
43 | Kg TSS/ Kg BOD removed D38/D34 1.42
44 Consider extended aeration alone
45 | Clarifier effluent BOD in mg/I Enter 10
46 | Aeration kd in per day Enter 0.06
47 | Aeration Y Enter 0.5
48 | Aeration SRT in days Enter 15
49 | Kg VSS/Kg BOD removed, Y D47/(1+(D46)*(D48)) 0.26
observed = Y/(1+ (kd)*( SRT))
50 | BOD removed in kg / day D3*(D4-D45) 2400
51 | Kg VSS removed per day D49*D50 632
52 | Inert sludge carry over in kg/day D3*D5*(D7)/100 1600
53 | Kg TSS removed per day SUM(D51:D52) 2232
54 | % solids in sludge Enter 0.75
55 | Specific gravity Enter 1.00
56 | Sludge removed in Kld D53*100/D54/D55/1000 298
57 | Kg VSS/Kg BOD removed D51/D50 0.26
58 | Kg TSS/ Kg BOD removed D53/D50 0.93
59
60 Rule of Thumb for Design Purposes for parameters as above.
61 For other parameters please rework in the M S excel
62 | Kg Sludge / Kg BOD removed
63 | Process as VSS as TSS
64 | Primary alone 2.98 4.90
65 | Primary and secondary as 1.19 1.84
conventional ASP
66 | Extended aeration ASP 0.26 0.93
67
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APPENDIX 6.2 DESIGN EXAMPLE OF GENERATED SLUDGE
1355  Calculation example of Figure 6.1.
1) Set influent solid as 100 and Design sludge generation, D as 90.

2) Assume solids recovery rate or reduction rate of each treatment stage as under.

Solids recovery rate, etc. Figure 6.1, a Figure 6.1, b
Solid recovery rate in Thickening, y; 90 % 90 %
Solid reduction rate in Digestion, y, - 40 %
Solid recovery rate in Dewatering, Y3 95 % 90 %
Coagulant dosing rate in Dewatering, Yy, 0.8 % 1.0 %
Solid reduction rate in Incineration, ys 70 % -
Solid recovery rate in Incineration, ys 80 % -

3) In case of Figure 6.1, a

Solid of return flow from sludge treatment facilities, R, is calculated as under assuming all
1360 solids are returned to the sludge treatment facilities.

R=(D+R){(1-y1) +ya(L +ya)(L - y3)* ya(L + Ya) Y3 (1 - y5)(L - Vo)
= (90 +R) {(1-0.9) +0.9(1 + 0.008)(1 — 0.95)+ 0.9(1 + 0.008) 0.95 (1 - 0.7)(1 - 0.8)
= (90 + R) x 0.197
© R=221
1365 Calculation of Solid in each treatment stage
Thickener: X;=D+R=90+22.1=112.1
Centrifugal dewatering machine: X, = X;x y;=112.1x0.9 = 100.9
Coagulant dosing: C = X, x y,=100.9 x 0.008 = 0.8
Incinerator: X3 = X;x (1 +v,) x y3=100.9 x (1+0.008) x 0.95 = 96.6
1370 Solid reduction in Incinerator: G = X3 x ys=96.6 x 0.7 =67.6
Incineration ash: X, = (X5 - G) x ys= (96.6 - 67.6) x 0.8 = 23.2
4) In case of Figure 6.1, b

Solid of return flow from sludge treatment facilities, R, is calculated as under assuming all
solids are returned to the sludge treatment facilities as in case of Figure 6.1, a.

1375 R=(D+R){(1-vy1) +ya(1 +ya)(L - y3)*+ ya(L + Ya) Y3 (1 - V5)(L - Vo)
= (90 +R) {(1-0.9) +0.9(1 + 0.008)(1 — 0.95)+ 0.9(1 + 0.008) 0.95 (1 - 0.7)(1 - 0.8)
= (90 + R) x 0.197
© R=221
Calculation of Solid in each treatment stage
1380 Thickener: X;=D+R=90+221=1121
Centrifugal dewatering machine: X, = X;x y; =112.1x0.9 = 100.9
Coagulant dosing: C = X, x y,=100.9 x 0.008 = 0.8
Incinerator: X5 = X, x (1 +y,) x y3=100.9 x (1+0.008) x 0.95 = 96.6
Solid reduction in Incinerator: G = X3x ys= 96.6 x 0.7 = 67.6
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1385 Incineration ash: X, = (X3 - G) x ys= (96.6 - 67.6) x 0.8 = 23.2
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APPENDIX 6.3 DESIGN EXAMPLE OF SLUDGE DIGESTERS

Design low rate and high rate digesters for digesting mixed primary and activated sludge from a
50,000 m*/day capacity activated sludge Wastewater Treatment Plant.

1

a)
b)

c)

d)

e)
f)

9)
h)

i)

)

K)

9)

h)

GIVEN

Raw effluent suspended solids (SS) concentration = 400 mg/I

SS removal efficiency in the primary sedimentation tank =75%
Therefore, quantity of primary sludge generated

(0.4 kg/m® x 50,000 m*/day x 0.75) = 15,000 kg/day
At 4% consistency or 40 kg/m® SS concentration,

primary sludge volume (15,000 kg/day + 40 kg/m®) = 375 m*/day
The excess activated sludge generated = 2,630 kg/day
At 1% consistency or SS concentration of 10 kg/m® the excess

activated sludge volume (2,630 kg/day + 10 kg/m®) = 263 m*/day
Total volume of the raw mixed sludge (375 + 263) = 638 m*/day
Total quantity of the raw mixed sludge (15,000 + 2,630) = 17,630 kg/day
SS concentration of the raw mixed sludge

(17,630 kg/day + 638 m*/day) =27.6 kg/ m*
The approximate percentage of volatile matters (VM)

in the mixed sludge =70 %
Quantity of VM in the raw mixed sludge (0.7 x 17,630) = 12,341 kg/day
Quantity of Non-VM or inorganic (0.3 x 17,630) = 5,289 kg/day

* 1% consistency = 10,000 mg/I = 10 kg/m®
LOW RATE DIGESTER
Approximate percentage destruction of VM

(design value) = 50%

For achieving 50 % VM destruction, under mesophilic

conditions, the HRT required (from Figure.6.5) = 40 day
Quantity of VM in the digested sludge (0.5 x 12,341) = 6,170 kg/day
Quantity of nonvolatile matters or inorganic matters

in the digested sludge = 5,289 kg/day
Total quantity of solids in the digested sludge

(6,170 + 5,289) = 11,459 kg/day
Percentage of VM in the digested sludge

(6,170 + 11,459) =53.80 %
Percentage of inorganic matter in the digested sludge

(5,289 + 11,459) =46.20 %

Depending on the frequency of sludge withdrawal the consistency of the digested sludge
withdrawn from the low rate digester is expected to be in the range of 4 - 6 %.

For an average consistency of 5 % (or 50 kg/ m®),
the volume of digested sludge (11,459 + 50) = 229 m*/day
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)

Therefore the volume of digester
V= [Vi=2/3 (Vi- Vo] Ty
= [638 — 2/3 (638 — 229)] x 40
= 14,624 m’
Check for volatile solids loading rate kg VSS/day/m®
= 12,341 + 14,624 = 0.84 kg VSS/day/n’
(The VSS loading is within the permissible range - 0.6 to 1.6 kg VSS/day/n°)
GAS GENERATION
Gas production per kg of VM destroyed =09m’
Total gas generation (0.9m*/kg VM x 6,170 kg VM/day) =6,039 m’

To avoid foaming, the minimum surface area required
to meet the condition - 9 m® of gas generated per
day per m’ surface area, will be (6,039 + 91) =617 m

For operational flexibility and constructional reasons, it is suggested to install two
digesters of the following dimensions.

Volume of each digester (14,624 m® + 2) =7312m°
Minimum surface area of each digester (617 m’ + 2) =309 m?

Choosing the digester shape as a low, vertical cylinder and for
a diameter of 34 m, the surface area of each digester will be =908 m’

Therefore the effective digester depth will be
(7,312 m* + 908 ") =8.0m

ADDITIONAL VOLUME
Volume for sludge storage during the monsoon period —when the

sludge drying bed option is used for sludge dewatering =Vd x T2
For a storage period of 12 days (229 m*/day x 12 days) =2,748 m’
Equivalent to 2,748 m® + 908 nt =3.0m
Additional allowance for grit and scum Accumulation =0.6m
Free board =0.6m
Therefore total additional depth =4.2m

\ Two digesters — each of 34 mdiameters & 12.2 m depth ]
HIGH RATE DIGESTERS
For a sludge temperature of 20°C, the Solids Retention Time

(SRT) required for 50% VSS destruction (refer Figure 6.5) = 20 days
Therefore the digester volume will be =638 x 20
(Volume of fresh sludge x Retention time) =12,760 m’
Choosing two digesters, the capacity of each digester will be:

Volume (12,760 m® + 2) = 6,380 m*
Choosing a diameter of 27 m, the effective depth will be =112m
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f) Additional allowance for grit accumulation =05m
0) Free board =0.6m
h)  Total additional depth =11m

| Two digesters of 27 m diameter and 12.3 mdepth |

Additional, separate sludge holding facility for storage during monsoon period (when sludge
drying bed option is used for dewatering) is to be computed as before.

Gas collector

Flame arrester
Pressure vacuum relief—_
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Digested sludge to Drying bed
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Figure 18
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APPENDIX 6.4 DESIGN EXAMPLE OF SLUDGE DRYING BEDS
1 PROBLEM STATEMENT

Design sludge drying beds tor digested sludge obtained from low rate anaerobic digesters for
digesting a mixture of primary and excess activated sludge. The capacity of activated sludge
plant is 50,000 m*/d and following data is assumed:

i) Volume of digested sludge = 229 m*/day
(Refer to design example on
low rate anaerobic digester

in Appendix 6.3)
i) Dewatering, drying and sludge
removal cycle =10d
iii) Depth of application of sludge =0.3m
2 SOLUTION
i)  Total plan area of sludge drying = 222 210 m’
= 7,633 n’
i)  Number of beds is assumed to be =30
Plan area of each bad % = 254.43
iii) If per capita wastewater flow is assumed as 150 Ipcd
3
Contributory design population = % = 3,33,333
Plan area of sludge drying bed = 7,633 + 3,33,333 = 0.023 m?/capita
Sludge Sludge Channel Sand
- T -
G T T T T T]
19k .
I
E
=) )
Open jointed pipes Slope
SECTION

Figure 19 Typical details of sludge drying bed
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APPENDIX 7.1 CASE STUDIES IN RECYCLING AND REUSE OF SEWAGE

A complete documentation of all the technologies, design basis and engineering practices will
be not only voluminous but also not directly applicable in every other place and as such, only
the key issues are brought out here and a reference is available in the end for a detailed learning
of these comprehensively. The case studies are arranged in the following seriatim:

1. Agriculture

Farm Forestry
Horticulture

Toilet flushing

Industrial and commercial
Fish culture

Groundwater recharge

© N o g bk~ w0 DN

Indirect recharge of impoundments
1 AGRICULTURE

The risk in using inadequately treated sewage in agriculture in general poses the health hazards
as enunciated by the WHO and extracted hereunder.

