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FOREWORD

Sanitation though motivated primarily for meeting the ends of preventive
health has come to be recognised as a way of life. In this context, development
of the sanitation infra-structure of any country could possibly serve as a sensitive
index of its level of prosperity. It is needless to emphasise that jor atiaining the
goals of good sanitation, sewerage and sewage treatment is a necessary concomi-
tant. While provision of potable drinking water takes precedence in the order
of provision of environmental engineering services, the importance of sewerage
and sewage treatment cannot be lost sight of and cannot be allowed to lag behind,
as all the water used by the community has to flow back as sewage loaded with
all the wastes of community living. Unless properly collected, treated and dis-
posed of, this would create serious water pollution problems. More prosperous
communities have attempted to look at water supply and sewerage as an integral
whole but such an outlook has not been possible in this country, primarily
because of the paucity of resources.

2. Nevertheless, thcre has been a steady effort in the recent years in our
country to provide sewerage and sewage treatment facilities to cover at least the
major towns particular!y in the context of growing population. To facilitate the
practising engineer in the work of adequate design, implementation and manage-
ment of these facilities, a manual is absolutely necessary.

3. It is gratifying to note that the Expert Committee appointed by th
Government for preparing a Manual on this subject have been able to bring out
this useful volume. lts usefulness has been all the more enhanced since this
Manual has been discussed at length and reviewed critically at « Workshop of
Chief Engineers and Senior Engineers, specially convened for this purpose. I am
happy that this volume is being brought out at an appropriate time since the nation
is becoming more and more conscious of protection of the environment and a
major thrust is being given by the Government towards meeting this end as evi-
denced by the keen interest evinced by our beloved Prime Minister on this subject.
We are on the threshold of the International Decade for Drinking Water Supply
and Sanitation and I am sure that this Manual would meet the professional needs
of all the Public Health Engineers and Scientists in this field to discharge their task

that would be demanded of them in the Decade.
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PREFACE

Since the inception of the National Water Supply and Sanitation Pro-
gramme and the streamlining of the Public Health Engineering Departments in
the States to keep pace with the developments in this field of specialisation, there
has been a consistent demmand from the Engineers in the profession for a Manual
on Sewerage and Sewage treatment. The Manual on Water Supply and Treat-
ment had necessarily to precede this Manual because of the greater emphasis and
resource allocations that were given to community water supplies. With the
increasing importance bestowed to the sanitation aspect under the programme in
recent years, the need for a Manual on the subject has been keenly felt. To
achieve this objective, a Committee was set up by the Government of India in
the then Union Ministry of Health and Family Planning in August, 1971, with
the following composition:.

Shri J. M. Dave, Chairman 5. Shri V. D. Desai, Member
Adviser (PHE), City Engineer,

Ministry of Health & FP, Bombay Municipal Corpn.

(Deptt. of Health), N:w D:lhi. . .

. Prof. S. 1. Arceivala, Member 6. Shr_‘ D. R: Singal, »

Director, Chief Engincer, PW.D.,
Central Public Health Engincering Public Health Branch, Punjab,
Research Institute, Patiala.

Nehru Marg, Nagpur. ) .

. : 7. Shri S. Chatterjee, »s
Prof. N. Majumdar, . Chicf Engincer,

Prof. of Sanitary Engineering,

All India Institute of Hygiene Calcutta Metropolitan Planning

and Public H:alth, Calcutta-12. Organisation, Calcutta.

Shri A. C. Chaturvedi, ” 8. Shri T. Durairaj, Member
Superintending Engineer, Deputy Adviser (PHE), Secretary
L.S.G.E.D., Govt. of Ministry of Health & FP,

Uttar Pradesh, Lucknow. New Delhi.

The Committee was reconstituted by the Union Ministry of Works and
Housing (to which the subject sanitation was transferred) in June, 1973, with the

following:.

1. Adviser (PHEE), Chairman 5. Dr. R. H. Siddique, Member
Central Public Health & Scientist, National Env. Engg.
Environmental Engineering Or- Reseacch Institute, Nagpur,
ganisation, . presently, Associate Prof. of
Ministry of Works and Housing, Civil Engineering, University of
New Delhi. Petroleum & Chemicals,

2. Dr. T. R. Bhaskaran, Member Saudi Arabia.

Technical Director, 6. Shri S. Chatterjee, "
Geo-Miller & Co., Chief Engincer (Retd.),

New Delhi. Calcutta Metropolitan Planning

Shri A. C. Chat di Organisation, Calcutta.

3. Shri A. C. Chaturvedl, ” . ]

Chief Engineer, LSGED (UP), 7. Shri Ajitha Simha, .
Lucknow; Director (CED), Indian

Standards Institution,

resently, Director, ‘
I%epartment of Ecology, New Delhi.
Lucknow. 8. Shri V. D. Desai, .,
i ingal . Special Commissioner (Engg.)

+ SCthilelf)EIx}éii::t%? i’.W.D., Municipal Corporation, Bombay.
Public Hzalth Branch, Patiala; 9. Shri T. Durairaj, s
presently, Chairman, Deputy Adviser (PHE) (Retd.),
Punjab State Board for Preven- presently, Consultant,
tion & Control of Water Pollution, Shah Construction Company,

Patiala. Madras.
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10. Prof. S. Subba Rao, - Member 11. Shri B. B. Rau, Member-
All India Institute of Hygiene Deputy Adviser (PHE), Secretary
and Public Health ’ Ministry of Works and Housing,

Calcutta. New Delhi.

Seven meetings were held under the Chairmanship of Shri J. M. Dave and
eight meetings were held when Shri B. B. Rau officiated as Adviser (PHEE). Shri
T.S. Swamy took over as Adviser (PHEE) on 26-3-74 and the material was re-
viewed for finalisation. The Manual has been finalised after Dr. Nilay Chau-
dhuri took over the charge of Adviser (PHEE) in December, 1977.

In the preparation of this Manual the Committee has made extensive use
of all the available literature on the subject and wishes to place on record its
gratitude to the sources. The Committee thanks the Ministries of Health &
Family Welfare and Works & Housing, Government of India, for affording all
facilities. The Committee wishes to place on record its deep appreciation of all
the assistance provided and arrangements made by the All India Institute of
Hygiene and Public Health, Indian Standards Institution and National Environ-
mental Engineering Research Institute for the meetings held outside Delhi. Spe-
cial thanks are due to Sarvashri V. Raman, Head, Sewage Division, National
‘Environmental Engineering Research Institute, Nagpur; A. Raman, Scientist
Incharge, Delhi Zonal Centre, National Environmental Engineering Research
Institute ; Dr. R. N. Chakravarthy, Managing Director, Universal Enviroscience
Pvt. Ltd., Delhi; Dr. A. M. Michael, Dr. K. V. Paliwal and Dr. S. L. Pandey of
the Water Technology Centre. Indian Agriculture Research Institute, Delhi; and
Dr. S.S. Ramaswamy, Deputy Director General, Central Labour Institute, Bom-
bay, for their valuable contributions.

The Committee expresses its appreciation to Shri B. B. Rau {or his untiring
efforts in making possible the completion of the Manual in spite of his arduous
normal duties. Special mention is made of the services of Shri M. R. Partha-
sarathy, Asstt. Adviser (PHE) and Dr. I. Radhakrishnan, Scientific Officer, who
unstintingly devoted their time even after office hours in all phases of this work.
The valuable contributions of Asstt. Advisers (PHE), Shri M. M. Datta, Dr. S. R.
Shukla and Shri J. D. Sheth (until he rejoined his parent departrient) are grate-
fully acknowledged. The Committee also desires to record their appreciation of
the services rendered by the different officers and staff members of the Drawing
Section and Secretariat of the Central Public Health & Environmental Engineering
Organisation.

The type-script of the Manual was circulated to all the State Public Health
Chief Engineers and Institutions imparting public health engineering training to
elicit their comments and views. The contents of the Manual were again dis-
cussed in greater detail, topic by topic, at a Special Workshop of all the Chief
and Senior Public Health Engineers of the States convened at Bhubaneswar
(Orissa) between 17th and 19th February, 1979, under the Chairmanship of Shri
S. T. Khare, the then Adviser (PHEE), Ministry of Works & Housing, New Delhi.
The Seminar was also attended by special invitees from the Educational and Re-
search Institutions. Valuable suggestions that emerged during the discussions
have been incorporated to make this Manual useful from the practising Engineers’
point of view.
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The following attended the deliberations of the Workshop : —-
17. Shri M. S. Hyder,

Shri N. Ramachandra Rao,

Chief Engineer (Rural Water Supply),

Panchayati Raj, Andhra Pradesh, |

Shri S.K. Shah,
Chief Engineer (Public Health),
Gujarat.

Shri A.T. Upadhyay,

Superintending Eogineer (Public Health),

Gujarat.

Shri L. M. Chaudhuri,
Engineer-in-Chief

Public Health Branch, Haryana.
Shri A.N. Mehendale,

Chief Engineer,

Hairyana Urabn Development
Authority.

Shri Gurdia Singh,
Supzrintending Engineer,
Public Health,

Haryana.

Shri I. D. Mirchandani,
Chief Engineer,

Public Works Department,
Himachal Pradesh.

Shri B. Subbaiah,
Chief Engineer,
Karnataka.

Shri D.R. Jagannatha Rao,
Chief Engineer,

Public Hzalth Engineering Deptt,
Madhya Pradesh.

Shri W. D. Bhide,

Addl. Chief Engineer,

Urban Development and

Public Health Deptt. and

Mezmber Secretary,

Water Research Management Board,
Maharashtra.

Shri G.F. Khambati,
Chief Engineer, Bombay,
Muanicipal Corporation, Bombay.

Shri Y. V. Damle,

Deputy Chief Engineer (Sewerage)
Planning and Design, Municipal
Corporation of Greater Bombay.

Shri B. K Singh,

Chief Enginecer,

Public Health Engineering,
Manipur, Imphal.

Shri P. Arunachalam,

Chief Public Health Engineer,
Meghalaya.

Shri Akangameron Ao,
Supzrintending Engineer,
Nagaland.

Shri D. N. Singh Deo,
Chief Engineer,
Public Health, Orissa.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Superintending Engineer,
Public Health, Orissa.

Shri A. K. Patnaik,
Superintending Engineer,
Public Health, Orissa.

Shri N. Mishra,
Superintending Engineer,
Public Health, Orissa.

Shri G. N. Patra,
Superintending Engincer,
Public Health, Orissa.

Shri R. N. Pattnaik,
Superintending Engineer,
Public Health, Orissa.

Shri H. S. Manocha,
Managing Director,
Punjab Water Supply and
Sewerage Board.

Shri M. S. Sandhu,
Chief Engineer,

Punjab Water Supply and
Sewerage Board.