Health risk from use of sewage for agriculture

Type of pathogen / infection Relative excess of frequency of infection or disease
Intestinal nematode infections

(Ascaris lumbricoidus, Trichuns High

trichiura, hookworm)

Bacterial infections

Bacterial diarrheas Lower

(e.g. cholera, typhoid)

Viruses
Viral diarrheas Lowest
Hepatitis A

Source: World Health Organization 1989

These infections can virtually reduce the effective man days by as much as even 50 % especially
in rural habitations where neither prophylaxis not cure is easily accessible and if at all,
financially in out of reach unless subsidized. It is not that sewage cannot be used at all. It only
requires appropriate treatment. The reported specific experiences are hereunder.

1.1 ISRAEL

There are approximately 200 numbers of deep surface reservoirs in operation throughout the
country with a total storage capacity of 150 Mm?® that are used to store treated sewage during the
winter season and the water is then used during the summer season for irrigation crops and
animal fodder thus reusing nearly 70% of the treated sewage which equates to nearly 400 Mm®
per year. The Dan Region reuse system serves the Tel Aviv metropolitan area treats 120
Mm?®/year of Tel Aviv sewage which is stored in recharge aquifer basins and then pumped from
recovery wells and conveyed to irrigation. The Kishon facilities treat 32 Mm®/year of sewage
from the Haifa metropolitan area and the treated sewage is conveyed beyond 30 km where it is
blended with local storm water and stored in a 12 Mm® reservoir for irrigation of 15,000 ha of
cotton and other non-edible crops. There are 3 other similar reuse projects in the Jeezrael Valley
for 8 Mm®/year, Gedera for 1.5 Mm/year and Getaot Kibbutz for 0.14 Mm®year. This
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emphasises the importance of reuse both mega and micro.
1.2 TALLAHASSEE, FLORIDA, US

The Tallahassee agricultural reuse system is a cooperative operation where the city owns and
maintains the irrigation system, while the farming service is under contract to commercial
enterprise. The reuse dates back to 1966 and until 1980, was limited to irrigation of 50 ha of
land used for hay production. Based upon success of the early studies and experience, new spray
field has been expanded to approximately 840 ha with an application rate of 8 cm per week on
the soils of 95% sand and interspersed clay layer at a 10 m depth and the field is sloping from
21m to 6m above sea level. The treated sewage meets BOD of 20 mg/l for BOD and TSS and
MPN of 200 per 100 ml for faecal Coliform and is pumped over 13 km and distributed via 16
centre-pivot irrigation units. Major crops are corn, soybeans, coastal Bermuda grass, and rye
with the rye and Bermuda grass being grazed by cattle, though some of the Bermuda grass is
harvested as hay and haylage.

1.3 AFRICA

Raw sewage farming for vegetables is used in Eritrea in Northeast Africa in an area of 124,320
km’ and a 3.5 million population set at 1,700 m above sea level with water scarcity which forces
the crudely treated sewage use for vegetables. The pathogens detected in the vegetables are
shown hereunder

Pathogen detected in vegetables grown from crudely treated sewage at Eritrea, Africa

Foecal coliform E. Coli Gricrlics

Types of Sampling No.of
vegetables grown sites sumple No. + we % + e No. + ve %% + ye No. + e

Cabbage 4 H 6 75 6 75 4 50
Lettuce 4 12 11 96.6 6 9.6 6 50
Givegetable 4 12 12 104 11 104 3 25
Tomatoes 3 9 9 100 12 100 2 2.0
Carrots 3 9 6 66.6 9 66.6 ND

Cucurhits 3 6 6 100 6 100 ND

Total 16 62

* NI indicates not detected.

Mote: Mo Salmonella was detected, Shigella was however detected in one lettuce sample.

The faecal Coliforms in the sewage used for irrigation was 4x10* to 13x10° per litre as
compared to a limit of 1,000 per 100 ml and in the vegetables it was 2x10° to 4x10° per kg.
Among the local farmers in the field, out of a sample of 75 persons, 34 had Giardia Lamblia.
But there was surprisingly no detection of round worm or hook worm, Shigella or Salmonella.
This might have been due to the combination of prophylactic methods in treading on farm soil
and drinking water sources were not affected by sewage but eating green salad as a standard
practice.

1.4 FINDINGS BY THE LONDON SCHOOL OF TROPICAL MEDICINE AND
INTERNATIONAL WATER MANAGEMENT INSTITUTE, HYDERABAD, INDIA

An evaluation of the situation at Hyderabad when the city sewage was not treated and used for
irrigation of nearly 3,100 hectares of land downstream of the discharge river course and the
quality issues are hereunder.

Effect of exposure to untreated sewage and partially treated sewage on Ascaris
Lumbricoides, Hookworm, Heavy hookworm and Trichuris Trichria infection at
Hyderabad
Water
Characteristic quality, OR*1 95%ClI P
ova/liter
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\A. lumbricoides *2

River water 0 1.0

Partially treated wastewater 12 3.2 1.2-8.6 0.02

Untreated wastewater 70 5.3 2.0-14 0.001
Hookworm*3

River water 0 1.0

Partially treated wastewater 15 0.7 0.4-1.1 0.11

Untreated wastewater 76 3.5 2.2-5.5 <0.001
Hookworm (epg > 160)*4

River water 0 1.0

Partially treated wastewater 15 0.8 03-2.2 0.65

Untreated wastewater 76 3.9 1.5-9.9 0.004
T trichiura*5

River water 0 1.0

Partially treated wastewater 0.3 0.6 02-2.5 0.53

Untreated wastewater 4 5.6 1.8-18 0.003

*1 OR = odds ratio, Cl = confidence interval: epg = eggs per gram (of feces).

*2 Controlled for age. sex. education, and household clustering,

*3 Controlled for age. education, caste, latrine presence, and household clustering.

*4 Controlled for age. sex. education, type of water supply, agricultural activities involved in. and
household clustering.

*5 Controlled for sex. education, and household clustering.

Although this study was unable to provide conclusive evidence about the validity of the current
WHO wastewater nematode guideline, the findings suggest that for A lumbricoides and T
trichiura infection, the current WHO nematode guideline of less than or equal to one ova per
litre is appropriate but that the nematode guideline of less than or equal to one per litre when
exposed to children are exposed is too strict. No increased risk of hookworm infection was
detected when wastewater with a mean concentration of 15 ova per litre was used, which would
suggest that at least for the risk of hookworm infection, the WHO nematode guideline is too
strict and that a more lenient guideline can be set if hookworm species is the predominant ova
in wastewater. However, more studies are needed to confirm this suggestion.

1.5 FINDINGS OF THE INSTITUTE OF PUBLIC HEALTH LAHORE AND
INTERNATIONAL WATER MANAGEMENT INSTITUTE, LAHORE, PAKISTAN

The study was carried out around the town of Haroonabad a small town with about 80,000
inhabitants in the southern part of the Punjab Province in Pakistan. Around this town
agricultural areas are irrigated with untreated urban wastewater for about 30 years for
vegetables sold in the city. In the middle of this main site there is a colony and most farmers live
here. There are two peri-urban settlements and all three settlements are connected with the
municipal relative reliable water supply. There is an organized system for disposal of sewage
water in a pond, either by drains or pipes or by carts. The farmers in the villages use canal or
tube well water. This provides as ideal setting for a relative evaluation of farm workers from
sewage farm and fresh water farm. The findings of incidence of diseases related to the practices
are extracted hereunder.

Prevalence of diseases by exposure to wastewater with odds ratio and 95% confidence

interval
Disease Exposed Unexposed OR 96% ClI
Diarrhea 11 7% | (23) 6.2% | (17) 2.00 1.04-3.85
Diarrtea complicated with fever 56% | (11) 1.8% | (5) 3.18 1.09-9.31
Dysentery 0.5% | (1) 0 - -
Skin problems 30% | (6) 5.8% | (16) 0.51 0.20-1.32
Nail problems 71% | (14) 2.2% | (6) 3.42 1.29-9.05
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Typhoid 0 0.7% | (2) - -
Fever/cold 11 7% | (23) 11.7% | (32) 1.00 0.57-1.77
Total number of health 197 274
questionnaires
20.0%
18.0%
16.0%
:;g: Emale farmworkers exposed
10'0% : Emale farmworkers unexposed
8:0% ] O children exposed
6.0% _ M children unexposed
4.0% A
00w ] li
0.0% T T
diarrhea diarrhea nail problems
com plicated
with fever

Prevalence of diseases in male adult farm workers and children by exposure to wastewater

The classical finding of this study was the health guidelines for faecal coliform bacteria in
wastewater from the WHO seem difficult to realize in the tropical climate of the Punjab
Province, since canal water also exceeds the guidelines regularly. However, an appropriate form
of treatment of wastewater for helminth eggs and faecal coliform bacteria before application to
the fields is highly recommended. If treatment is not possible because of the high costs, other
protective measures should be taken. Low cost interventions could include information on
hygiene behaviour for farmers, wearing of shoes and gloves while working in wastewater
irrigated fields, regular treatment of farmers and their families with anti-helminthic drugs and
crop restrictions in wastewater irrigated fields.

1.6 FINDINGS OF THE UNIVERSITY OF JERUSALEM

Though this study covers an outdated period of early 20" century, the lessons there from are
worth learning for posterity. Some the extracts from this study are shown hereunder.

Organism Excreted Survival {months)* *
load* 1i213t4)stal7i8lalrol1iiiz

Campylobacter spp. 107 E

Giardia lamibiia 10%

Entamoeba fustolytica 108

Shigeita spp. 107

Vibrio cholerae 107

Salrmanelia typhi 108

Salmonella spn. 108

Escherichia coli ipath, ) 108

Enteroviruses o7

Hepatitis A virus 1087

Ancylostema duodenale 102

Trichuris trichivra 104

Taema saginata 104

Ascaris lumbricoides 100

* Typival averzpe sumber of organismsg acves

** Estinared averape life of infeciive staee at 200C-300C

Persistence of selected enteric pathogens in water, wastewater, soil and crops
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Relationship between Ascaris-positive stool samples in the population of western Jerusalem
and supply of vegetable and salad crops irrigated with raw wastewater in
Jerusalem, 1935-1982
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Wastewater irrigation of vegetable and Ascaris prevalence in Darmstadt, Berlin and other
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Seasonal variation in typhoid fever cases in Santiago and the rest of Chile (average rates,

Intensity of parasitic infection
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in sewage farm workers and controls in various regions of
India

Their findings concluded that the WHO guidelines for crops eaten uncooked (and on pasture
land where farm animals are grazed) that an effluent must contain one or fewer helminth eggs
per litre, with a geometric mean of faecal coliforms not exceeding 1,000/100 ml can be readily
achieved with low-cost, robust stabilization pond systems which are particularly suited to
developing countries and high levels of pathogen removal can be achieved by such low-cost
systems as shown hereunder.

WHO Recommended microbiological quality guidelines for wastewater use in agriculture

Intestinal

of crops in category B
if exposure of
workers and the public
does not occur

Faecal Wastewater
(B liforms treatment expected 1
Reuse Exposed m.'m_awtlea ce N p o
Category o P (arithmetic (geometric achieve the required
conditions group . hH
mean no. of mean no. per microbiological
epps per litre) 100 miyfe quality
A I.rrigaﬁon of craps Workers, <1 < 1,000/ A series of stabilisation
likely to be eaten consumers, ponds designed to achieve
ulncooked. Sports public the microbiological qualit
fields, public indicated, or equivalent
parksfd) treatment
B Irrigation of cereal Workers =1 Mo standard Retention in stabilisation
crops, industrial recommended ponds for 8-10 days or
crops, fodder crops, equivalent helminth and
pasture and trees(e faecal coliform removal
C Localised irrigation None Not applicable Not applicable Pre-treatment as required

by the irrigation
technology, but not less
than primary sedimentatio

@) In specific cases, local epidemiological, socio-cultural and environmertal factors should be taken into account, and the guidelines modified according|

b} Asearis and Trichuris species and hookworms

¢} During the irrigation period

d) A more stringent g_uidcli ne (= 200 laecal coliforms/ 00 ml} is appropriate for public lawns, such as hotel lawns, with which the public may come into direct conta

) In the case of lruit trees, irrigation should cease two weeks before fruit is picked, and no fruit should be picked off the grownd. Sprinkler irrigation shou
not be uged
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Generalized removal curves for BOD, helminth eggs, excreted bacteria and viruses in waste
stabilization ponds at temperatures above 20°C

This study is of great relevance to India in appropriately treating the sewage of rural habitations
by such natural pond systems without complicating sophisticated treatment technologies and
ensuring the safe reuse of pond effluents for potential agriculture of non-edible crops. In 1970,
an outbreak of cholera of some 200 cases occurred in Jerusalem and investigation provided a
strong evidence that the main route of transmission was through the consumption of vegetables,
including lettuce and cucumbers illegally irrigated with untreated sewage from Jerusalem and
which villagers sold door-to-door throughout the city.

1.7 FINDINGS OF NEERI IN INDIA

A study of stool examinations of workers at five large sewage farms at Jaipur, Madras,
Hyderabad, Trivandrumand Pune in India during 1973 revealed that out of 466 samples from
sewage farm workers compared with 432 samples from a control population for the presence of
Ancylostoma duodenale (hook worm), Ascaris lumbricoidos (round worm), Trichuris trichura
(whip worm), Enterobius vermicularis (pin worm), Hymenolepis nana (dwarf tapeworm),
Entanoeba histolytica and Giardia intestinalis, the incidence and multiplicity of infection was
much greater in sewage farm workers.

1.8 GUANAJUATO RIVER BASIN, MEXICO, SEWAGE RIGHTS ISSUES

The total sewage generated in Guanajuato’s 46 municipalities is 567 MLD and could be used for
agricultural of 20,000 ha. There is little or no expected impact on the nutrient value resulting
from treatment, given that the nutrient requirements of the principal crop, alfalfa, would
continue to be met even after treatment. Additionally, other sources of untreated urban
wastewater enter the river downstream of the treatment plant, entailing sufficiently high nutrient
loads that little effect of treatment was perceptible to the farmers. The benefits from the waste
solid sludge are being lost because these go directly to a landfill instead of being spread on
agricultural land. The areas of further study are (a) the conditions required for wastewater
markets to function, specifically commercial feasibility for irrigation use of treated vs. untreated
wastewater, pricing and supply mechanisms, etc. (b) water rights conflicts, (c) hydrological
impact of selling the treated water outside the sub-basin, (d) water quality assessment of the
final use, e.g. at the farm level for irrigation and (e) accounting for the nutrients lost in the
treatment process. This is a classical case of inter basin rights of treated sewage.
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1.9 TYPHOID FEVER OUTBREAK IN SANTIAGO, CHILE

In 1978 and 1983, the outbreak of typhoid fever in Santiago has been reported due to the use of
untreated sewage for the irrigation of 13,500 ha of tomatoes, lettuce, cabbage, celery and
cauliflower that were consumed raw.

1.10 THE SULAIBIA REUSE FACILITY, KUWAIT

By far the world’s largest of its kind, this facility extends the secondary sewage treatment
beyond the conventional limits to nutrients removal, ultra filtration and reverse osmosis to a
mammoth scale of 375 MLD with provision to expand to 600 MLD and when commissioned in
2004, it won “Wastewater Project of the Year’ in the 2005 Global Water Awards and described
by the judges as a “powerful statement of the future of water resources across the whole Middle
East and North Africa region”. The agriculture and industry demands were met till then by
brackish ground water which slowly increased in its salt concentration and this project seeks to
reverse it by substituting the agriculture and industry demands and aquifer recharge as well. The
sale price for kilolitre was $ 0.60 for freshwater, 0.08 for secondary sewage and 0.15 for RO
treated sewage it being colourless, clear and sparkling.

2 FARM FORESTRY

2.1 ABUDHABI

It is extensively practiced since 1976. The system, designed for 190 MLD is a dual distribution
network for irrigation of 15,000 ha of urban forests, public gardens, trees, shrubs, and grassed
areas along roadways. Secondary treated sewage is further provided tertiary treatment with
rapid sand filtration, chlorination and ozonation. The infra-structure is painted purple and
labelled to avoid cross-connections.

22 EGYPT

Egypt exports some fruits and vegetables and hence use of treated sewage is impossible in this
segment. However, considering the barren sandy terrain, the ministry promulgates a policy of
“Treated sewage + sandy desert soil = Green Trees” and already 1,800 hectares are under
cultivation with Eucalyptus, Mahogany, African Mahogany, Terminalia, Acacia and Neem trees
with irrigation by modified flood or drip irrigation.

2.3 WOODBURN, OREGON, USA

In 1999, Woodburn was ready to discharge 6 MLD of treated sewage through micro-spray
sprinklers into its newly developed 40 hectare poplar tree plantation. Sewage is treated using a
biological nutrient removal aeration basin, a clarifier, sand filters, disinfection in an ultraviolet
unit, chlorination and is pumped into a manifold system to the plantation through an
underground piping system where micro-spray sprinklers are used and there is a 10 m offset to
the property line where irrigation does not occur. In addition, the plantation is completely fenced
and surrounded by signs warning intruders that treated effluent is being discharged. The
irrigation system can be shut down in 2.5 hectare blocks, providing the capability for spot
irrigation and operated from a microcomputer. The field was ploughed, levelled, and then grass
and a 10 cm cuttings were planted into the bare ground and when irrigated, they had a weed
control problem and had to manually remove the grass from around the cuttings. This would
condition the soil and there wouldn’t be any weeds. Then they would plant the trees in the
stream lines and rows without disturbing the soil. This way, grass was already growing and
weeds were not a big problem. This natural system creates an attractive habitat for wildlife,
provides 30 to 50% more evapotranspiration capacity than would a different crop of equal size,
and provides a new source of revenue. Trees can be harvested every 7 to 12 years, and revenue
from the sale of woodchips can be used to offset a portion of the capital and operation and
maintenance costs of the system. The city plans to expand the facility every 5 years to match
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population growth. By 2020, the site will cover 140 hectares acres and will reuse 20 MLD of
treated sewage.

2.4 WIDE BAY WATER CORPORATION, QUEENSLAND, AUSTRALIA

Wide Bay Water Corporation has come up with a winning solution for the dispersal of their
treated sewage by recycling it onto a timber plantation of 300,000 trees on 220 hectares as of
2008 with expansion plans to a million trees by 2010 by a centrally controlled automated drip
irrigation system from two sewage treatment plants. A 130 micron disc filtration technology was
used to pre filter the treated sewage before putting into the drip irrigation. The monitoring
consisted of a central base unit which is interfaced to a PC for ease of programming, viewing
system status, water usage, graphing and SMS alarming, as well as graphical mapping and
additional management programs. Currently the base unit manages the RF communications to
three, UHF radio linked field units which are installed at each of the main pumping sites.
Additional sensors were installed to monitor water flow, pH and dam levels. Remote infield
valve control and water meter monitoring was automated by Piccolo XR’s. The Piccolo XR’s
utilize a low power licensed UHF radio, latching output technology and store & forward
(repeater) communications. This combination allows low cost, yet simple and reliable
communication to the remote fields. A wireless monitoring system was also installed at the site
to record local environmental factors, such as a weather station to monitor temperature,
humidity, solar radiation, wind speed, rainfall and ET. Soil moisture probes were installed at
keys sites to monitor the effects of irrigation, localized rainfall, drainage and plant uptake in the
soil profile. The plantation is stated to have won a Federal Government for Innovation in
Irrigation, were both financial and environmental.

2.5 AL BIREH, PALESTINE

The sewage treatment facility is designed for 5.7 MLD with extended aeration followed by
gravel media filtration for turbidity reduction, a chlorine-dosing unit calibrated to inject chlorine
at a rate of 2 mg/l and 400 L vessel that retained the chlorinated water for 30 minutes. No
fertilizer was applied in addition to the nutrients presents in the reclaimed wastewater. A nursery
of 600 m for annual cultivation of 80,000 seedlings of indigenous trees and cooked vegetables
with irrigation system of micro-drippers was opted for. The eggplants were sterilized to ensure a
safe distance of 50 cm from the drip lines. Two types of effluents are used being high quality
effluent with drip irrigation and very high quality effluent with subsurface irrigation. The
regulations, applications and achievements are shown hereunder.

Summary of Al-Bireh WWTP reclaimed water use achievements

Efrf;l:)int Regulation Application Achievements
BOD/TSS Orchard, olives, Ornamentals
High less than 20/30 mg/I, Grape stocks High growth
quality Faecal Coliform Processed vegetables High yield
less than 1,000 MPN/100 ml Restricted area landscaping
Very high F.C non-detectable Cooked vegetables High yield
: Effluent polishing N
quality Nursery (eggplants) No contamination

Regular basis of the reclaimed water, soil and microbiological quality were tested. The test
results show that the tertiary treatment generates reclaimed water suitable for unrestricted
agriculture reuse application according to Israeli and US EPA guidelines. Crop quality tests
showed that eggplants irrigated with reclaimed water were not contaminated with faecal
coliform and intestinal viruses. In the nursery, seedling germination rates were high (>90%) and
seedlings irrigated with the reclaimed water showed high vegetative growth. The nursery and
Alfalfa plantation are shown hereunder.
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Nursery and Alfalfa plantation at Al-Bireh facility
2.6 SEWAGE SUSTAINED VERMICOMPOSTING

In the matter of producing vermin compost for tree plantations, a study by University of
Agricultural Sciences, Dharwad, Karnataka found that sewage could be used in
vermicomposting provided its details with respect to composition of toxic substances are
known.

3 HORTICULTURE

3.1 EL PASO TEXAS, USA

Because of declining reserves of fresh groundwater and an uncertain supply of surface water,
the El Paso Water Utilities has adopted a strategy to curtail irrigation use of potable water by
substituting reclaimed municipal effluent. This strategy has been implemented in stages, starting
with irrigation of a county-operated golf course using secondary effluent from the Haskell Plant,
and a city-owned golf course with tertiary treated effluent from the Fred Hervey Plant. The
reuse projects were expanded to use secondary effluent from the Northwest Plant to irrigate a
private golf course, municipal parks, and school grounds. Reclaimed water use from the Haskell
Plant is also expanded to include parks and school grounds. In these cases, the salinity of
reclaimed water ranges from 680 to 1,200 ppm as total dissolved salts (TDS) depending on the
plant. Reclaimed water from the Hervey Plant has the lowest salinity (680 ppm), and a large
portion of it is now being injected into an aquifer for recovery as potable water.