Shri H. S. Puri, :
Chief Engincer (Rural Water Supply),
Punjab Public Health
Deptt.

Shri R. Krishnaswamy, Chief Engineer,

Tamilnadu Water supply and
Drainage Board.

Shri George Mathew,

Project Engineer,

Tamilnadu Water supply and
Drainage Board.

Shri V. Varadarajan,
Engineering Director, Madras
Mectropolitan Water Supply and
Sewerage Board.

Shri K. N. Dwivedi,
Managing Director,
U. P. Jal Nigam, Lucknow.

Shri B. P. Varma,
General Manager,
Uttar Pradesh Jal Nigam.

Shri P. K. Chatterjee,

Director, Water Supply

and Environmental Hygiene,
Calcutta Metropolitan Development
Authority.

Shri S. K. Das Gupta,

Director, Sewerage and Drainage,
Calcutta Metropolitan Development
Authority.

Shri A. K. Poddar,
Chief Engineer,

Public Health Engineering Directorate,

West Bengal.
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36.

Shri Satyabrata Kundu,
Superintending Engineer,

Public H:alth Engincering Dircctorate,
West Bengal.

Shri S. K. Roy,

Chief Engineer,

[rrigation and Flood Control Deptt.,
Tripura.

Shri Mallinath Jain,
Chief Engineer (Water),
D:lhi Municipal Corportation.

Shri J. Deivasigamany,
Director,

Public Works Department,
Pondicherry-1.
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37.

38.

39.

40.

Shri D. Guin,

Exccutive Engineer,

Panchayat and Rural Works Deptt.,
Sikkim.

Prof. S. Subba Rao,

Professor of Sanitary Engineering,
All India Institute of Hygiene and
Public Health, Calcutta.

Prof. S. V. Patwardhan,

Prof. of Environmental Engincering,
University of Roorkee.

Shri V. Raman,

Head,

Sewage Treatment Division,
National Environmental Engineering
Research Institute,

Nagpur.
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INTRODUCTION

With the march of civilization and the growing social
consciousness of the communities in the country, there has been an
incessant demand for doing away with the existing dry latrines and
replacing the same with sanitary water seal latrines. Further, other
liquid wastes generated by the communities are now carried in open
drains leading to severe environmental problems. To dispose of these
liquid wastes in a proper and sanitary manner, it would be necessary
to collect them in a system of sewers.

The sewage thus collected has perforce to be disposed of in
a body of water, like stream, river, lake or sea. However, proper
care has to be ensured that it does not interfere with the other uses
of these water bodies, like water supply, recreation, pisciculture etc.
Pollution caused by sewage is perhaps more important from the
point of view of the health of the community as it contains a number
of causative agents for many dangerous diseases, which can easily
spread through the water supply systems.

The concern for crying a halt to the menace of pollution of
our water environment before it reaches unmanageable proportions
has already culminated in the enactment of the Central legislation
“Water (Prevention and Control of Pollution) Act, 1974”. The
most logical solution to arrest the deterioration of the environment
lies in the provision of appropriate and adequate treatment facilities
for the sewage.

The desirability of viewing water supply and sewerage as
an integrated whole is quite obvious in Public Health Engineering
practice. There has been a long felt need for forging uniformity
in planning, design and construction of sewerage and sewage
treatment facilities. With this objective in view, this Manual on
Sewerage and Sewage treatment lays emphasis on the various
pertinent aspects for execution of a comprehensive sewage collection
and treatment scheme to serve the interest of the practising Public
Health Engineer.

This Manual has considered the recent technical advances
and trends in the field of sewerage and sewage treatment and has
incorporated them as appropriate to Indian conditions.

As adopted in the Manual on Water Supply and Treatment,
all units of measurements, operational parameters and design
criteria have been furnished in the metric system. A table of
conversion factors has been included in the appendices for easy
verification wherever needed. Other appendices contain useful
information which will serve as a guide for solving the problems
encountered in the field.

(xix)
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CHAPTER 1
SURVEY AND INVESTIGATION

Survey and investigation are prerequisites
both forthe framing of the preliminary report
and the preparation of a detailed sewerage proj-
ect. The engineering and policy decisions taken
are dependent on the correctness of the data
collected and its proper evaluation.

1.1 BASIC INFORMATION

For an effective investigation, a broad knowl-
edge of the problems likely to be faced during
the various phases of implementation of the pro-
ject is essential. Information on physical, deve-
lopmental, fiscal and other aspects has to be
oollected.

1.1.1 Physical Aspects

These would necessitate the collection of
information relating to 1

(i) topography or elevation differences necded
for design of sewers and location of
outfall and disposal works;

(ii) subsoll conditions, such as types of
strata likely to be  encountered, depth
of ground water table and its fluctuations.
In the absence of any records, data
should be collected by putting at least
3 trial bores or trial pits per hectare;

(iit) underground structures like storm drains
and appurtenances, city survey stones and
utility services like house connections for
water supply and sewerage, electric and
telephone cables and gas lines; and

(iv) locatfon 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 from Survey
of India If available with existing spot levels,
aerial photographs and photographs of complex
sutfaces for supplementing the existing instry-
mental surveys by concerned authorities like
Municipalities and Road Departments.

1.1.2 Developmental Aspects
The following considerations
taken into account @

(i) types of land use, such as commercial,
industrial, residential and recreational;

should be

(ii) density of population, trends of popu-
lation growth and demographic studles;

(iii) type and number of industries for de-
termining quantity and nature of wastes
and location of their discharge points;

(iv) existing drainage and sewerage faci-
litles and data relating to them;

(v) flow in existing sewers and sewers of simi=
lar areas to assess the flow characteristics;

(vi) historical and socio-economical data;and
(vii) basis of design and information on
the malintenance of existing sewers.

Possible sources of information are census
records, town and metropolitan master plans
regional planning records, land use plans, flow
gauging records, stream flow records, meteoro-
logical data, industrial survey records and re-
ports of the Water pollution prevention Boards.

1.1.3 Fiscal Aspects

The varlous factors that will have an impor-
tant bearing are:
(1) existing policles or commitments of
obligations which may affect the finan-
cing of the profect;

(i1) outstanding loan amounts and instal-
ments of repayments;

(iii) availability of Central and State loans,
grants-in-ald, loans from other financing
bodies such as Life Insurance Corpo-
ration, Industrial Development Corpora-
tion, International Bank for Reconstruc-
tion and Development and other Banks;

(iv) present water rates and sewer-tax and rev-
enue realised from them, size of property
plots and land holdings, the economic
condition of the community with res-
pect to their tax-paying capacity; and

(v) factors affecting the. cost of construction,
operation and maintenance.

Some of the information can be obtained
from the records relating to Municlipal 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.

1.1.4 Other Aspects

The considerations that are likely to influence
are:

(1) changes in political boundaries by physical
acquisition or merger of adjacent comm-
unities or by possible extensfon of limits;

(ii) feasibility of multi-reglonal or multi-
municipal systems ;

(iif) prevalling water pollution prevention
statutes, other rules and regulations
relating to discharge of industrial and
domestic wastes ;

(iv) present status of the governmental,
semi-governmental or municlpal autho-
rity sponsoring the project, its capacity,
adequacy and effectiveness ; and the
desirability of its modification or neces-
sity of a new organisation to satisfactorily

implement and maintain the project; and



(v) the inconveniences likely to be caused
to the community during execution
and the feasibility of minimising them
by suitable alignment or location of the
componeants of the system.

Possible sources of information are National
Acts, State and Municipal Laws and Byelaws,
minutes of the past meetings of the muanicipal
or other governing bodles and discussions with
?iﬁcials, muanicipal councillors and other local
eaders.

1.2 PROJECT SURVEYS
1.2.1 Preliminacy Project Surveys

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

1.2.2 Detailed Project Surveys

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

1.3 CONSTRUCTION SURVEYS

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

1.3.1 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, bypasses
and protective fencing should also be laid out
and constructed prior to undertaking sewer
construction work. All layout work must be com-
pleted and checked before construction begins.

1.3.2 Setting;line and Grade

The transfer of line and grade from control
points, established by the engineer, to the con-
struction 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
7.1.3. :

The procedure for establishing line and
grade where tunnels are to be employed in sewer
systems are discussed in 7.1.2.3, ‘

1.4 INVESTIGATIONS

Investigations may take many forms but
generally are directed towards determining the
most feasible and practical method of achieving
a desired result. On small sewer projects, they
may involve not more than an on the spot declsion
to use -conventional minimum standards for a
simple gravity extension of an existing system.
Larger projects, on the other hand, may havé
several alternatives, all of which must be consi-
dered. Projects envisaging relief to existing
systems demand extensive studies for deciding
the design capacity and the most appropriate
solution.

Proper investigation {s a prerequisite for
resolving, inter alia, the following :

(f) extent of areato be served, pattern of
present and future land use, zonal plans
of the area with reference to regional
sewer plan;

(ii) general arrangement of the system needed
and easements required for this arran-
gement]

; (iti) proportion of combined flow to be
intercepted for treatment from an exlst-
ing combined system and possibility
of reducing the combined flow;

(iv) estimated present and future flows;

(v) storm frequency or pattern to be adopted
for storm sewer designj

(vl) multiplicity of discharge and treatment
points for the whole project; v

(vil) requirements of other agencles (national,
state or local highway departments and
railways) particularly with reference
to specific locations for crossing, rights-
of-way, installation and detalls of mate-
rials of constructions;

(viii) deep  gravity sewers along clrcuitous
routes  versus shallow sewers with
large number of lift stations;

(ix) alternative materlals to be used for
sewer construction;

(x) cost of construction and operation of
the project and ways and means of
financing it like taxes, levies and deben-
tures; and

- (xi) necessity of establishlng‘ a new autho-
rity, such as an autonomous board.



CHAPTER 2

PROJECT PREPARATION

Preparation of sewerage projects is normally
done by the State public health engineering autho-
rity on behalf of the local bodies excepting the met-
ropolitan towns and large industrial undertakings
that have separate design organisations for the
purpose. The sewerage project needs approval
from the competent government authority either
at the State or Central level before it is taken up
for execution. It is essential, for efficient and
speedy execution, that the project is prepared
in detail after proper investigation and includes
the technical, financial and administrative aspects
glving due consideration to economy, accuracy
and soundness.

An accurate estimate of both capital and
running costs of the project is particulatly neces-
sary as the Sewerage projects are not directly
revenue yielding and are normally funded
by loans. At all stages of the preparation of the
project and its scrutiny, it is very essential that

_technical and financial implications of possible
alternatives are borpe in mind. This will entall
examination of alternative routes for sewers, the
choice of suitable materials, different diameters
of conduits and their gradients. _The cholce
may be between open cut (with or without shor-
ing) and tunnelling or deep gravity sewers
and pumping. The design engineer should kee
himself abreast of uptodate costs of materials
and construction so that thc alternatives can
be compared both from the technical and economic
considerations.

2.1 PROJECT REPORTS

The project reports are prepared fn two
stages, the preliminary and the detailed ones.
The former is undertaken when the local body
concerned decldes to provide sewerage and sewage
treatment facilities, either as a new system or
as an improvement to an existing system and
makes the necessary authorisation to the public
health engineering authority through the appro-
priate channels. After the appropriate authority
has scrutinised and selected the best alternative
from the preliminary report, the public health
englineering authority is directed to prepare the
detafled project report.

2.1.1 Preliminary Project Report

This report, based on the survey and investi-
gations referred to in Chapter 1, should contain

briefly @

(a) a historical retrospect leading to the
justificatfon of the project;

(b) description of existing facilities, if
any;

(c) population studies, analysis and pre-
diction  based on a critical appralsal
of available demographic data for at
least five preceding decades;

(d) location of the water supply head-
works for this area and the neighbouring
communfties;

() avallabllity of piped water supply in
the area, present and anticipated per
capita water supply;

() t<{>tal sewage flow—present and prospec-
t Ve,

(g) discussion of different possible disposal
points and their comparative merits;

(b) review of the different possible methods
of treatment;

~ (j) cngincering  features and economical

aspects of the sewer system, an index
and a general layout plan with contours
at intervals of 2m alongwith a schematic
diagram;

(k) basis for computation of surface runoff,
dralnage area and siting of storm sewage
overflow, wherever necessary;

(1) number and location of pumping stations
with static and frictional heads on pumps,
pump dutles and velocities in rising
mains;

(m) a comparison of total costs of the alter-
natives involved—both capital and maint-
enance, under major subheads;

(n) the most satisfactory alternative for the
project as recommended;

(p) probable stages of construction, procure-
ment of proprietary materials for the
project and any special problems relating
thereto; and

(q) fiscal aspects of the problem including
the annual malntenance charges together
with the annuities on the capital loan
within the assumed period of repayment,
financial commitments to the community,
repaying potential and methods of ralsing
the capital for the project.



2.1.2 Detailed Project Report

This report is drawn up after a detailed
ficld survey and investigation is carried out (1.2.2
and 1.4). In addition to the data included in the
preliminary project report, this would contain
detailed zonal plans with contours of 1m intervals,
detailed design calculations and working drawings
for various structures and other components,
detalled hydraulic calculations for the sewers,
longitudinal sections of all peripheral, main and
trunk sewers and layout plans for the different
treatment units.

2.1.2.1 Capital cost

The detailed estimates of capital costs would
include the following:

a detailed bill of quantities for the differ-
ent components of the project; an abstract
estimate of cost showing priced schedule of
quantities with inclusive rates for the several
items under each component; and

a gencral abstract of estimate for the
entire project based on the individual esti-
mates, based on an itemised schedule of costs
dealing with each component of the
project, viz.,

(i) cost of sewerage system, Zonewise;

(ii) cost of pumping stations and pumping

equipments;
(iii) cost of pumping mains;
(iv) cost of trcatment works, unitwise;

(v) cost of power lines and telephone facilities
to be laid;

(vi) cost of approach roads;
(vii) cost of land acquisition;

(viii) provision for special tools and plant
and all ancillary items and equipments
contingent on the proper execution
of the project;

(ix) contingencies and unforeseen works:;
and

(x) ccntage charges,

2.1.2.2 Recurring costs

The estimated cost of the ammual maintenance
of the project should also be worked out separately
to include the cost of necessary technical and
non-technical staff for the operation and main-
tenance, energy charges for the running of pump-
sets and other machinery, the cost of spares,
consumable stores and replacements and the
cost of chemicals envisaged in the treatment

of the sewage asalso the annuity on the capital
loans based onthe assumed period of repayment
and the rate of interest. Contribution towards
depreciation of the plant and machinery should
also be indicated.

2.1.3 Plans

The following procedure is recommended
for the nomenclature of sewers : -

The trunk sewer should be selected first

and drawn and other sewers should be con-
sidered as branches. The trank sewer should
be the one with the largest dia that would
cxtend farthest from the outfall works-
Whenever two sewers meet at a point, the
main sewer is the larger of the incoming
sewers. The manholes of the trunk sewer
are designated as 0, 1, 2, 3, etc., commencing
at the lower end (outfall end) of the line
and finishing at the top end. Manhole
on the mains or submalns are again numbered
1, 2, 3, etc., prefixing the number of the
manhole on trunk/main sewer where they
join (e.g. 3.2 represents the second manhole
on the main sewer from the manhole no. 3 on
the trunk sewer). When all the sewer lines
connected to the main linchave thus been
covered by giving distinctive numbers to the
manholes, the manholes on the further
branches to the branch mains are similarly
givendistinctive numbers, again commencing
with the lower end. If there are two branches,
one on each side meeting the main sewer or
the branch sewer, letter ‘L’ (to represent left)
or letter ‘R’ (to represent right) is again
prefixed to the numbering system, reckoning
against the direction of flow. If there is
more than one Sewer efther from the left
or right, they are suitably designated as
L,, L,, R;, R;, the subscript referring to
the line near to the sewer taking away the
discharge from the manhole.

Thus L;.R.4.2.3 (Figure 2.1) will pinpoint
a particular manhole on the submain from which
the flow reaches manhole number no. 4 on the
trunk sewer through a submain and a main,

The first numeral (from the left) is the number
of the manhole on the trunk sewer. The numerals

on the right of this numeral, in order, represent
the manhole numbers in the main, submain ete.
respectively. The first letter immediately pre-
ceding the numeral denotes the main and that it
is to the right of the trunk sewer. Letters to the
left in their order represent submain, branch
respectively. The same nomenclature Is used for
representing the sections e.g. Section L,.R.4.2.3
identifies the section between the manhole Ly.R.
4.2.3 and the adjoining downstream manhole.

¥
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All longitudinal scctions should be indicated
with reference to the same datum line. The ver-
tical scale of the longitudinal sections should be
magnified ten times the horizontal scale.

Once the rough scctions have been prepared,
the designer should go over the work for impro-
ving the spacing of manholes, the sizes and
gradients of the sewersand so forth, economising
on materials and excavation to the extent possible
but at the same time making sure that the sewer
will serve all users and that theycan be actually
laid according to the alignments shown in the
drawing and have sufficient gradients. The
sewers should have a minimum cover of I m at
the starting point or otherwise adequately pro-
tected with cement concrete encasing.

The following scales may be adopted for
the various plans and drawings:

{a) Index plan 1:100,000 or 1:200,000

(b) Keyplan & general layout  1:10,000 or 1:20,000
plan.

(¢) Zonal plans 1:2,500 or 1:5,000

(d) Longitudinal  sections of 1:600 or 1:1,250 or
SEWETrS, 1:2,500

(e) Structural drawings . 1:20 or 1:50 or 1:100

or 1:200.

The sewers should be shown as thick lines
and manholes as small circles in plan. In seetion
the scwer may be indicated by a line or two lines
depending upon the diameters and scales adopted.
Grade, size and material of pipe, ground and

6

invert levels and extent of concrete protection
should be indicated as shown in Figure 2.2.

Standard vertical plan filing systems are
now available and arc very convenient for storipg
of plans and taking them out quickly for refer-
ence. Normally, size A0 and Al (trimmed size
841 X 1189 mm and 5%4x 841 mm respectively)
should be used wiile submitting the project draw-
ings for approval.

All documents including drawings, design
calculations, measurement shests of cstimates,
etc., should be in metric system. In drawings,
length should be indicated either entirely in
metres correct upto two decimals or entirely in
millimetres (for thickness etc.). If this practice
is followed, units would be obvious and in cer-
tain cases writing of m or mm with the figure can
be omitted. The flow should normally be indi-
cated in litres per second (lps) or cubic metres
per hour (m3/hr) except for very large flows which
may be indicated in cubic metres per second
(cumec). For uniformity, Ips for sewage flows
and cumec for storm flows is recommended.
For all practical purposes one cubic metre may
be taken as 1,000 litres. Similarly, areas in sewer
plans and design calculations may be indicated
in hectares (ha).

While writing figures they should be grouped
into groups of three with a single space between
each group and without comma. In case of a
decimal number, this grouping may be on ecither
side of the decimal (e.g. 47 342.294 31).



CHAPTER 3
DESIGN OF SEWERS

~ Sewerage Systems can compose of a system of
separate sanitary sewers and storm sewers, a
system of combined sewers or a system consisting
of sanitary sewers, part storm sewers and part
combined sewers.

Combined sewcrage system invariably suffers
from the disadvantages of sluggish flow during
most part of the year leading to deposition of
sewage solids and creating foul and offensive
conditfons. In view of this, the combined system
is normally not recommended in modern designs,

3.1 ESTIMATE OF SANITARY SEWAGE

Sanitary sewage is mostly the spent water of
the community draining into the sewer system with
some ground water and a fraction of the storm
run-off from the area, draining into it. The sewers
should be capable of recciving the maximum
discharge expected at the end of design period.
The provision, however, should not be much in
excess of the actual discharge in the early years
of its use to avoid deposition in sewers. The
estimate of flow, therefore, requires a very
careful consideration and is based upon the contri-
butory population and the per capita flow of
sewage, both the factors being guided by the

design period.

3.1.1 Design Period

Since it is both difficult and uneconomical to
augment the capacity of the system at a later date,
sewers are usually designed for the maximum
expected discharge to meet the requirements of
the ultimate development of the area. Thus, the
population estimate is guided by the anticipated
ultimate growth rates which may differ in the
different zones of the same town.

A design period of 30 years for all type of
sewers is recommended.

3.1.2 Population Estimate

There are several methods used for fore-
casting the population of a community. ’!‘he
most suitable approach is to base the estimation
either on anticipated ultimate density of population
or on Floor Space Index.

In case the desired information on population
is not available in the Master Plan of the town, the
following densities are suggested for adoption :

Density of population

Size of town (Population)
per hectare

. Upto 5,000 75—150
5,800 to 20,000 150—250
20,000 to 50,000 250—300
50,000 to 1,00,000 . 300—350

350—1000

Above 1,00,000

In cities where Floor Space Index (FSI) or
Floor Area Ratio (FAR) limits are fixed by the
municipality, this approach may be used for

working out the population density. FSI or
FAR is the ratio of total floor area (of all the
floors) to the plot area. The densities of popula-
tion on this concept may be worked out as in the
following example :

Assume that a particular Development Plan
Rules provide for the following reservations for
different land uses.

Roads . . . . . . 20%

Gardens . . . . . : 15%
Schools (including playgrounds) . . 5%
Markets : . . . . . 2%
Hospital and Dispensary . . . 2%

44%

Area available for Resi- =562
dential  Development
(100-44).
Actual totalfloor area  =Area for residential deve-
lopment x FSI.