3.2 DURBIN CREEK (WESTERN CAROLINA)

The Durbin Creek Wastewater Treatment Facility located near Fountain Inn, South Carolina,
discharges to Durbin Creek, a relatively small tributary of the Enoree River. Average flow from
the Durbin Creek Plant is 5,200 m*day with a peak flow of 22,700 m*day during storm events.
The plant is permitted for an average flow of 12,500 m*/day. The Durbin Creek plant is located
on an 81 ha site, half of which is wooded and the remaining half cleared for land application of
bio solids. Hay is harvested in the application fields. Much of the land surrounding the plant site
is used as a pasture and for hay production without the benefit of bio solids applications.

3.3 CHANDIGARH

Chandigarh is perhaps the first city to have developed a infrastructure with pipe lines for a
tertiary treatment plant to cover the horticulture needs of its vast 1,500 hectares by nearly 90
MLD out of which 45 MLD capacity is in place and another 45 MLD is under completion.

3.4 DELHI

With the sewage volume at about 4,400 MLD, planned reuse of treated sewage for designated
institutional centres have been put in place as (a) Luytens at 90 MLD, (b) Japanese park at 35
MLD, (c) minor irrigation department at 350 MLD totalling 475 MLD.
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4 TOILET FLUSHING
41 JAPAN

Because of the country’s density and limited water resources, water reclamation and reuse
programs are not new to Japan. By 1995, 89.6% of cities larger than 50,000 people were
sewered, and 72% of the inhabitants of these cities were served with a sewage collection system.
Therefore, buildings being retrofitted for flush toilets and the construction of new buildings
offer excellent opportunities for reuse. Initially, the country’s reuse program provided reclaimed
water to multi-family, commercial, and school buildings, with a reclamation plant treating all of
the wastewater for use in toilet flushing and other incidental nonpotable purposes. Later,
municipal treatment works and reclaimed water systems were used together, as part of a dual
system, providing more effective and economical treatment than individual reclamation
facilities.

In 1998, reclaimed water use in Japan was 130 Mm®/year, with distribution as shown in Table
7.7. At that time, about 40% of the reclaimed water was being distributed in dual systems. Of
this more than 1/3 was being used for toilet flushing, and about 15% each for urban irrigation
and cleansing. A wide variety of buildings were fitted for reclaimed water use, with schools and
office buildings being most numerous. In Tokyo, the use of reclaimed water is mandated in all
new buildings that have floor area larger than 30,000 nr.

Japan offers a very good reuse model for cities in developing countries because its historical
usage is directly related to meeting urban water needs rather than only agricultural irrigation
requirements. In addition, the country’s reclaimed water quality requirements are different from
those in the U.S., as they are more stringent for coliform counts for unrestricted use, while less
restrictive for other applications.

Examples of large area water reclamation systems in Japan can be found in Chiba Prefecture,
Kabe City, and Fukuoka City. Outside the city limits of each of these urban areas, streams have
been augmented, parks and agricultural areas have been irrigated, and greenbelts established
with reclaimed water. The price of reclaimed water in these cities ranges from $0.83/m® for
residential use to $2.99/m?’ for business and other uses. This compares with a potable water price
range of $1.08 to $3.99/m® (USEPA, 2004).

Uses of reclaimed water in Japan

Use Percent Mm?®/year
Environmental Water 54% 63.9
Agricultural Irrigation 13% 15.9
Snow Melting 13% 15.3
Industrial Water 11% 12.6
Cleansing Water 9% 11.2

4.2 INDIAN SCENARIO

Reuse of treated sewage for toilet flush has been recognized as a means of water conservation
especially in high rise apartments, office complexes, multiplexes, etc. Generally, this flushing
consumes about 3 to 4 flushes per day per person and its volume will be about 20 to 30 litres
daily. When a 135 Ipcd is supplied, by reusing this 30 litres per day per person, we still have to
deal with 110 litres per capita daily and this has to be disposed outside the house. But then, the
entire 135 Ipcd has to be treated before we can recover the 30 Ipcd for toilet flush. Alternatively,
there has to be a twin sewerage within the house so that milder grey water can be separately
collected and treated with less strenuous effort before reuse for flush. Such a system is least
advisable especially in modern urban habitations where the potential dangers of cross
connection in plumbing and nuisance value of dealing with a STP within the dwelling boundary
are matters of great reluctance either to be enforced or to be embraced by the occupants. That

Final Draft A-119




1835

1840

1845

1850

1855

Part A:  Engineering APPENDICES

brings matters to two options namely, condominiums to have such a facility as a centralized
option for the entire condominium or a habitation to have a dual pipeline from the STP back all
the way to the dwellings supplying such a toilet flush grade water. Obviously, such a new dual
pipeline all over the habitation is almost next to impossible to be designed, implemented and
attended to in O& M because, here is a system that will deliver as little as 30 Ipcd and its design
as a gravity pipeline discharging in short stints for rare timings in a 24 hours cycle calls for a
pressurized system. The net result of all this is the fact that these are possible only in the case of
condominiums and entirely new layouts. In India, the rule of culture far more outweighs the
practicalities and culturally, no one can be forced to avail a water supply originating from the
refuse of the neighbour and receive it into his habitation. The Karnataka State Pollution Control
Board (KSPCB) has laid down that new layouts shall providing their own STPS by new urban
standards of juxtaposed with the erstwhile standards prescribed by MOEF/CPCB, and followed
by KSPCB as well. An extract of the same along with remarks thereon is furnished hereunder.

Discharge standards for surface water Vs urban reuse standards by KSPCB

No. | Parameters as per BIS Values as per BIS Proposed by KSPCB
1 |pH 6.5-8.5 6.0-9.0
2 | BOD <20 <10
3 | TSS <30 Not specified
4 | Oil & Grease <10 Not specified
5 | Turbidity Not specified <2NTU
6 | E.Coli Not specified NIL
7 | Res. Chlorine Not specified > 1 PPM
All Units except pH and NTU in mg/I

Considering the E coli issue alone, total coliform is not addressed and thus, enteric viruses
which are specific for water borne epidemics through unintentional portals of entry are left out.
Thus total coliforms have to be not detected. The technology for this in the condominium scale
can be the ultrafiltration membranes which can function under low pressure and trap the viruses
as shown hereunder.

Filtration Spectrum

| Ultrafiltration | Particle

I Filtration

Reverse Osmosis

Microfiltration

Mol Wi. 100 1000 100,000 1,000,000
Pressure

[psi] 1000-400 600-100 200-70 125-15

[bar] 68.9-27.6 41.4-6.9 13.8-4.8 8.6-1
Microw 0.001 0.01 0.1 1.0
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5 INDUSTRIAL AND COMMERCIAL
51 SAKAIHAMA TREATED WASTEWATER SUPPLY PROJECT, JAPAN

To ensure sustainable water supply in Sakaihama district advanced treatment process was
established at 3 sewage treatment plants. Two types of advanced treatment processes are applied
to the effluent obtained from step-feed multistage biological nitrogen removal facilities: 33,000
m’/day of water is produced using fibre filtration to be used for purposes (cooling water in large
industries) in which there is no contact with the human and 1,000 m*/day of water is produced
using ozonation for uses in which human contact is expected. Reclaimed water is supplied to
large-scale company groups, and small and medium-sized enterprises which include National
Soccer Training Centre (NTC), disaster prevention base, Sakai solid waste disposal plant, and
local industries. In these facilities, the reclaimed water is used for variety of purposes. In
large-scale industries, it is mainly used for cooling purposes, and in small industries it is used
for toilet flushing and watering plants through sprinkler. The use also includes sprinkling water
over the football ground, and for fire extinguishing in emergency cases. Some hydrants are
installed on transmission pipelines for this purpose.

Sakai city depends on water supplies from Osaka Prefecture, for which the main source is
Yodogawa River. Considering increase in demand, it became important to secure additional
water resources. To ensure sustainable water supply in Sakaihama district (covering area of
about 300 ha) and to restore the environment in existing rivers, reuse of treated wastewater
(advanced level) came into practice. For this purpose, advanced treatment process was
established at 3 sewage treatment plants.

To achieve the objectives, two types of advanced treatment processes are applied: 33,000
m®/day of water is produced using fibre filtration to be used for purposes (cooling water in large
industries) in which there is no contact with the human and 1,000 m*/day of water is produced
using ozonation for uses in which human contact is expected.

The facilities used for supplying treated water in this project are as follows:

- One water supply pumping station
- 2 satellite treatment plants (ozonation)
- About 12 km of transmission pipelines

Reclaimed water is supplied to large-scale company groups, and small and medium-sized
enterprises which include National Soccer Training Centre (NTC), disaster prevention base,
Sakai solid waste disposal plant, and local industries. In these facilities, the reclaimed water is
used for variety of purposes. In large-scale industries, it is mainly used for cooling purposes,
and in small industries it is used for toilet flushing and watering plants through sprinkler. The
use also includes sprinkling water over the football ground, and for fire extinguishing in
emergency cases. Some hydrants are installed on transmission pipelines for this purpose.

Treated wastewater supply

User Quantity (m°/day) Use
Sakai National Training Centre (NTC) 400 Sprinkling on football ground
Disaster prevention base 500 Sprinkling
Solid waste disposal plant 20 Sprinkling
Local industry business cluster 80 Toilet flushing, Sprinkling
Large companies 33,000 Coolant

Total 34,000
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1895 Sakaihama treated wastewater reuse scheme
Quality of supplied treated wastewater

Parameter Fibre filtration water Ozonation water
E. Coli - Not detected
pH 5.8-8.6 5.8-8.6
Odour Not unpleasant Not unpleasant
Residual chlorine - Maintained
Appearance Not unpleasant Not unpleasant

Source:  http://water.city.sakai.lg.jp/torikumi/file/konwakai4-03.pdf
5.2 BETHLEHEM STEEL MILLS, USA

Perhaps the first industrial use of treated sewage for industrial purpose was initiated here by

1900  Abel Wolman. One of the largest reclaimed water user is the Bethlehem Steel Sparrows Point
steel mill in Baltimore. For many years, the plant used about 100 MGD of reclaimed water from
the Back River Wastewater Treatment Plant. The reclaimed water was used for contact cooling
of steel and for other process purposes in the mill.

5.3 HAWAII

1905  The Sewage Treatment facility produces two grades of high-quality recycled water whereby the
R-1 water is used for landscape, agriculture, and golf course irrigation, R-2 water which is the
reverse osmosis permeate is used for industrial purposes such as boiler feed water and ultra-pure
process water. The switching to RO water with only 1 ppm of silica turned into a savings for
industrial users, as the ground water arising from filtering of rain water through the lava

1910  structure in the ground it picks up between 60 to 70 ppm of silica which scales up the boilers
costing the power

Rapid Mix,
Flocculation & UV Disinfection Units
Hydroclear Filters
Secondary
Effluent from Filter Return
HWWTP R1 Pumps Backwash | to FWVTP R roduct
RO Pumps Backwash Alternate
Return Pump
Station to Outfall
RO Product
MF Reject RO Reject Water
Microfiltration Reverse Osmosis Units J
Units

Hawaii sewage reuse facility schematic
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5.4 DURBAN, SOUTH AFRICA

Durban Metro experienced considerable pressure to provide basic services, including water, to
its growing domestic and industrial customers. The natural water resources were not sufficient
to meet the increasing demand. As a solution, the KwaZulu Natal pilot project was launched to
install and operate a new affordable distribution network for the townships under successful
tri-sector partnership (public-private-NGOs). Durban Metro decided to go further by
implementing a public-private partnership water reuse project: the Durban Water Recycling
project (DWR). The project included treating primary sewage and re-purifying the reclaimed
water to the capacity of 47,500 m’/d. As a result, about 7% of Durban’s wastewater is reclaimed
as high quality water supplied to the Mondi Paper Mill and SAPREF Refinery at a cost 25%
lower than potable water instead of being discharged to the sea. The purification of the
wastewater is handled by the newly refurbished wastewater treatment plant applying tertiary
treatment using dual media filtration, ozonation, granulated carbon filters and chlorination.