Assuming an FSIof 0-5
and floor area of 9 ms/

person,
Number of persons or 0-56 x 10000 x 0-5
density per hectare. = =311
9
3.1.3 Area

The tributary area for any section under
consideration needs to be marked on a key plan,
The topography, layout of buildings, legal limi-
tations, etc., determine the tributary area draining
to a sewer section. The areca is to be measurcd
from the map.

3.1.4 Per Capita Sewage Flow

Although the entire spent water of a com-
munity should contribute to the total flow in a
sanitary sewer, it has been observed that a smal]
portion is lost in evaporation, seepage in ground,
leakage, etc. In some arid areas, the fraction
reaching the sewers may be as low as 40% while
for an intensely developed area, it may be as high
as 90%. Generally, 80% of the water supply
may be expected to reach the sewers unless there
is data available to the contrary.

The sewers should be designed for a minimum
of 150 litres per capita per day.

Industries and commercial buildings often
use water other than from the municipal supply
and more often discharge their liquid wastes into
the sanitary sewers. In such cases, deviations
from the general values may occur and estimates
of such flows have to be made separately. It is
however, desirable that when the industrial waste
is fairly large, it is segregated and disposed of
in a suitable manner or treated suitably before
discharge into sewers,



3.1.5 Storm Runoff

Sanitary sewers are not expected to receive
storm water. Strict inspection and vigilance and
proper design and construction of sewers and
manholes should eliminate this flow or bring
it down to a very insignificant quantity.

3.1.6 Ground Water Infiltration

Estimate of flow in sanitary sewers may
include certain flows due to infiltration of ground
water through joints. The quantity will depend
on workmanship in laying of sewers and height
of the ground water table. Since sewersare design-
ed for peak discharges, allowance for ground
water infiltration for the worst condition in the
area should be made. Suggested estimates for
ground water infiltration for sewers laid below
ground water table are as follows :

Minimum Maximum

1pd/hectare . . . . 5,000 50,000
1pd/km of sewer/cm dia . . 500 5,000
1pd/manhole . . . . 250 500

With improved standards of workmanship
and quality and availability of various construction
aids, these values should tend to the minimum
rather than the maximum. These values should
not mean any relaxation on the water tightness
test requirements in 7.1.5.

3.2 ESTIMATE OF STORM RUNOFF

Storm runoff is that portion of the precipita-
tion which drains over the ground surface. Esti-
mation of such runoff reaching the storm sewers
therefore is dependent on intensity and duration
of precipitation, characteristics of the tributary
area and the time required for such flow to reach
the sewer. The storm water flow for this
purpose may be determined by using the
rational method, hydrograph method, rain-
fall-runoff correlation studies, digital computer
models, inlet method or empirical formulae.

The empirical formulae that are available for
estimating the storm water runoff can be used
only when comparable conditions to those for
which the equations are derived initially can
be assured.

A rational approach, therefore, demands a
study of the existing precipitation data of the
area concerned to permit a suitable forecast.
Storm sewers are not designed for the peak flow of
pare occurence such as once in 100 years or more
but it is necessary to provide sufficient capacity
to avoid too frequent a flooding of the drainage
area. . Therc may be some flooding when the
precipitation exceeds the design value which has
to be permitted. The frequency of such permissible
flooding may vary from place to place, depending
on the importance of the area. Flooding at any
time, however, causes inconvenience to the citi-
zens but they may accept it once in a while consi-
dering the savings affected in storm drainage costs.

The maximum runoff which has to be carried
in a sewer section should be computed for a condi-
tion when the entire basin draining at that point
becomes contributory to the flow and the time
needed for this is known as the time of concentra-
tion (tc) with reference to the concerned section.
Thus for estimating the flow to be carried in the
storm sewer, the intensity of rainfall which lasts
for the period of time of concentration is the
one to be considered contributing to the flow of
storm water in the sewer. Of the different methods,
the rational method is more commonly used.

3.2.1 Rational Method

3.2.1.1 Runoff-rainfall intensity relationship

The entire precipitation over.the drainage
district does not reach the sewer. The characteris-
tics of the drainage district such as imperviousness,
topography including depressions and water po-
ckets, shape of the drainage basin anq duration
of the precipitation determine the fraction of the
total precipitation which will reach the sewer.
This fraction known as the coefficient of runoff
needs to be determined for each drainage district.
The runoff reaching the sewer Is given by the
expression,

Q=10 CiA (3—1)
where Q is the runoff in m3/hr;

‘C’ is the coefficient of runoff;

i’ is the intensity of rainfall in mm/hr; and
‘A’ is the area of drainage district in hectares,

3.2.1.2 Storm frequency

The frequency of storm for which_the sewers
are to be designed depends on the importance
of the drainage area. Commercial and industrial
areas should be subject to less frequent flooding
than the residential areas. In view of the present
economic conditions, the suggested frequency of
flooding in the different aeas is as follows :

(a) Residential areas—

(i) Periphcral arcas . . . twicea year;

(i) Central and comparatively
high priced areas. . .

once a year.

(b) Commercial and high priced once in 2 years,
areas.

3.2.1.3 Intensity of precipitation

The intensity of rainfall decreases with dura-
tion. Analysis of past records over a period of
years of the observed data on intensity-duration of
rainfall in the area is qecessary.to arrive at a fair
estimate of the intensity-duration for given fre-
quencies. The longer the record available, the
more dependable is the forecast.

Table 3.1 gives the analysis of the frequency
of storms of stated intensities and durations during
26 years for which rainfall data were available
for a given town. .

A&
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Table 3.1
D:ration No. of storms of stated intensity or
in more for a period of 26 years
inute:
Minutes 0 35 40 45 50 60 75 100 125 mm/hr
5 100 40 18110 2
10 9 72 41 25710 5 1
15 82 75 45 20412 5 1

20 83 62 51 31[10 9 4 2
30 73 40 22|10 8 4
40 34 1678 4 2 1
50 1478 4 3 1

60 8 4 2 1
90 4 2

The stepped line indicates the location of the
storm occurring once in 2 years, i.e. 13 times in
26 years. The time-intensity values for this fre-
quency are obtained by intefpolation and given
in Table 3.2 :

[ 5]

Table 3.2
i (mm/hr) t (min)
30 51-67
35 43-75
40 36-48
45 28-57
50 18-50
60 14-62
75 8-12

The relationship may be expressed by g
suitable mathematical formula, several forms of
which are available. The following two equations
are commonly used :

a
() i= —mm— .. .. (3=2)
[t
a
() i= —m— .. .. 33
t+b :
Where .
i=intensity of rainfall (mmj/hr);

t=duration of storm (minutes); and
a, b & u are constants. :

The available data on i and t are plotted on
arithmetic paper (the second equation. permits a
straight line plot with the reciprocal of ‘i’ plotted
against t"). The values of the intensity, (i), can
then be determined for any given time of con-
centration, (t.).

3.2.1.4 Time of concentration

It is the time required for the rain water to
flow over the ground surface from the extreme
point of the drainage basin and reach the point
under consideration. Time of concentration
(t.) is equal to inlet time (t;) plusthe time of flow
in the sewer (t). The inlet time is dependent on the
distance of the farthest point in the drainage
basin to the inlet manhole, the shape, characteris-
tics and topography of the basin and may generally
vary from 5 to 30 minutes. In highly developed
sections, the inlet time may be as low as 3 minutes.

The time of flow is determined by the length of the
sewer and the velocity of flow in the sewer. 1t is
to be computed for each length of sewer as it is
designed.

3.2.1.5 Coefficlent of runoff

The portion of rainfall which finds its way
to the sewer is dependent on the imperviousness and
the shape of tributary area apart from the duration
of storm.

. (a) IMPERVIOUSNESS

The percent imperviousness of the drainage
area can be obtained from the records of a partj-
cular district. In the absence of such data, the
following may serve as a guide :

Type of area Percentage of
imperviousness
Commercial and Industrial areas 70 to 90
Residential Area :
(i) High density 60 to 75
(ii) Low density 35 to 60
Parks & undeveloped areas 10 to 20

The weighted average imperviousness of
drainage basin for the flow concentrating at
a point may be estimated as

ALLHA L+ L.,

A +A+ L.
where,

A,, A, =drainage areas tributary to the
. section under consideration;
I,, I,, =imperviousness of the respective
_ areas! and .
1 =weighted average imperviousnesg
of thetotaldrainage basin

(b) TRIBUTARY AREA

For each length of storm sewer, the drainage
area should be indicated clearly on the map and
measured. The boundaries of each tributary
are dependent on topography, land use, nature of
development and shape of the drainage basins
The incremental area may be indicated separatelj}
on the compilation sheet and the total area com-
puted.

(c) DURATION OF STORM

Continuously long light rain saturates the
soil and produces higher coefficient than that due
to heavy but intermittent rain in the same area
because of the lesser saturation in the latter case,
Runoff from an area is significantly influenced by
the saturation of the surface nearest the point of
concentration rather than the flow from the distant
area. The runoff coefficient of a larger area has to
be adjusted by dividing the area into zones of
concentration and by suitably decreasing the co-
efficient with the distance of the zones.

(d) COMPUTATION OF RUNOFF COEFFICIENT

The weighted average runoff coefficients for
rectangular arzas of length four times the width
as well as for sector shaped areas with varying
percentages of impervious surface for different



times of conczntration are given in Table 3.3,
Although these are applicable to particular shapes
of area, they also apply in a general way to the
areas which are usually encountered in practice.
Errors due to difference in shape of drainage are
within the limits of accuracy of the rational me-
thod and of the assumptions on which it is based.

A typical example of the computation of
storm runoff is given in Appendix-4.
3.3 SEWER DESIGN

Sewers while carrying the waste water dis-
charge for which thsy are designed have also to

10

transport suspended solids in such a manner that
deposition and odour nuisance therefrom are kept
to a minimum. Sewers are almost exclusively
designed for flows with free water surface and self
cleansing velocities. Pressure sewers, including
siphons, should bz avolded as far as practicable.

3.3.1 Flow Assumptions

The flow in sewers varles considerably from
hour to hour and also seasonally but for purposes
of hydraulic design it is the estimated peak flow
that {s adopted.

Table 3.3
Runoff coefficlents (After Horner)

Duration, t, minutes 10 20 30

45 60 75 90 100 120 135 150 180

Weighted average Coefficients
(1) Sector concentrating in stated time
(a) Impervious

. . +525 -588 -642

(b) 60% Impervious . . . -365 -427 -471
() 407:Impervious . . . -285 -346 -395

(d) Pervious . . .