The municipal authority, called “Durban Metro”, experienced a dramatic population increase
and customers increased from 1 million to nearly 3 million due to the incorporation of 30 local
authorities and surrounding townships into the metropolitan area. As a result, Durban Metro
experienced considerable pressure to provide basic services to its growing domestic customers,
among whom 26% lived in the townships and relied on standpipes for clean drinking water.
Moreover, several industries located in this area, such as Mondi Paper Mill and SAPREF
refinery needed continuous supply of high quality water for process and cooling purposes.
Average rainfall in the region is 200 mm/year, and suffers from periodic droughts. Hence, the
natural water resources are not sufficient to meet the increasing demand.

In order to develop a workable solution to the water and sanitation problems, the KwaZulu
Natal pilot project was launched as a part of the Worldwide *“Business Partners for
Development” (BPD) programme created by the World Bank in 1998. This project allowed
Durban Metro to install and operate a new affordable distribution network for the townships
through innovations in service delivery and tariff structures — first 200 I/day of water was free
for domestic customers. This was the result of a successful tri-sector partnership
(public-private-NGOs).

Considering the success of this first initiative, Durban Metro decided to go further by
implementing a public-private partnership water reuse project: the Durban Water Recycling
project (DWR). The project included treating primary sewage and re-purifying the reclaimed
water to the capacity of 47,500 m’/d. As a result, about 7% of Durban’s wastewater is reclaimed
as high quality water supplied to the Mondi Paper Mill and SAPREF Refinery at a cost 25%
lower than potable water instead of being discharged to the sea. The purification of the
wastewater is handled by the newly refurbished wastewater treatment plant and consists of
tertiary treatment including dual media filtration, ozonation, granulated carbon filters and
chlorination (Mediterranean Wastewater Reuse Working Group, 2007).

6 FISH CULTURE
6.1 HANOI, VIETNAM

Hanoi, the capital of Vietnam has a major system of wastewater reuse involving vegetables, rice
as well as fish in low lying Tranh Tri district which lies to the south of the city.

Wastewater and storm water are discharged untreated, to four small rivers which play a dual
role: drainage of wastewater from the city; and wastewater supply for reuse in agriculture and
aquaculture. The system of wastewater reuse has largely been developed by the district farmers
and local community over the past 40 years. After 1960s, land use stabilized into vegetable
cultivation on higher land, rice/fish cultivation on medium level land, and year-round pond fish
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culture on deeper land adjacent to the main irrigation and drainage canals. Wastewater-fed
aquaculture became the major occupation of cooperatives with easy access to wastewater.

The local aquaculture research institute provided seed of exotic fish species, and fish hatcheries
and nurseries were developed by farmers. Farmers also learned how to regulate the introduction
of wastewater to produce fish. The major species are silver carp, rohu, and tilapia. Yields of fish
of 3-8 tonnes/ha are harvested annually, lower yields from rice/fish and higher from pond
culture.

Hanoi, the capital of Vietnam has a major system of wastewater reuse involving vegetables, rice
as well as fish in low lying Tranh Tri district which lies to the south of the city. Produce from
the reuse system provides a significant part of the diet of the city’s people.

Wastewater and stormwater are discharged untreated, about 320,000 m*/day, to four small rivers
which play a dual role: drainage of wastewater from the city; and wastewater supply for reuse in
agriculture and aquaculture. In 2009, only one wastewater treatment plant was reported to be
operational and 3 treatment plants under construction. About one-third of the city is sewered.
The wastewater is 75-80% domestic and 20-25% industrial.

b = W - .
.-.‘h:‘ Rl =
-

e =

Source:  UNEP webpage: htt://.unep.or.jp/ietc/pubictions/tehpuIictions/techub-l/

2-9/9-3-1.asp
Raw wastewater being pumped into wastewater-fed fish ponds in Hanoi

The system of wastewater reuse has largely been developed by the district farmers and local
community over the past 30 years. Before 1960 the area was a sparsely populated swamp where
rice was grown but with low yields and frequent flooding. Following the formation of
cooperatives in 1967, land use stabilized into vegetable cultivation on higher land, rice/fish
cultivation on medium level land, and year-round pond fish culture on deeper land adjacent to
the main irrigation and drainage canals. Wastewater-fed aquaculture became the major
occupation of 6 cooperatives with easy access to wastewater and a minor occupation of 10
others out of the total of 25 district communes.

The local aquaculture research institute provided seed of exotic fish species, and fish hatcheries
and nurseries were developed by farmers. Farmers also learned how to regulate the introduction
of wastewater to produce fish. The major species are silver carp, rohu, and tilapia. Rohu and
Tilapia has been the most popular species in recent years. Yields of fish of 3-8 tonnes/ha are
harvested annually, lower yields from rice/fish and higher from pond culture.

An on-going project to improve the wastewater and drainage system of Hanoi has had only
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marginal impact on the wastewater-fed fish ponds through loss of a small area to construct a
reservoir. A new industrial development area is being established outside the drainage area of
the district so fish being cultured on city wastewater should be relatively free of contamination.
However, the change in land use policy since the 1980s from cooperative to individual
household management has adversely affected wastewater fed aquaculture. Over the decade
since 1985 the area of wastewater fed aquaculture (essentially the rice/fish system) has declined
in area by 36% from a total of 750 to 480 ha.

6.2 BANGLADESH

In Bangladesh, the development of the first duckweed, conventional wastewater treatment
system began, in 1989 at the KHC in Mirzapur. The facility consists of one duckweed covered,
0.7 ha plug flow lagoon constructed as a 500 m long serpentine channel with seven bends. It is
fed with a mixture of hospital, school and domestic wastewater from some 2,350 people. The
plug flow wastewater-fed duckweed pond is preceded by a 0.2 ha anaerobic pond with a
hydraulic retention time (HRT) of 2-4 days. HRT in the plug flow pond is estimated as 21-23
days. Duckweed harvested from the 0.7 ha wastewater treatment pond is fed daily to three
adjacent fish ponds, each 0.2 ha.

The duckweed removes nutrients and the plant cover suppresses phytoplankton growth. Average
removal efficiencies for BODs, N and P, and faecal coliforms are 90-97%, 74-77%, and 99.9%,
respectively. Effluent turbidity is always below 12 NTU. The effluent is used to top up the water
level of the adjacent fish ponds. The wastewater treatment system produces from 220 to 400
tonnes fresh weight duckweed/ha/year (about 17 to 31 tonnes dry weight/ha/year). The fish
ponds are stocked with Indian major carps (rohu, mrigal and catla), Chinese carps (grass carp
and silver carp), and common carp. Fish production varies from 10 to 15 tonnes/ha/year, yield
being relatively high because of frequent harvesting and addition of other feed besides
duckweed such as oil cake and rice bran.

Duckweed based wastewater treatment and reuse, Mirzapur

PRISM (Project in Agriculture, Rural Industry Science and Medicine), a non-government
organization (NGO) in Bangladesh, has carried out a research and development programme
with duckweed based, wastewater treatment and reuse through fish culture. There are systems
fed with conventional wastewater or sewage in three districts, the largest being at the Kumudini
Hospital Complex (KHC), Mirzapur, Tangail district.

Source:  UNEP webpage; http://www.unep.or.jp/ietc/publications/techpublications/techpub-15/2-9/9-3-3.asp
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A duckweed based wastewater treatment system at Mirzapur, Bangladesh

The development of the first duckweed, conventional wastewater treatment system began, in
1989 at the KHC in Mirzapur. The facility consists of one duckweed covered, 0.7 ha plug flow
lagoon constructed as a 500 m long serpentine channel with seven bends. It is fed with a mixture
of hospital, school and domestic wastewater from some 2,350 people (per capita estimated
sewage generation 100 I/day). The plug flow wastewater-fed duckweed pond is preceded by a
0.2 ha anaerobic pond with a hydraulic retention time (HRT) of 2-4 days. HRT in the plug flow
pond is estimated at 21-23 days. Duckweed harvested from the 0.7 ha wastewater treatment
pond is fed daily to three adjacent fish ponds, each 0.2 ha.

The duckweed removes nutrients and the plant cover suppresses phytoplankton growth. Average
removal efficiencies for BOD5, N and P, and faecal coliforms are 90-97%, 74-77%, and 99.9%,
respectively. Effluent turbidity is always below 12 NTU. The effluent is used to top up the water
level of the adjacent fish ponds.

The wastewater treatment system produces from 220 to 400 tonnes fresh weight
duckweed/ha/year (about 17 to 31 tonnes dry weight/ha/year). The fish ponds are stocked with a
polyculture of Indian major carps (rohu, mrigal and catla), Chinese carps (grass carp and silver
carp), and common carp. Tilapia is not stocked but fingerlings enter the ponds incidentally. Fish
production varies from 10 to 15 tonnes/ha/year, about 40% of which is tilapia. Fish yields are
relatively high because of frequent harvesting and addition of other feed besides duckweed such
as oil cake and rice bran.

Over the last two years the wastewater-fed duckweed-fish system has generated a net profit of
almost US$3,000/ha/year. This is about three times that of the major agricultural crop of the
area, rice.

7 GROUNDWATER RECHARGE

7.1 SOILAQUIFER TREATMENT
7.1.1 DESCRIPTION

Soil aquifer treatment (SAT) makes use of the natural chemical and biological processes within
soil (unsaturated zone) to “polish” treated sewage. Soil aquifer treatment is most commonly used
to remove residual organic material, nitrogen and pathogenic microorganisms.

The most common SAT solution is infiltration ponds. After conventional sewage treatment, the
water is discharged into infiltration ponds and then reused via recovery wells. Infiltration ponds
are used in cycles: Sewage is treated during wet cycle; sludge is dried and solids are removed
during dry cycle.