(2) Rectangle (length=4 x width) con-
centrating in stated time

-125 -185 -230

(a) Impervious . . . . +550 -648 -711

(b) 509 Impervious . . . +350 -442 -499
(c) 30% Impcrvious . . . 269 -360 -414
(d) Pervious . . . . . 149 -236 -287

The peak factor or the ratio of maximum to
average flows, depends upon the contributory
population and the following values are recom-
mended :

Contributory Population Peak Factor

Upto 20,000 . . . . 3' s
20,000 to 50,000 . . . . 25
50,000 to 7,50,000 . . 2-25
Above 7,50,000 . . . . 2:0

3.3.2 Self-Cleansing Velocity

It is necessary to maintain a minimum velocity
or ‘self-cleansing velocity’ in a sewer to ensure
that suspended solids do not deposit and causz
nufsance. Self-cleansing velocity is determined by
considering the particle size and the specific
welght of the suspended solids in sewage (refer to
11.2.5.4. Grit Removal). A minimum velocity of
0.8mps at design peak flow In the sanitary sewers
is recommended subject to a minimum velocity
of 30.363mp5 for present peak flows as discussed
in3.3.3.

3.3.3 Velocity at Minimum Flow

To avold steeper gradlents which will require
deeper excavations, it has been the practice to
design sewers for the self-cleansing velocity at
ultimate peak flows. This is done on the assump-
tion that although silting might occur at minimum
flow, the silt would be flushed out during the
peak flows. However, the problem of silting
may have to be faced in the early years, parti-
cularly for smaller sewers which are d:signed to
flow half-full, as the actual depth of flow then is
only a small fraction of the full depth. Similarly

<700 -740 -771 -795 -813 -828 -840 -850 -865

531 -569 :598 -622 -641 -656 -670 -682 -70%
<446 -482 512 -535 -554 -571 -585 -597 -618
<277 +312 -330 -362 -382 -399 -414 -429 -454

<768 -808 -837 -856 -869 -879 -887 -892 -903
+551 . -59 -618 -639 -657 -671 -683 -.694 -713
-464 -502 -530 552 -572 -588 -601 -614 -636
+334 -371 -398 -422 -445 -463 -479 -495 -522

upper reaches of laterals pose a problem as the

flow only partially full even at the ultimate design
flow, because of the necessity for adopting the
prescribed minimum size of sewer.

It has been shown that for sewers running

artially full, for a given flow and slope, velocity
s little influenced by pipe dlameter. It is, there-
fore, recommended that for present peak flows
upto 30 Ips, the slopes given in Table 3.4 may be
adopted, which would ensure a minimum velocity
of 0.60 mps in the carly years.

Table 3.4
Present peak flow.in lps Slopes per 1,000

2. . . . . 6

3. . . . . 4-0

1(5) . 3-1
2:0

15 . 1-3

20 . . . . . 1-2

30 1-0

After arriving at slopes for present peak
flows, the pipe size should be decided on the basis
of ultimate design peak flow and the permissible
depth of flow.

3.3.4 Erosion and Maximum Velocity

Erosion of sewers is caused by sand and
other gritty material in the sewer and also by
excessive velocity. Velocity in a sewer is recom-
mended not to exceed 3.0. mps.

3.3.5 Minimum Size

Minimum diameter for a public sewer shall be
150mm. However, recommended practice is to
provide 200mm minimum size. Minimum size for
hjlly areas where extreme slopes are prevalent
may be 100 mm.



3.3.6 Hydraalic Formalae

For open channel flow, Kutter's or Manning’s
formula may be used for designing slope and
diameter of a sewer line to carry the design flow
at a stated velocity. Manning’s formula which is
simpler and used more commonly is— =

- _111 & d
For circular conduits—
v= 3.968x103xdix L xs?
n

and Q=3.118x 104 xd s x 1 xs?

n
where

Q=dlscharge in Ips

s=slope of hydraulic gradient
d=dia of pipe in mm
r=hydraulic radius in m
v=velocity in mps
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A reduction in the value of n has been re-
ported with Increase in dia. For cement concrete
pipes of dia 600mm and above, 0.013 may be used.

3.3.7 Depth of Flow

From constderations of ventilation in waste
water flow, sewers should not be designed to run
full; upto 400mm dia sewers may be designed to
run at half depth; 400 to 900 mm at two-thirds
depth; and larger sewers at three-fourths deptn at
ultimate peak flows. The chart for Manafng’s
formula in the Appendix 5 gives the discharges
and the velocities when sewers are running full,
These figures require to be modified for partial
flow conditions. The relation.between flow ratio
and velocity ratio with the depth ratio is given
in Fig. 3.1 and Table 3.6,

Table 3.6
Hydraulic Properties of Circular Sections

| . Constant n Variable n
and n=Manning’s coefficient of roughness. ”
A Chart for Manning’s formula is given in _ap i A 9/Q
Appendix 5. 1-0 1-000 1-000 1-00 1-000 1-000
The values of Manning’s coefficient ‘n’ fof 0-9 1124 1-066 1-07  1-056  1-020
different materials are given in Table 3.5. Usually, 0-8 1-140 0-988 114 1-003 0- 890
the values corresponding to fair condition of the 0-7 1120 0838 1-18  0-952  0-712
interior surface are used in design. 0-6 1-072 0-671 1-21 0-890 0-557
Table 3.5 0-5 1-000 0-500 1-24  0-810  0-405
Manning’s Coefficients 0-4 0-902 0-337 1-27 0-713 0-266
0-3 0-776 0-196 1-28 0-605 0-153
) - Conditiorfl of Interior 0-2 0615 0-088 1-27 0-486 0-070
Conduit Matcrial GCS;; ace — 0-1 0-401 0-021 1.22 0-329 0-017
where,
0-012 0-014 D =Full depth of flow (Internal dia)
Salt glazed stoneware 0-013 0-015 d =Actual depth of flow
Cement Concrete 0012 0-013 V=Veilocity a:i ful{Ll d(:.ipth
Cast Iron . . : v=Velocity at depth ‘d’
i . 0-015 =Discharge at full depth
Brick, unglazed ) ((; g:: 0-012 qQ=Discharg'e at depth ‘d’ N
Asbestos Cement . ) n—Manning’s coefficient at full depth
Plastic (Smooth) . . 0-011 0-011 ng=Manning’s coefficient at depth d
1.0} N
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X ‘\9 g "l' 'ﬂ‘ ; T /7
Lo - TeoP . #\ ? L’
5§ e T e P
o 4 rid
vl AR
o2l A oL ,t)
o /o’/'.’."
-4 L
oL = 11 ] \

O 04 02 03 0.4 03 06 07 08 0-9 10 M 12 13
RATIOS OF NYDRAULIC ELEMENTS

v/v,

(74

AND N/a

FIG.3-1 BASIC HYDRAULIC ELEMENTS OF CIRCULAR
SEWERS FOR ALL VALUES OF ROUGHNESS

AND SLOPE.
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3.3.8 Design Approéch

For the present peak. discharge and velocity
of 0.6 mps, the slope and dia are chosen. For
this dia and velocity of 0.8 mps, the discharge
at full depth is found. Depending upon the dia,
the depth ratiois fixed and the corresponding flow
and velocity ratios are found : Q is then determined
and a check is applied to verify whether this
exceeds the actual ultimate peak discharge. Other-
wise, the next higher dia or steeper slope is
selected and adjusted to satisfy the velocity and
fiow requirements.

Appendix 6 glves a worked out example.
3.3.9 Scwer Transitions

Sewer transitions include change in size
slope, alignment, volume of flow, free and
submerged discharge at the end of sewer lines,
passage through measuring and diversion devices
and sewer junctions. Allowance for the headloss
that occurs at these transitions has to be made
in the design.

Manholes should be located at all such
transitions and a drop should be provided where
the sewer {s intercepted at a higher clevation
for streamlining the flow, taking care of the
headloss and also to help in maintenance.
The vertical drop may be provided only. when
the difference betwezn the elevations is more
than 60 cm, below which it can be avoided by
adjusting the slope in the channel in the man-
hole connecting the two inverts,

The following invert drops are recommended:

(a) For sewers less ... Half the differ-
than 400 mm. ence in dia.
(b) 400 mm to 900 mm...... 2/3 the differ-
ence in dia.
(c) Above 900 mm  ...... 4/5 the differ-
ence in dia.

Transition from larger to smaller diameters
should not be made. The crowns of sewers are
always kept continuous. In no case, the hydraulic
flowline in the larger sewers should be higher
than the incoming one:

3.3.10 Backwater Curves

Backwater or drawdown curves resulting
from abrupt changes in sewer slopes or when
there is a free fall or an obstruction to the flow
may be calculated from the following formula:—

(d+hy)

S,—So

where d and h, are the changes in the water
depth and velocity in a length L; Se and So being

the slores of energy grade line and the invert
respectively
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The computations are started from a point
where depth and velocity of flow are known
and L is worked out for diffcrent depths of flow
upto the normal depth.

3.3.11 Force Mains

Sewage may have to be carried fo higher
elevations through force mains. The size of the
main should be determined by takinginte account
the initial cost of pipeline and cost of operation
of pumping for different sizes. Velocities may
range from 0.8 to 3 mps. Hazen & Williams for-
mula is generally used for computing the fric-
tional losses which is expressed as:

v =0.849 cr 0-63 5 0.54

where, v is velocity in mps;

r is hydraunlic radius in m;
s is slope of hydraulic gradient; and

¢ is Hazen and Williams coefficient for
the material of the pipe.

_ The following values of ¢ may be adopted for
design purposes :

(i) Cast Iron . . . . 100
(if) Steel_ .. . . .. 100
(iii) Asbestos Cement . 120
(iv) Cement Concrete . . 110
(v) Plastic(smooth) . . . 120

Losses in valves, fittings, etc., are dependent
upon the velocity head v?/2g. Loss in bends and
clbows depend upon the ratio of absolute
friction factor to dia of plpe, besides velocity
head. Loss due to sudden enlargement depends
upon the ratio of diameters. The losses in bends,
enlargements and tapers are given in 5.2.3
of the companion volume, Manpual on water
supply and treatment (second Edition). In
the actual design of the force mains, it may not
be necessary to compute the losses individually
but the same may be assumed arbitrarily as 5 to
15% of the total frictional losses depending
upon the number of bends, tapers and other fit-
tings. However, for shorter mains with a large
number of bends etc., the actual loss may be
computed and expressed as equivalent lengths
of pipes.

3.3.12 Inverted Siphon

Whena sewer line dips below the hydrau-
lic grade line, it is called an inverted siphon.
The purpose 1s to carry the sewer under the obstruc-
tion and regain as much elevation as possible
after the obstruction s passed. They should be
resorted to only where other means of passing
the obstruction are not feasible as they require
considerable attention in malintenance.” As the
siphons are depressed below the hydraulic grade
line, malntenance of self-cleansing velocity at all
flows is very important. It fs necessary to ascer-
tain the minimum flows and the peak flows for

. design. To ensure self-cleansing velocities for

the wide variations in flows, generally, two or

&
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more pipes not less than 200 mm dia are provided
in parallel so that upto the average flows,
one pipe is used and when the flow cxceeds the
average, the balance flow is taken by the second
and subsequent pipes. The design criteria for
inverted siphons are given in 1S:4111 Part III.
Son:jof the important criteria are given below.