STP Wet Dry

cycle cycle
VQQQ%W

I

I

Water table * *
v

Aquifer

Soil aquifer treatment
7.1.2 APPLICATION EXAMPLES
a. Sweetwater SAT Treatment Plant in Tucson, Arizona, USA
It was built in year 1989, and consists of 8 recharge basins and 2 wetland basins. The total size is
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17 ha, the design percolation rate is 70 crm/day and the amount of water reclaimed per year is
2065  1,233.5 m® per year. The area is used also for wildlife protection.

b. Rio Hondo Spreading Grounds, Montebello Forebay, California, USA
Site characteristics

Rio Hondo
Year when initially started using 1937/38
Size (ha) 230
# of Sub-Basins 20
Percolation Rate (m°/sec) 11
Water Storage (10°m°) 4,557

2070

Source: http://www.wrd.org/engineering/groundwater-replenishment-spreading-grounds.php
[Accessed 20 Oct. 2011]

Rio Hondo Spreading Grounds, Montebello Forebay, CA
2075 . Phoenix, Arizona, USA
d. Orange County, California, USA
e. Israel
7.1.3 ADVANTAGES AND DISADVANTAGES

The advantages and disadvantages of this process are as follows:
2080 a. Advantages
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i. No requirement of energy and mechanical equipment for aeration
ii. Natural process and virtually maintenance free
iii. System can provide renewed water sources
iv. It protects against sea water intrusion, when practiced in coastal areas.
2085 v. It helps in the protection of wildlife
b. Disadvantages
I. Large areas of land are used
ii. Odours, mosquitoes and flies can be a problem if they are not properly controlled
7.1.4 TYPICAL DESIGN PARAMETERS

2090 Typical design parameters
Parameter Value
Sewage loading rate <15cm/d
Total nitrogen loadings 56 to 67 kg/ha/d
BOD to Nitrogen ratio >3:1
BOD removal around 90%
SS in the percolate 1to 2 mg/L

Source: Sherwood C. Reed, Ronald W. Crites, E. Joe Middlebrooks, 2006
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Hydraulic loading cycles for soil aquifer treatment

. " Wastewater Application Drying/Resting
Loading Objective Applied Season Period (d) Period (d)

Primar Summer 1-2 6-7

o y Winter 12 7-12
Maximize infiltration rates

Secondar Summer 2-3 5-7

y Winter 13 6-10

Primar Summer 1-2 6-9

o y Winter 12 7-13

Maximize nitrification

Secondary Summer 2-3 5-6

Winter 1-3 6-10

Primar Summer 1-2 10-13

o y Winter 12 13-20
Maximize nitrogen removal

Secondar Summer 6-7 9-12

Y Winter 9-12 12-16

Source: Adapted from Crites, R.W. and Tchobanoglous, G, Small and Decentralized Wastewater Management
Systems, McGraw-Hill. New York. 1998.

Important considerations related to design and maintenance of this process are as follows

a. The minimum pre-treatment is secondary or the equivalent. For small systems, a short
detention-time pond is recommended. If facultative or stabilization ponds are to be used, it
is recommended that a constructed wetland system be used between the pond and the
infiltration point to reduce TSS levels.

b. High loadings of BOD and TSS from industrial activity will require careful management to
avoid odour production and to avoid plugging of the soil.

7.1.5 APPLICABILITY

Soil aquifer treatment is an effective process for polishing BOD, TSS, and pathogen removal.
Removal of phosphorus and metals depends on travel distance and soil texture. Nitrogen
removal can be significant when systems are managed for that objective: ammonia is retained in
the soil long enough for biological conversion through ammonia adsorption and the absence of
available oxygen and the existence of carbon sources facilitates denitrification. Pathogens are
filtered out by the soil and adsorbed onto clay particles and organic matter.

7.1.6 GUIDING PRINCIPLES
a.  This technology is used as a method of conserving sewage without wasting it.
b. This technology can be considered where area is available.

c. In coastal cities where ground water is used, this can be a long term solution against sea
water intrusion. But separate study needs to be carried out in case of each location before
its application.

7.2 ORLANDO AND ORANGE COUNTY, FLORIDA, USA

The City of Orlando and Orange County, Florida, were mandated to cease discharge of effluent
into Shingle Creek, which flows into Lake Tohopekaliga. To overcome this issue, a reuse project
was constructed in West Orange and Southeast Lake counties along a high, dry, and sandy area
known as the Lake Wales Ridge, called Water Conserv Il. Water Conserv Il is the largest reuse
project of its type in the world, a combination of agricultural irrigation and rapid infiltration
basins (RIBs). It is also the first reuse project in Florida to irrigate crops produced for human
consumption with reclaimed water. Water Conserv Il began operation on December 1, 1986.
The project is designed for average flows of 50 mgd (2,190 I/s) and can handle peak flows of 75
mgd (3,285 I/s). Approximately 60% of the daily flows are used for irrigation, and the remaining
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+40% is discharged to the RIBs for recharge of the Floridan aquifer.

Citrus growers participating in Water Conserv Il benefit from using reclaimed water. Citrus
produced for fresh fruit or processing can be irrigated by using a direct contact method. Growers
are provided reclaimed water 24 hours per day, 7 days per week at pressures suitable for
micro-sprinkler or impact sprinkler irrigation. By providing reclaimed water at pressures
suitable for irrigation, costs for the installation, operation, and maintenance of a pumping
system can be eliminated.

Water Conserv II: City of Orlando and Orange County, Florida, US

As a result of a court decision in 1979, the City of Orlando and Orange County, Florida, were
mandated to cease discharge of their effluent into Shingle Creek, which flows into Lake
Tohopekaliga, by March 1988. To overcome this issue, the decision was made to construct a
reuse project in West Orange and Southeast Lake counties along a high, dry, and sandy area
known as the Lake Wales Ridge, and the project was named Water Conserv Il. The primary use
of the reclaimed water would be for agricultural irrigation. Daily flows not needed for irrigation
would be distributed into rapid infiltration basins (RIBs) for recharge of the Floridan aquifer.

Water Conserv Il is the largest reuse project of its type in the world, a combination of
agricultural irrigation and RIBs. It is also the first reuse project in Florida permitted by the
Florida Department of Environmental Protection to irrigate crops produced for human
consumption with reclaimed water. The project is best described as “a cooperative reuse project
by the City of Orlando, Orange County, and the agricultural community.”

The project is designed for average flows of 50 mgd (2,190 I/s) and can handle peak flows of 75
mgd (3,285 I/s). Approximately 60% of the daily flows are used for irrigation, and the remaining
+40% is discharged to the RIBs for recharge of the Floridan aquifer. Water Conserv Il began
operation on December 1, 1986.

At first, citrus growers were reluctant to sign up for reclaimed water being afraid of potential
damage to their crops and land from the use of the reclaimed water. Study was carried out on the
use of reclaimed water as an irrigation source for citrus. Later on, the Mid Florida Citrus
Foundation (MFCF), a non-profit organization was created for conducting research on citrus
and deciduous fruit and nut crops. Goals of the MFCF are to develop management practices that
will allow growers in the northern citrus area to re-establish citrus and grow it profitably,
provide a safe and clean environment, find solutions to challenges facing citrus growers, and
promote urban and rural cooperation. All research conducted by the MFCF is located within the
Water Conserv Il service area. Reclaimed water is used on 163 of the 168 acres of research.
MFCF research work began in 1987.

Research results to date have been positive. The benefits of irrigating with reclaimed water have
been consistently demonstrated through research since 1987. Citrus on ridge (sandy, well
drained) soils respond well to irrigation with reclaimed water. No significant problems have
resulted from the use of reclaimed water. Tree condition and size, crop size, and soil and leaf
mineral aspects of citrus trees irrigated with reclaimed water are typically as good as, if not
better than, groves irrigated with well water. Fruit quality from groves irrigated with reclaimed
water was similar to groves irrigated with well water. The levels of boron and phosphorous
required in the soil for good citrus production are present in adequate amounts in reclaimed
water. Thus, boron and phosphorous can be eliminated from the fertilizer program. Reclaimed
water maintains soil pH within the recommended range; therefore, lime no longer needs to be
applied.

Citrus growers participating in Water Conserv |11 benefit from using reclaimed water. Citrus
produced for fresh fruit or processing can be irrigated by using a direct contact method. Growers
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are provided reclaimed water 24 hours per day, 7 days per week at pressures suitable for
micro-sprinkler or impact sprinkler irrigation. At present, local water management districts have
issued no restrictions for the use of reclaimed water for irrigation of citrus. By providing
reclaimed water at pressures suitable for irrigation, costs for the installation, operation, and
maintenance of a pumping system can be eliminated. This means a savings of $317 per hectare
per year. Citrus growers have also realized increased crop yields of 10 to 30% and increased tree
growth of up to 400%. The increases are not due to the reclaimed water itself, but the
availability of the water in the soil for the tree to absorb. Growers are maintaining higher soil
moisture levels.

Citrus growers also benefit from enhanced freeze protection capabilities. The project is able to
supply enough water to each grower to protect his or her entire production area. Freeze flows
are more than 8 times higher than normal daily flows. It is very costly to the City and County to
provide these flows (operating costs average $15,000 to $20,000 per night of operation), but
they feel it is well worth the cost. If growers were to be frozen out, the project would lose its
customer base. Sources of water to meet freeze flow demands include normal daily flows of 30
to 35 MGD (1,310 to 1,530 I/s), 38 million gallons of stored water (143,850 m®), 80 MGD
(3,500 I/s) from twenty-five 16-inch diameter wells, and, if needed, 20 MGD (880 I/s) of
potable water from the Orlando Utilities Commission.

Water Conserv Il is a success story. University of Florida researchers and extension personnel
are delighted with research results to date. Citrus growers sing the praises of reclaimed water
irrigation. The Floridan aquifer is being protected and recharged. Area residents view the project
as a friendly neighbour and protector of the rural country atmosphere (USEPA, 2004).

7.3 PHOENIX (ARIZONA), USA

Water reclamation and reuse have become an important part of Phoenix Water Services
Department’s operational strategy. In 2001, Cave Creek Reclaimed Water Reclamation Plant
(CCWRP), in northeast Phoenix, began operation which uses an activated sludge
nitrification/denitrification process along with filtration and ultraviolet light disinfection to
produce a tertiary-grade effluent that meets the Arizona standards. CCWRP is currently able to
treat 8 MGD (350 I/s) and has an expansion capacity of 32 MGD (1,400 I/s). The Phoenix
reclamation plant delivers reclaimed water through a nonpotable distribution system to golf
courses, parks, schools, and cemeteries for irrigation purposes. The reclaimed water is sold to
customers at 80% of the potable water rate.

CCWRP’s sister facility, North Gateway Water Reclamation Plant (NGWRP), will serve the
northwest portion of Phoenix. The design phase has been completed. The NGWRP will have an
initial treatment capacity of 4 MGD (175 I/s) with an ultimate capacity of 32 MGD (1,400 I/s).
The plant is modelled after the Cave Creek facility using the “don’t see it, don’t hear it, don’t
smell it” desigh mantra. Construction will be performed using the construction manager-at-risk
delivery method.

Groundwater recharge and recovery is a key component of the water reuse program. Phoenix is
currently exploring the use of vadose zone wells because they do not require much space and
are relatively inexpensive to construct. This method also provides additional treatment to the
water as it percolates into the aquifer. A vadose zone recharge facility along with a recovery
well is being designed for the CCWREP site.

Water Reclamation and Reuse: Integrated Approach to Wastewater Treatment and Water
Resources Issues in Phoenix, Arizona

The rapidly developing area of North Phoenix is placing ever-increasing demands on the city’s
existing wastewater collection system, wastewater treatment plants, and potable water resources.
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As an integrated solution to these issues, water reclamation and reuse have become an important
part of Phoenix Water Services Department’s operational strategy.

Cave Creek Reclaimed Water Reclamation Plant (CCWRP), in northeast Phoenix, began
operation in September 2001. The facility uses an activated sludge nitrification/denitrification
process along with filtration and ultraviolet light disinfection to produce a tertiary-grade effluent
that meets the Arizona standards. CCWRP is currently able to treat 8 MGD (350 I/s) and has an
expansion capacity of 32 MGD (1,400 I/s). The Phoenix reclamation plant delivers reclaimed
water through a nonpotable distribution system to golf courses, parks, schools, and cemeteries
for irrigation purposes. The reclaimed water is sold to customers at 80% of the potable water
rate.