3.3.12.1 Hydraulic calculations

As the inverted siphon is a pipe under pressure,
the difference in the water levels at the inlet and
outlet is the head under which the siphon operates,
This head should be sufficient to cover the entry,
exitand friction losses in pipes.

3.3.12.2 Velocity

It is neoessary to have a_self-cleansing velo-
city of 1.0 mps for the minimum flow to avoid
deposition in the line.

VERS,

:}srm FLOW IN BXCESS OF | AND 2 . WTRS
! SN Ry WEATHER KOV,
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F1G.3.2 INVERTED SIPHON OR SUPPRESSED SEWER (
FOR COMBINED SEWAGE.
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3.3.12.3 Size and arrangement of pipes

In the multiple pipe siphon, the inlet should
be such that the pipes come into action successively
as the flow increases. This may be achieved by
providing lateral weirs with heights kept in ac-
cordance with the depth of flow at which one or
more siphon pipes function. Fig. 3.2 gives the
general arrangement for a three-way siphon.
In the two-pipe siphon, the first pipe should
take 1.25 to 1.5 times the average flow and second
should take the balance of the flow.

3.3.12.4 Inlet and outlet chambers

The design of inlet and outlet chambers
should allow sufficient room for entry for cleaning
and maintenance of siphons. The outlet chambers
should be so designed as to prevent the backflow
of sewage into pipes which are™not being used at
the time of minimum flow.

3.3.12.5 General requirements

Provision should be made for isolating the
individual pipes as well as {the siphon to facilitate
cleaning. This can be done by providing suitable
penstocks or stopboards at the inlet and outlet of
each pipe and by providing stopvalve at its lower
point {fit is accessible. A manhole at each end of
the siphon should{be provided with clearance for
rodding. The rise, out of the siphon for small
pipes should be on a”moderate slope so that sand
and other deposits may” be moved out of the
siphon. It is desirable to provide a coarse screen
to prevent the entry;of rags etc., into the siphon.

Proper bypass arrangements should be pro-
vided from the inlet chamber to a nearby stream
if permitted by the pollution control authority ;
otherwise special arrangements shouldbe made
for pumping the sewage to the_ lower reach of
the sewer line.



CHAPTER 4
SEWER APPURTENANCES

Sewer appurtenances are devices necessary, in
addition to pipes and condulits, for the proper
functioning of any complete system of sanitary,
storm or combined sewers. They include structures
and devices such as varlous types of manholes,
lamp-holes, gully traps, intercepting chambers,
flushing tanks, ventilation shafts, catch-basins,
street inlets, regulators, siphons, grease traps,
side flow weirs, leaping weirs, venturl-flumes and
outfall structures.

4.1 MANHOLES
4.1.1 Ordinary Manholes

A manhole is an opening constructed on the
alignment of a sewer for facilitating a person
access to the sewer for the purpose of inspection,
testing, cleaning and removal of obstructions
from the sewer line.

4.1.1.1 Spacing

Manholes are generally provided on straight
reaches at convenlent spacings which depend
on the size of the sewers. The larger the dlameter
of the sewer, the greater may be the spacing between
two manholes. The spacing between the mahnoles
will also depend upon the nature of sewer cleaning
devices in use. The straight runs between manholes
are limited in length to 30m for sewers upto
300 mm india where manual rodding s adopted.
For large sewers, they may go vpto 100 m or
more. These limits can be considerably relaxed
for sewers sufficiently large permitting entry for
inspection, cleaning or repair with access man-
ho{;s placed quite far apart either symmetrically
above the sewer or tangentially to one side.
Apart from these manholes on straight reaches,
manholes shall also be provided at the start of
a sewer, at all junctions, at all points of change of
alignment and at all points of change of gradi-
ent. When twin or multiple box sections are used,
separate manholes for each conduit shall be pro-
vided.

4.1.1.2 Shape™and size 3

Manholes are generally circular, square or
rectangular in shape. The inslde dimension
should be adequate to permit inspection and
cleaning operations without difficulty. A minimum
inside dimension of 120cm X 90 cm for manholes
is usually recommended except for shallow man-
holes upto depths of 1.35 m, where minimum
allowab'e width may be reduced from 90cm to
75¢cm.

4.1.1.3 Construction™details

Manholes are usually constructed directly
over the centre line of the sewer. For larger
sewers the manhole is preferably copstructed at a

tangent to the side of the sewer for better acc-
essibility. The manholes for very large sewers
may be located over the centre line of the sewer
with a suitable landing platform offsetting from
an opening in the sewer itself.

The opening for entry into the manhole
should be of such minimum dimensions as to
allow a workman with the cleaning equipments
to get access into the interior of the manhole
without difficulty. A circular opening is generally
preferred. A minimum clear opening of 50 cm
is reccommended. Sultable steps usually of mallea-
ble cast iron shall be provided for entry.

A slab, generally of plain cement 'concrete
at least 150 mm thick should be provided at
the base to support the walls of the manhole
and to prevent the entry of ground water.
The thickness of the base slab shall be suitably
Increased upto 300 mm, for manholes on
large dia sewers, with adequate reinforcement
provided to withstand excessive uplift pressu-
res, Inthe case of larger manholes, the flow in
the sewer should be carried in U-shaped
smooth channel constructed integrally with
the concrete base of the manhole. The
side of the chanmel should be equal to the
dia of the largest sewer pipe. The adjacent
floor should have a slope of 1 in 10 draining
to the channel. Where more than one
sewer enters the manhole the flow through
channel should be curved smoothly and should
have sufficient capacity to carry the maximum
flow.

It is desirable to place the first pipe joint
outsids the manhole as close as practicable,
The pipe shall be built inside the wall of the
manhole flush with the internal periphery
protected with an arch of masonry or cement
concrete to prevent it from being crushed.

The sidewalls of the manhole are usually
constructed of cement brickwork 250 mm
thick and corbelled suitably to accommodate
the frame of the manhole cover. The
inside and outside of the brickwork shall
be plastered 20 mm thick with 1:2 cement
mortar.

4.1.1.4 Cover and frame

The cover and frame may be of C. I.
or reinforced concrete. 1S:1726 should be
adhered to when these are of C. I. The
manhole frames shall be 53 cm and not be
less than 160 mm thick and be set conforming
accurately to the grade of the pavement.
The frame shall rest on concrete band and
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be set in appropriate concrete mix so that
the space between the top of the manhole
masonry and the bottom flange of the frame
shall be completely filled and made water-
tight. A thick ring of mortar extending to
the outer edge of the masoanry shall be placed

all around the bottom  flange. Heavy
reinforced concrete  covers with  suitable
lifting arrangements could be wused instead

of C. I. manhole covers.

4.1.2 Special Manholes
4.1.2.1 Junction chambers
~ Where two sewers particularly of large
dia intersect, the intersection is made by

means of a brick or concrete structure known
as a junction chamber. The  junction
chamber provides access to the sewer and
also allows the flow from the sewers entering
the chamber to be combinzd without excessive
turbulence and loss of head.

_ The principal jobjective in the design of a
junction chamber i8 to provide a safe and
economical structure which will combine the
flow smoothly without decreasing the velo-
cities appreciably and without causing back-

water conditions in the sewers Seatering
the chamber.
4.1.2.2 Drop Manholes

Thess are provided when the difference
inelevation of the invert lzvels of the incoming
and outgoing sewers of a manhole is more
than 60 cm. Dztails Jare discussed in 3.3.9
and 7.1.8,

4.1.2.3 Flushing manholes

Flushing manholes are located generally
at the head of a sewer. The sewers are
flushed once or twice a day. Sufficient velo-
city shall be imparted in the Sewer to wash
away the deposited solids. The flush s
usually effective upto a distance of about

300 m after which the imparted velocity
gets dissipated.
Flushing operation fshould preferably

be automatic. In case of hard chokages
in the sewers, care should be exercised to
ensure that thereis no possibility of backflow
of sewage into the water supply mains.

The automatic systems which are operated
by mechanical units get often corroded
by the sewer gases and do not generally
function satisfactorily and hence are not
recommended.

Approximate quantities of water needed for
flushing are as follows :

Quantity of water (litres)

Stop: 200 250 300
mmdia mmdia mmdia
~0- 0050 . 2300 2500 3000
8. 8875 . 1500 1800 2300
0-0100 1300 1500 2000
0- 0200 500 800 1000
400 500 700

0-0300
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INVERTED SIPHONS

Inverted siphons although grouped as a
separate head of appurtenances form a type
of diversion structure meant for the purpose
of bifurcation of the flow in  stipulated

4.2

proportions. The details are discussed in
3.3.12.
43 HOUSE SEWER CONNECTIONS

House sewer connections
ferably be150 mm or
minimum slope of 0.025 laid, as far as
possible, to a straight line and grade.
Connections to the main street sewer should
normally be made with Y branches. For
sewers deeper than 5 m, tees are preferable
to facilitate connections at higher elevations,
particularly ~ where  simultaneous  discharge
of house sewers into the street sewer is not
expected and also prevent f§damage while
rodding.

The Y or tee may be installed with the branch
turned about 45° from the horizontal so
that back-flooding of the house connection
will not ooccur when the collecting sewers
flow full. Connections to large sewers are
for the same reason made above the spring
line of the main sewer. The house connec-
tion for deep sewers, where made by means
of a vertical plpe riser, shall be encased
in concrete at least 75 mm thick and wupto
the full length of the pipe to prevent damage
during backfilling.

All possible practical provision should be
made for future connections in the original cons-
truction. Connections to existing sewers, parti-
cularly those of small diameter, should wherever
possible be made with these tees or Ys. The
free end of the service lines or branches should
be closed with a carefully fitted stopper, when
service lines are not yet connected to bulildings
or where intermediate connections are not yet
made with the tee or the Y branches.

The recent practice is to make the house
connections directly without providing intercepting
traps. The deletion of the intercepting traps at the
sewer connections provides effective ventilation
of the sewer system without the use of ventilators,
The intercepting traps do not Serve any useful
purpose and are more a nuisance. The direct
connection is therefore recommended.

_ should pre-
more in dia with a

4.4. STORM WATER INLETS

These are devices meant to admit the surface
runoff to the sewers and form a very important
part of the system. Their location and design
should therefore be given careful consideration.

Storm water inlets may be categorised under
three major groups viz., curb inlets, gutter inlets
and combination inlets, cach being eithcr de-
pressed or flush depending upon their elevation
with reference to the pavement surface.
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i i d as deflector inlets when equipped
The actual structure of an inlet is usually Tbcy are terme .
made of brickwork. Normally, cast iron gratings m;hcg:%gggihir;%ti}:)esf:?;: ;ms?:rﬂ:l: g?t:?;gzlso?)%
conforming to IS: 961 shall be used. In case ; ! !
el el ol it s gtings Sy T T 01 K o e S
i 2ni t ow,
;Trlx?))x’"eb:ah:rie %5 n;rnt\lc 911";18‘; gopm[:;&%n;h;ip: Of;;;g deflectors lie in the planc of the pavement.

the street inlet to the main street sewer should
not be less than 200 mm in dia andzshould have 4.4.2 Gutter Inlets

i These consist of horizontal openingsin the
sufficient slope. gutter which is covered by one or lr)neore gratings
Maximum spacing of inlets would depend through which the flow passes.
upon various conditions of road surface, size, o '
and type of inlet and rainfall. A maximum spa- 4.4.3 Combination Inlets
cing of 30 m is recommzaded. These are composed of a curb and gutter
inlet acting as a single unit. Normally, the gutter
4.4.1 Carb Inlets inlet is placed ri_ght1 indfrqnt of the lcurb_ fnlet o
inlets are vertical openings in thegroad but it may be displaced in an over apping or 4
Curbs ltlt‘;tr)oungfl wdhibch the storrr,n W@gter ﬂc_nys. and end-tg-en_dlposmon. Figurel 4 shows different
are preferred where heavy traffic is aaticipated. typescof inlets.
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FIGURE: 4.1 INLETS

more of a nuisance and a source of mosquito
43 CATCH BASINS breeding apart from posing substantial mainte-
Catch basins are structures meant for the nance problems.

retention of heavy debris in storm water which 4.6 REGULATORS OR OVER'FLOW DEYICES
otherwise would be carried into the sewer system. These are used for preventing overloading of
Their use is not recommended since they are sewers, pumping stations, treatment plants or other
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disposal arrangemeats, by diverting the excess
flows to relief sewers etc.

The overflow deviees may be sideflow or
leaping w:irs according to the position of the
welr, sipaon spillways, or float actuated gates
and valves.

4.6.1 Sidzdox Weir

A sideflow weir constructed along one or
both sides of a combined sewer delivers excess
flows during storm periods to relief sewers or
natural drainage courses. The crest of the weir
1S set at an elevation corresponding to the desired
depth of dow in the sewer. The weir length must
be sufficiently long for effective regulation.

The length of the sideflow weir is given by
the formula devised by Babbitt.
by
V D log —
hy
waere L is the required length in m;
Vis the velocity of approaci in mps;
D is the dia of the sewer in mm and;
h; and h, are the heads above tie crest
of the wetr upstream and dowastream.

L=7.6x10-3

Tae formula is limited to conditions in which
the weir is placed in the side of a circular pipe

at a distance above the bottom greater than % and

less than %-where ‘d’ is the diameter of the pipe,

and the edge of the weir is sharp and parallel to
the invert of the caannel. Its usefulness is limited
in that it was devised for pipes between 450 and
600 mm in dia and in that the depth of flow above
the weir should not exceed 3d/4.

4.6.2 Leaping Weir

Tnis is designed to take the sanitary sewage
through an opening in the invert of the combined
sewer to an intercepting sewer. Depending upon
the desiga, all or part of storm water leaps across
the opening and is thus diverted from the in-
tercepting sewer.

Some formulae, based on empirical findings
are available for design of leaping weirs. However
from practical considerations it is desirable to
design the weirs with moving crests to make the
opening adjustable as indicated in Figure 4.2.

COMDINED Flow
\

—-‘—__-‘\
E_— ———— S
— g
o e, U ST UPPER LIP
-—————— e LT SITURNN ™ ™
e ——— T AN OVERFLOW —o~
QT2 TTA 27 ‘\%Q\ LOWER LIP.

TO SAMITARY SEWER

FIG.4-2 LEAPING WEIR
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4.6.3 Float Actuated Gates and Yalves

Coatrol of the flow in sewers can also be
fegulated by means of automatic mechanical regu-
lators. These arz actuated by the water level in
the sump interconnected to the sewers. These
regulators involve inoving parts which arz actuated
by the varying depths of flow in the sewers. They
require periodic inspection and maintenance.

4.7 FLAP GATES AND FLOOD GATES

Flap gates or backwater gates arc installed
al or near sewer ouliets to prevent backflow of
water during high tide or at high stages in the
receiving stream. Such gates should be designed
so that the flap should open at a very small head
differential. With a properly operated flap gate
it is possible to coatinue to pump, a quantity
equivalent to the sanitary sewage tiow from the
Combined Sewer to the treatment plant even
though flood conditions prevail in the stream at
the sewer outlet.

In case of sea and estuary outfalls, the outfal|
s:wer should be able to discharge at full rate
when the water level in the eStyary or sea is 3/4ths
the mean annual tide level. Adequate storage to
prevent backflow into the system due to the
Closure of these gales at the time of high tides
is also necessary if pumping is to be avoided.
To control the low from the storage tank, flood
gates or penstocks, wiaich can be opened and
closed quickly at the predetermined states of tide,
are provided. The gates are generally electrically
operated and are controlled by a lunar clock.

Many flap or backwater gates are rectangular
and may consist of wooden planks. Cjrcylar or
rectangular metallic gates are commercially avai-
lable. Flap gates may be of various metals or
alloys as required by the design conditions.

Flap gates are usually hinged by a link-type
arrangement that makes it possible for the gate
sautter to get seated more firmly. Hinge pins,
linkages and links should be of corrosion resistant
material.

The maintenance of flap gates requires regular
inspection and removal of debris from ths pipe
and outlet chamber, lubrication of hinge pins and
cleaning of seating surfaces.

4.8 MEASURING DEVICES

o For gauging the flow in sewers, a venturi
flume may be used, since notches or weirs woyld
cause deposition because of heading up of sewage.
in the Palmer-Bowlus flume, flow is made to
converge Into athroat so that a control sectign
is created. The floor is flat and bent for a length
equal to the pipe dla and fiow conditions are
such that the stream generally leaves the throat
at supercritical velocity. The Parshall flume is
generally rectangularin section with a sloping
floor with all the dimensions in rigidly specified
propoitions (Fig. 11.2 and Table 11.2),



Weirs are mostly used for gauging the flows
at treatment plants. The shape of the opening
varies but gzncrally the triangular weirs are used
for smaller flows (upto 1250 1ps) and rectangular
weirs are used for larger flows (3.2 of companion
volume of water supply and treatment, 1976). The
weirs are generally installed in a manhole. The
reading for ths depth should be taken at the weir
section where the liquid level is parallel to the bed
and at sufficient frequency so as to ensure that
all major changes in flow rates are recorded.

4.9 SEWER VENTILATORS

In a modern, well designed, sewerage system,
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there is no need to provide ventilation on such
elaborate scale considered necessary in the past,
specially with the present day policy to omit
intercepting traps in house connections. The
Vonttlatmg columns are not necessary where inter-
cepting traps are not provided. It is necessary,
however, to make provision for the escape of air
to take care of the exigencies of full flow. In the
casc of storm sewers this can be done by providing
ventilating manhole covers. Ventilating columns
should be provided on large pumping mains
and they should be taken above the hydraulic
grade line.

W
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CHAPTER 5
MATERIALS FOR SEWER CONSTRUCTION

Factors influencing the sclection of materials
for sewer constructions are flow caaracteristics,
availability in the sizes required including flttings
and connections, availability and ease of handling
and installation, watertightness and simplicity
of assembly, physical strength, resistance to
acids, alkalies, gases, solvents etc., resistance
to scour, durability and cost including handling
and installation.

No single material will meet all the conditions
that may be encountered in sewer design. Selec-
tion should be made for the particular application
and different materials may be selected for parts
of a single project. Cost of pipe is usually a
minor factor for smaller sewers, the differences
in cost among the various pipe materials being
a small fraction of the total project outlay.

5.1 TYPES OF MATERIAL

5.1.1 Brick

Brickwork is often used for construction
of sewers, particularly for larger diameters.
Many old brick sewers are still in use; the failyres
are mainly due to the disintegration of the bricks
orthe mortar joints. Because of the comparatively
higher cost, larger space requirement, slower
progress of work and other factors, brick is now
used for sewer construction only in special cases,
The advantage of brick sewers 1s that these could
be constructed to any required shape and size.

Brick sewers shall have cement concrete
or stone for invert and 12-5 mm thick cement
plaster with neat finish for the remaining surface.
To prevent ground water infiltration, itis desirable
to plaster the outside surface. Under special
conditions protection against corrosion may be
necessary.

5.1.2 Concrete

Concrete pipes may be manufactured to
any reasonable strength required by varying
the wall thickness and the percentage of reinforce-
ment and shape of the reinforcing cage. A number
of jointing methods are available depending
on the tigthness required and the operating
pressure within the sewer line.

The advantages of concrete pipes are the
relative ease with which the required strength
may be provided, feasibility of adopting a wide
range of pipe sizes and the rapidity with which
the trench may be opened and backfilled.

However, these pipes are subject to corrosion
where acid discharges are carried in the sewer

or where velocities are not sufficient to prevent
septic  conditions or where the soil is highly
acidic or contains excessive sulphates. Protective
linings or coatings as discussed in 5.3.1 should
bzusedinsideand outside where excessive corrosion
is likely to occur. Only high alumina cement
concrete should be used when it is exposed to
corrosive sewage or industrial wastes. When
specifying  concrete pipe, the pipe diameter,
class or strength, the method of jointing and the
type of protective coating and lining, if any,
should be stipulated. Structural requirements
of RCC and other pipes are discussed in
Chapter 6.

5.1.2.1 Precast concrete

Plain cement concrete pipes are used in
sewerage systems on a limited scale only and
generally reinforced concrete pipes are wused.
Non-pressure pipes are used for gravity flow
and pressure pipes are used for force mains,
submerged outfalls, inverted siphons and for
gravity sewers where absolute watertight joints
are required. Nonpressure pipes used for the
construction of sewers and culverts shall conform
to IS : 458. Certain heavy duty pipes which are
not specified in 1S : 458 should conform to other
approved standards.

5.1.2.2 Cast-in-situ reinforced concerete

Cast-in-situ  reinforced concrete  sewers
are constructed where it is more economical,
or when non-standard sections are required, or
when a special shape is required or when the head-
room and working space are limited. The sewer
shape should be of an economic design, easy
to construct and maintain and should have good
hydraulic characteristics. Rectangular sewers
having their widths in excess of one and a half
times their heights become uneconomical and
have poor hydraulic characteristics. Wide flat
culvert bottoms should be provided with a “Vee™,
of atleast 15cm depth in the centre.