CCWRP’s sister facility, North Gateway Water Reclamation Plant (NGWRP), will serve the
northwest portion of Phoenix. The design phase has been completed. The NGWRP will have an
initial treatment capacity of 4 MGD (175 I/s) with an ultimate capacity of 32 MGD (1,400 I/s).
The plant is modelled after the Cave Creek facility using the “don’t see it, don’t hear it, don’t
smell it” designh mantra. Construction will be performed using the construction manager-at-risk
delivery method.

Phoenix is using geographic information system (GIS) technology to develop master plans for
the build out of the reclaimed water distribution system for both the Cave Creek and North
Gateway reclamation plants. Through GIS, potential reclaimed water customers are easily
identified. GIS also provides information useful for determining pipe routing, reservoir, and
pump station locations. The goal is to interconnect the 2 facilities, thus building more reliability
and flexibility into the system. The GIS model is dynamically linked to the water system,
planning, and other important databases so that geospatial information is constantly kept up to
date. A hydraulic model is being used in conjunction with the GIS model to optimize system
operation.

Irrigation demand in Phoenix varies dramatically with the seasons, so groundwater recharge and
recovery is a key component of the water reuse program. Phoenix is currently exploring the use
of vadose zone wells because they do not require much space and are relatively inexpensive to
construct. This method also provides additional treatment to the water as it percolates into the
aquifer. A pilot vadose zone well facility has been constructed at the NGWRP site to determine
the efficacy of this technology. A vadose zone recharge facility along with a recovery well is
being designed for the CCWRP site.

Nonpotable reuse and groundwater recharge with high quality effluent play an important role in
the City’s water resources and operating strategies. The North Phoenix Reclaimed Water System
integrates multiple objectives, such as minimizing the impact of development in the existing
wastewater infrastructure by treating wastewater locally and providing a new water resource in
a desert environment. By using GIS, Phoenix will be able to plan the build out of the reclaimed
water system to maximize its efficiency and minimize costs (USEPA, 2004).
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North Phoenix reclaimed water system
7.4 SANTA ROSA (CALIFORNIA) RECHARGE PROJECT, USA

Since early 1960s, the Santa Rosa Subregional Water Reclamation System has provided
reclaimed water for agricultural irrigation in the Santa Rosa Plain, and later on for irrigating golf
courses, and local parks. The remaining reclaimed water not used for irrigation was discharged
to the Laguna de Santa Rosa. Growing concerns over water quality impacts in the Laguna de
Santa Rosa pressured the system to search for a new and reliable means of reuse.

In the northwest quadrant of Sonoma County lies the Geysers Geothermal Steamfield, a
super-heated steam resource used to generate electricity. Due to overexploitation, the electricity
generation has declined from 2,000 MW (1987) to about 1,200 MW. As a result, the operators
are seeking a source of water to recharge the deep aquifers that yield steam. In 1998, the Santa
Rosa Sub-regional Reclamation System decided to build a conveyance system to send 11 MGD
(480 I/s) of tertiary-treated water from the Laguna treatment plant to the northwest Geysers
steam field for recharge and in November 2003 it began operating. About 100 megawatts of
additional power is generated each day by the Geysers Recharge Project. In January 2008, the
delivery went up to 12.62 MGD and helped generate enough electricity for 100,000 households
in Sonoma and other North Bay counties.

The conveyance system to deliver water to the steamfield includes 40 miles (64 km) of pipeline,
4 large pump stations, and a storage tank located high in the Mayacmas Mountains. The system
requires a lift of 1,005 meters. Distribution facilities within the steamfield include another 29km
of pipeline, a pump station, and tank, plus conversion of geothermal wells from production
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wells to injection wells.
Geysers Recharge Project: Santa Rosa, California, USA

The cities of central Sonoma County, California, have been growing rapidly, at the same time
regulations governing water reuse and discharge have become more stringent. Since the early
1960s, the Santa Rosa Subregional Water Reclamation System has provided reclaimed water for
agricultural irrigation in the Santa Rosa Plain, primarily to forage crops for dairy farms. In the
early 1990s, urban irrigation uses were added at Sonoma State University, golf courses, and
local parks. The remaining reclaimed water not used for irrigation was discharged to the Laguna
de Santa Rosa. But limited storage capacity, conversion of dairy farms to vineyards (decreasing
reclaimed water use by over two-thirds), and growing concerns over water quality impacts in
the Laguna de Santa Rosa, pressured the system to search for a new and reliable means of reuse.

In the northwest quadrant of Sonoma County lies the Geysers Geothermal Steamfield, a
super-heated steam resource used to generate electricity since the mid-1960s. At its peak in
1987, the field produced almost 2,000 megawatts (MW). Geysers operators have mined the
underground steam to such a degree over the years that electricity production has declined to
about 1,200 MW. As a result, the operators are seeking a source of water to recharge the deep
aquifers that yield steam. Geothermal energy is priced competitively with fossil fuel and
hydroelectric sources, and is an important “green” source of electricity. In 1998, the Santa Rosa
Sub-regional Reclamation System decided to build a conveyance system to send 11 MGD (480
I/s) of tertiary-treated water from the Laguna treatment plant to the northwest Geysers
steamfield for recharge and in November 2003 it began operating. About 100 megawatts of
additional power is generated each day by the Geysers Recharge Project. In January 2008, the
delivery went up to 12.62 MGD and helps generate enough electricity for 100,000 households in
Sonoma and other North Bay counties.

The conveyance system to deliver water to the steamfield includes 40 miles (64 km) of pipeline,
4 large pump stations, and a storage tank located high in the Mayacmas Mountains. The system
requires a lift of 1,005 meters. Distribution facilities within the steamfield include another 29
km of pipeline, a pump station, and tank, plus conversion of geothermal wells from production
wells to injection wells.

One of the major benefits of the Geysers Recharge Project is the flexibility afforded by
year-round reuse of water. The system has been severely limited because of seasonal discharge
constraints and the fact that agricultural reuse is not feasible during the wet winter months. The
Geysers steamfield will use reclaimed water in the winter, when no other reuse options are
available. However, during summer months, demand for reuse water for irrigation is high. The
system will continue to serve agricultural and urban users while maintaining a steady but
reduced flow of reclaimed water to the Geysers.

In addition to the benefits of power generation, the Geysers Recharge Project will bring an
opportunity for agricultural reuse along the Geysers pipeline alignment, which traverses much
of Sonoma County’s grape-growing regions (USEPA, 2004).

7.5 UNDPSTUDY AT CHENNAI
A study by UNDP in the 1970°s identified a sand basin on the coast of Bay of Bengal where
secondary treated sewage of the Chennai city can be infiltrated through percolation ponds and

extracted for specific industrial use in the nearby petro-chemical complex. However, public
acceptance of this project has not been forthcoming.
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8 INDIRECT RECHARGE OF IMPOUNDMENTS
8.1 WINDHOEK (NAMIBIA)

The Windhoek reclamation plant has been in operation since 1968 with an initial production rate
of 4800 m*d. This operation is the only existing example of direct potable water production.
The plant has since been upgraded in stages to its present capacity of 21,000 m*/d.

The wastewater from residential and commercial settings is treated in the Gammans treatment
plants by trickling filters (6,000 m%d) and activated sludge (12,000 m®d), with enhanced
phosphorus removal. The effluents from these processes go to 2 separate maturation ponds (4 to
12 days retention). Only the polished effluent from the activated sludge system is directed to the
Windhoek reclamation facility added with water from the Goreangab Dam (blending ratio 1:3.5),
where it is treated to drinking water standards. After tertiary treatment, reclaimed water is
blended again with bulk water from different sources.

Advanced treatment processes (including ozonation and activated carbon) have been added to
the initial separation processes of dissolved air flotation, sedimentation, and rapid sand filtration.
A chlorine residual of 2 mg/l is provided in distribution systems. Membrane treatment has been
considered, as well as additional 140 days storage of the secondary effluent from the maturation
ponds in the Goreangab Dam.

Windhoek, the capital of Namibia, has a population of 200,000 and is located in the desert. In
1960, low rainfall (below 300 mm/year) caused the necessary water supply to fall short of the
water demand. To meet this need, the country’s water supply master plan included the long
distance transport of 80% of its water supply from the Eastern National Water Carrier, extensive
aquifer withdrawals from around the city, the development of a local surface reservoir, and the
construction of a reclamation plant. The Windhoek reclamation plant has been in operation since
1968 with an initial production rate of 4,800 m®/d. This operation is the only existing example
of direct potable water production. The plant has since been upgraded in stages to its present
capacity of 21,000 m’/d.

The wastewater from residential and commercial settings is treated in the Gammans treatment
plants by trickling filters (6,000 m%d) and activated sludge (12,000 m®d), with enhanced
phosphorus removal. The effluents from each of these processes go to 2 separate maturation
ponds for 4 to 12 days of polishing. Only the polished effluent from the activated sludge system
is directed to the Windhoek reclamation facility added with water from the Goreangab Dam
(blending ratio 1:3.5), where it is treated to drinking water standards. After tertiary treatment,
reclaimed water is blended again with bulk water from different sources.

Advanced treatment processes (including ozonation and activated carbon) have been added to
the initial separation processes of dissolved air flotation, sedimentation, and rapid sand filtration.
Residual chlorine of 2 mg/l is provided in distribution systems. Membrane treatment has been
considered, as well as additional 140 days storage of the secondary effluent from the maturation
ponds in the Goreangab Dam.

Risk studies and evaluations of toxicity and carcinogenicity have demonstrated that reclaimed
water produced at the Windhoek facility is a safe and acceptable alternative water resource for
potable purposes. Treatment capacity at the Windhoek treatment plant is currently being
increased to 40,000 m*/d (USEPA, 2004).
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Source: SEPA, 2004
Goreangab Dam, adjacent to the Windhoek reclamation plant in Namibia.
8.2 GERMANY

The Berlin water works are located near the surface water system. The water works’ wells are
drilled mostly at short distance from the rivers and lakes near the bank, from where water is
abstracted.

One of the largest water works of Berlin (Tegel) abstracts lake water (80%) via bank filtration
and artificial groundwater recharge. In Tegel drinking water, advanced treated wastewater
portions have been calculated to be 14-28%.

In order to study the properties and consequences of artificial recharge, a research and
development project, namely Project Natural and Artificial Systems for Recharge and
Infiltration (NASRI), was initiated in 2002. The NASRI project indicates that aquifer recharge
offers great potentials in the future of integrated water management, provided that the necessary
precautions are taken.

The Berlin water works are located near the surface water system. The waterworks’ wells are
drilled mostly at short distance (1-600 m) from the rivers and lakes near the bank. From here
bank-filtered surface water is abstracted.

One of the largest waterworks of Berlin (Tegel) abstracts lake water (80%) via bank filtration
and artificial groundwater recharge. In Tegel drinking water, advanced treated wastewater
portions have been calculated to be 14-28%.

The climatic water balance is approaching a negative value with transpiration equalling
precipitation. Even in the near future an equalised water balance is not expected. Since 1997,
part of the advanced treated wastewater is discharged into former drainage ditches to redress the
disturbed water balance in the lowland which had resulted in a 0.15 to 0.50 m reduction in the
low moors thickness over 50 years. This beneficial reuse has increased the water table, restored
the ecology and increased the grass yields from the meadows to 4-5 harvest per year instead of
2.

In order to study the properties and consequences of artificial recharge, a research and
development project, namely Project Natural and Artificial Systems for Recharge and
Infiltration (NASRI), was initiated in 2002. Their purpose was to study: physical, chemical and
biological processes; transport processes; the long-term sustainability of bank filtration; models
of transport processes; water managing scenarios; the development of guidelines for the
optimised operation of existing bank filtration and groundwater recharge scheme.
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The NASRI project provided valuable data concerning artificial aquifer recharge. This project
indicates that aquifer recharge offers great potentials in the future of integrated water
management, provided that the necessary precautions are taken. It is a process of high value for
the future of Berlin’s drinking water supply. Mechanisms governing the removal of impurities
and chemical reactions were better understood (Mediterranean Wastewater Reuse Working
Group, 2007).

Final Draft A-137



Part A:  Engineering APPENDICES

APPENDIX 8.1 DESIGN EXAMPLE OF INTERCEPTOR TANK

The following design criteria is extracted from the publication “The Design of Small Bore
Sewer Systems” by the World Bank indexed as TAG 14 available from website
http://www-wds.worldbank.org/ and authorized for public use.

2410  Design of an interceptor tank to pre-treat the sewage from a household of 8 persons at 70 Ipcd of
sewage and desludging every 3 years

(i)  Minimum hydraulic retention time is given by the following equation:
t,=1.5-0.31log (Pq)
Where,
2415 t, = minimum mean hydraulic retention time, days
P = contributing population
g = sewage flow, Ipcd

Hence, minimum hydraulic retention time =15-0.3log (8 x 70) = 0.68 day
(i) Volume required for sedimentation is given by the following equation:

2420 Vi = 10%(Po) t,
Where,

V, = volume required for sedimentation, m’
Hence, volume required for sedimentation =8 x 70 x 0.68 /1000 = 0.39 7’
(iii) Combined solids digestion and storage volume is given by equation:
2425 V; =70 xPN/1000
Where,
V, = combined solids digestion and storage volume, n’

N = desired interval between successive desludging operations, years

Hence, solids digestion and storage volume =70 x 8 x 3/1000 = 1.68 n?’
2430
Assume a tank of 3 mx 1 min plan area (A)
(iv) Maximum depth of sludge = VJ/A  =1.68/3=0.56m
(v)  Maximum submerged scum depth (dss) = 0.77A =0.713=0.23m
(vi)  Minimum sludge clear space = 0.82-0.26 A
2435 =0.82-(0.26 x3) =0.04 m
Minimum to be provided is 0.3 m
Minimum height between bottom of scum and invert of the outlet pipe must be 75 mm
Clear height above invert of outlet pipe =0.3+(75/1000) = 0.375m
Diameter of outlet pipe =75 mm=75/1000=0.075m
2440  Effective depth =0.56+0.375+0.23=1.165m
Freeboard =0.3m
Overall inner dimensions =3mx1mx 1.5 mheight
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APPENDIX 9.1 SOIL PERCOLATION TEST

To design a suitable soil absorption system for disposal of effluent from septic tanks, percolation
tests shaft be carried out, on the proposed site for location of the absorption system, in the
following manner.

Six or more test holes spaced unformly over the proposed absorption field shall be made,

A square or circular hole with side width of diameter of 10 cm to 30 cm and vertical sides shall
be dug or bored to the depth of the proposed absorption trench. The bottom and sides of the
holes shall be carefully scratched with a sharp-pointed instrument to remove any smeared soil
surfaces and to provide a natural soil interface into which water may percolate, The holes shall
be filled for a depth of 5 cm with loose material to protect the bottom from scouring and
settling.

Before the actual readings for percolation tests are taken, it is necessary to ensure that the soil is
given ample opportunity to swell and approach the condition it will be in during the wettest
season of the year, This is done by pouring water in the hole upto a minimum depth of 30 cm
over the grave! and allowed to soak for 24 hours. If the water remains in the test hole after the
overnight swelling period, the depth of water shall be adjusted to 15 cm over the gravel. Then
from a fixed reference point, the drop in water level shall be noted over a 30 min, period. This
drop shall be used to calculate the percolation rate.

If no water remains in the hole, at the end of 30 min. period, water shall be added to bring the
depth of the water in hole 15 cm over the gravel. From a fixed reference point, the drop in water
level shall be measured at 30 min, intevals for 4 hours, refilling to 15 cm level over the grave!
as necessary. The drop that occures during the final 30 min. period shall be used to calculate the
percolation rate. The drop during the earlier periods provide infomation for the possible
modification of the procedure to suit local circumstances,

In sandy soils or other porous soils in which the first 15 cm of water seeps away in less than 30
minutes after overnight swelling period, the time interval between measurements shall be taken
as 10 minutes and the test run for one hour. The drop that occurs in the final 10 munutes shall be
used to calculate the percolation rate.

Based on the final drop, the percolation rate, which is the time in minutes required for water to
fail 1 cm, shall be calculated.
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APPENDIX 9.2 DESIGN EXAMPLE OF LEACH PIT
Design example : Twin Leach Pits (Dry conditions) for 5 users :

1 ASSUMPTIONS

a) liters of wastewater is generated per capita per day

b) liters of water is used per day for floor washing and pan cleaning

c)  The water table remains 2 meters or more below ground level through out the year
for dry pit and 50 cm below for wet conditions

d)  The local soil is porous silty loams and
e) The pits are designed for 2 year sludge accumulation capacity.
2 SOLUTION 1
a) Calculate the total waste water flow (Q) in liters per day
Q= 9.51/d x5 users + 5 liters for floor wash etc.
= 52.5 liters per day

b)  Assuming a pit of 800 mm internal diameter (inside lining 75 mm thick with brick on
edge and effective depth 800 mm, check for infiltrative surface area (At); this is given

by :
At =mtdh

Where d is the external diameter and h is the effective depth of the pit.
At=mx0.95x 0.8 =2.39 n’

C) If the soil is porous silty loams, the infiltrative area required is 52.5/20 = 2.6 n?* ; hence
the infiltrative area provided is insufficient, Therefore by choosing a depth of 0.9 m ; the
infiltrative area At will be

=1 x0.95 x 0.9 = 2.69 n, which is sufficient.

d)  Check for the required solid storage volume (V) for a solids accumulation rate of 0.04 m®
per capita per year, (Table 9.2) for a dry pit with water being used for anal cleansing and
for a dislodging interval of 2 years and a household size of 5 persons

V=0.04x2x5=0.40m%
Whereas, the volume of proposed pit is :

7x0.8x0.8x0.9
4

Hence pit proposed has the sufficient storage capacity.

=0.45m®

e)  Allowing a free space of say 0.225 m, the dimensions of the pit are as follows:
Internal diameter 800 mm
Total depth 1,125 mm (900 mm + 225 mm free board)

Since the pit bottom is more than 2 m above the maximum ground water table, the pit will
function in dry condition.

3 SOLUTION 2
The ground water table is 50 cm below the ground surface, but all other assumptions are the

same as in the above example.
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The pit size is determined by taking the sludge accumulation rate from Table 9.2, Assuming the
pit desludging period as 2 years.
\Volume of the pit

0.095 x2 x5
= 0.95m’
2515  Allowing a free board of 0.225 m. Pit dimensions come as follows :
Internal diameter 1,100 mm
Total depth 1,225 mm (1,000 mm + 225 mm free board)
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APPENDIX 9.3 EXAMPLE OF DESIGN OF MINI-PACKAGED TREATMENT
PLANT (ON-SITE CONSTRUCTION-TYPE)

The following shows an example of designing a on-site construction-type sewage treatment
system for 500 persons in Japan.

—  Basic settings
Number of users: 500
Sewage generation rate: 200 L/day
BOD concentration of sewage: 200 mg/L
— Inflow rate of sewage [Q]
Q [m*day] = 500 [persons] x 200 [L/person/day]/1,000 = 100 [m*/day]
—  First flow equalization tank
Sewage inflow time [T]: 16 hours (per day)
Peak time [Tm]: 2 hours (per day)
Peak factor [Km] (maximum flow rate/mean flow rate): 3.0
Flow adjustment ratio (margin) [Kc]: 1.3
The necessary capacity [V] is given by the following formula:
V [M’] = [((KmVT) - (Kc/24)] x Tmx Q
= [(3.0/16) - (1.3/24)] x 2 x 100 = 28 m°
—  Contact aeration tank
This tank shall meet all the following requirements:
Requirement 1: The retention time shall exceed 8 hours.
Requirement 2: BOD volume load shall be less than 0.3 [kg/m*/day].
Requirement 1: V1 [m’]
V1 [m® = Q x (8/24) = 34 [m’]
Requirement 2: V2 [m’]
Assuming that the inflow BOD concentration is 200 [mg/L],
V2 [m®] = (200 x Q/1,000)/0.3 = 67 [M’]
Accordingly, the capacity meeting both requirements is V [m’] = 67 [m].
—  Sedimentation tank
Assuming that the retention time [T] is 3 hours,
V [m’] = Q x (3/24) = 12.5 [m’]
—  Second flow equalization tank
Assuming that the retention time [T] is 2 hours,
V[’ = Q x (2/24) = 8.4 [m]
—  Flocculation tank

Assuming that the retention time [T] is 30 minutes,
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V [m’] = Q x (1/24) x (30/60) = 2.1 [m]

—  Flocculation sedimentation tank

Assuming that the retention time [T] is 3 hours,

V [m’] = Q x (3/24) = 12.5 [m’]

— Disinfection tank

Assuming that the retention time [T] is 15 minutes,
V [m’] = Q x (1/24) x (15/60) = 1.1 [m]

—  Sludge storage tank

Assuming that the BOD reduction ratio is 90% (raw sewage: 200 mg/L and treated sewage: 20
mg/L) and 100% of removed contaminants are converted to sludge, the sludge generation (dry
substance) rate [Sq(DS)] is given by the following formula:

Sq(DS) [kg-DS/day] = (200 x Q/1,000) x (90/100) x (100/100)
= 18 [kg-DS/day]
Assuming that the sludge concentration is 15,000 mg/L (1.5%),
Sq [m*/day] = 18 [kg-DS/day]/(1.5/100)/1,000 = 1.2 [m*/day]
Assuming that the retention period is one week, the capacity of the sludge storage tank [V] is
given by the following formula:

V [m] = 1.2 [mP/day] x 7 [day/week] = 8.4 [m’]
Table 10 Example of designing a on-site construction-type treatment system
Capacity 500 Persons (100 m/day)

Effective f
Tank Name Volume Setting Value

Peak coefficient:3.0
Inflow time:16hr/24 hr

H H st 3

Flow equalization tank (1) 28 m Flow adjustment ratio:1.3
Peak time:2hr/24 hr
Retention time:8 hr

Contact aeration tank 67m° | BOD volumetric loading

Tank :0.3 kg/m°®/day
Volume | Sedimentation tank 12.5m® | Retention time:3 hr

Flow equalization tank (2" 8.4m® | Retention time:2 hr

Flocculation tank 2.1m° | Retention time:30 min

Flocculation 12.5m® | Retention time:3 hr

sedimentation tank

Disinfection tank 1.1m> | Retention time:15 min
Gross yield coefficient:100%

Sludge storage tank 8.4m® | Sludge concentration:15,000 mg/L

Storage days:1 week
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