All form work for concerte sewers should
be unyielding and tight and should produce
a smooth sewer interior. Collapsible steel forms
will produce the desirable sewer surface and may
be used when the sewer size and length justify
the expense.

Reinforcement steel, concrete aggregates,
cement and sand should conform to lndian
Standard specifications. It is desirable to specify
a minimum clear cover of 50 mm over reinforce-
ment steel and a minimum slump consistent
with workability should be used for obtaining
a dense concrete structure free of voids. The



distande for chuting concrete should be kept
to a minimum to avoid aggregation and the vi-
brating of concrete done by approved mechanical
vibrators. Air e¢ntraining czment or plasticizing
agents may_bs used to improve workability and
ensure a  denser concrete., Concrete should
conform to IS : 456.

5.1.3 Stoneware or Vitrified Clay

Salt glazed stoneware pipes are manufac-
tured in sizes 80 mm to 600 mm in dia but sizes
greater than 380 mm dia are not generally used
because of economic considerations. Specifications
for the AA and A classes are identical except
that in the case of Grade AA pipes, 1009, hydraulic
testing has to be carried out at the manufacturing
stage while in the case of Class A only 5% of the

ipesare tested  hydraulically (IS : 651). The
eagtis of vitrified clay pipes are 60 c¢m., 75 ¢m.
and 99 cm. the preference being for the longer
pipes for obvious reasons.

Standard pipe fittings of vitrified clay are
available to mzet most reqairzmnents.

When specifying  vitrified clay pipes, the
pips diameter, class or strength, the method of
jointing and the typs of protective coating or
lining, if any, should be stipulated.

The resistance of vitrified clay pipes to cor-
rosion from most acids and to erosion due to
grit and high velocities gives it an advantage over
other pipe materials in handling those wastes
which contain high acid concentrations. Though
a minimum crushing strength of 1600 kg/m is
usually adopted for all sizes manufactured presently,
vitrified clay pipes of crushing strength 2800
kg/m and over are manufactured in sizes upto
750 mm dia in most of the advanced countries.
The strength of vitrified clay pipes often necessitates
special bedding or concrete cradling to improve
field supporting strength.

5.1.4 Asbestos Cement

Asbestos cement  pipes are usually maau-
facturedinsiz2s ranzingfrom 500 mmto 1000mm
in dia (IS : 1592).

Some of the advantagss of A. C. pipss are :
noncorrosiveness to most natural soil conditions;
freedom from electrolytic corrosion; good flow
characteristics; light weight; ease in cutting,
drilling, threading and fitting with G. L. specials;
allowance of greater deflection upto about 12°
with mechanical joints; ease of handling; tight
joints; and quick laying and backfilling.

A. C. plpes cannot, however, stand high
superimposed loads and may be broken easily.
They are subject to corrosion by acids, highly
septic sewage and by highly acidic or
high sulphate soils. Protective measures as in
5.3.1 should be provided in such cascs. While
using A.C. pipes, strict enforcement of
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approved badding practices will reducz possi-
bility of floxure failure. Where gritis present,
high velocities such as thosz encountered on
steep grades may cause erosion.

5.1.5 Iron and Steel
5.1.5.1 Cast iron

Cast iron pipes in sizes ranging from 150
to 750 mmindia with a variety of jointing methods
are used for pressure sewers, sewers above ground
surface, submerged outfalls, piping in sewage
treatment plants and occasionally on gravity
sewers where absolutely water tight joints are
essential or where special considerations requirs
their use. IS: 1536 and IS : 1537 give the speci-
fications for spun and vertically cast pipes
respectively.

Tae advantages of cast iron pipes are long
laying lengths with tight joints, ability when
properly designed to withstand relatively high
interpal pressures and external loads and corrosion
resistance in most natural soils. They are however
subject to corrosion by acids or highly septic
sewage and acid soils.

Whenever it is necessary to deflect pipes from
a straight line either in the horizontal or in the
vertical plane, the amount of deflection allowed
should not normally exceed 2-5° for lead caulked
joints and not more than 10° for mechanical
Jjoints.

‘Waen spcifying castiron pipe, it is necessary
to give the plpe class, the type of joint, the type
of lining and the type of exterior coating.

5.1.5.2 Steel

Aqueducts, pressure sewer mains, under-
water river crossings, bridge crossings, necessary
connections for pumping stations, self-supporting
spans, railway crossing and penstocks are some
of the situations where steel pipes are preferred.

Steel pipes can withstand internal pressure,
impact load and vibrations much better thap
C.I. pipes. They are more ductile and withstand
water nammer better. They are generally preferred
for diameters above 750 mm.

The disadvantage of steel pipe is that it
cannot withstand high external load. Further
the main is likely to collapse when it is subjected
to negatlve pressure.

Steel pipes are susceptible to various types
of corrosion. A thorough soil survey is necessary
all along the alignment where steel pipes are
proposed. Steel pipes should be protected from
external corrosion by cathodic protection. Pro-
tective measures as discussed in 8-8 of the compa-
nion volume : Manual on water supply and
Treatment (Second Edition) may be adopted.

b2
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_ Steel pipes should conform to IS : 3589-
Electrically Welded Steel Pipes (200 mm to 2000
mm) for gas, water and sewage and laying should
conform to IS : 5822.

5.1.6 Plastic

The use of plastic, polyctaylens or unplasti-
cised PVC for sewer pipes carrying domestic
sewage is not common. But in Special cases
where industrial wastes with corrosion problems
are to be handled, these pipes may be conveniently
used.

Some of the advantages of plastic pipes are
resistance to corrosion, excellent flow charac-
teristics resulting in flatter ruling gradients and
economy in excavation, light weignt, longer
lengths, faster laying, cold negotiation of bends,
flattening out effect in water hammer and greater
shock resistance.

Among some of the disadvantages of plastic
pipss are reduction of strength with increasing
temparature, stress cracking and ductile failure
in vacuum.

5.2 JOINTING IN SEWER PIPES

From the cousideration of stryctural re-
quirements, joints may be classified as rigid
and flexible jotnts. Joints sych as cement mortar,
lead, flanged and welded joints are under the
category of rigid jolnts as they do not withstand
any angular rotation. All types of mechanical
joints such as rubber gasket joints are flexible
as they take rotation to the extent of a few degrees
and thus reduce the undue secttlement stress.
Flexible joints are preferable to rigid joints,
particularly with granular bedding.

Chapter 5 of tac companion volume
Manualon Water Supply and Ireatment (Second
Edition) gives the types of joints used for C.I.,
steel, AC, concrete and plastic pipes. The socket
and spigot type of joint is the most widely used
joint for vitrified clay pipes. Iaternal flush joints
have also been occasionally used.

5.3 CORROSION PREVENTION IN SEWERS

The main cause of corrosion of sewers is
chemical reaction between the Coastituents of
sewage and materials of sewers that come in
intimate contact with each other and exposure
to the gases particularly hydrogen sulphide
coming out from the decomposition in the sewers.
Some concrete Structures which have been immune
to attack over a period of years suddenly begin to
corrode duetoa changeinth:flow characteristics
and in the Dbiological balance in the sewage
resulting in rapid generation of hydrogen sulphide
which is oxidised to sulphuric acid. Corrosion
control  methods can either be the treatment
of the sewage or the treatment of the conveyance
system.

| S5
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In order to choose the type of protective
measure, it is necessary to know the characteristics
of the sewage carried and the manner in which-
the cortosion takes place. The more important
of the contributing factors are high temperature
of sewage, high BOD, low velocity of flow, deten-
tion period in force mains and wet wells, degree
of turbulencs in partially filled conduits and lack
of ventilation.

5.3.1 Protective Barriers

Commonly used protective barriers for steel,
concrete and stoneware pipes are: cement plasters;
epoxy resin; PVC sheets; bitumen and coaltar
products; fibre glass; and paiats.

All these linings shouid be provided under
strict supervision and control  conforming to IS
specifications and the directions of the manu-
facturers as applicable.

Protecting concrete and asbestos-cement pipe
against acid attack by means of abarrier is diffi-
cult. Coatings and linings of bituminousjor coaltar
products, vinyl and epoxy resins and paints have
been used with varied success for the protection of
pipes and structures. If any acid seeps or diffuses
through the lining at any point, even through a
pinhole, reaction with the cement ensues and the
effectiveness of the lining is destroyed. To be
effective, the lining, including joints, must be sealed
completely to protect the sewer system through-
out its expected life.

A lining used on large-digmeter concrete pipe
that has proved rcasonably satisfactory is a plast-
icised polyvinyl chloride sheet, having T-shaped
projections on the back which key into the pipe
wall at the time of manufactyre. All pining seams
and the joints between the pipes must be sealed
completely.

5.3.2 Modificatien of Materjal

Normally, the materials that are most suitable
uader circumstances likely to be encountered
should be used commensurate with the economy.
The pipe at joint should be as impervious as
possible to prevent ground water from permeating
through the walls and forcing the lining away.
The remedial measures discussed below inainly
apply to concrete sewers and appurtenances,

(i) To prevent the sulphate corrosion, the
use of speclal type of cement, such as
slag cement for concrete sewers is reco-
mmended. Sulphate attack ishowever,
not common in Concrete scwers, in all
are :8. The type of ccment used affects the
resistance to acid attack.

(ii) On concrete pipes extra wall thickness
sometimesis specified to serveas sacrificial
concrete and increase the life of the pipe.
However, the use of sacrificial concrete
is to be considered in relation to the other
available methods as it involves



(iii)

substantial increase in capital expen-
diture and also the thickness needed
cannot be predicted.

Some authorities recommend the use
of limestone or dolomite aggregate in
concrete as a retardant to corrosion. The
use of such aggregates InCreases the am-
ount of acid soluble material in the conc-
rete that is available to react with the
acid which prolongs the life of the pipe.
The rate of acid attack of limestone or
dolomite aggregate pipe may be only one
fifth as great as when granite or trap agg-
regate is used. However, this method also
needs to be used with caution because the
compressive  strength, specific gravity,
abrasion resistanCe, soundness, absorp-
tion and other qualities of limestone can
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vary . ver a wide range even in the same
quarry.

5.3.3 Other Measures

~ The following measures are also of interest
in minimising the sulphide generation and con-
ssquent corroslon :

(i) minimising points of high turbulence with
jn the sy.tem;

(ii) designing wet wells to preclude surcharge
of tributary lines; and

(iii) provision of forced ventilation at a
point where air may be depleted seriously
of its oxygen.
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CHAPTER 6
STRUCTURAL DESIGN OF BURIED SEWERS

The essential steps in the design and cons-
truction of buried conduits to provide safe ins-
tallations are:

(1) determination of the maximum load that
will be applied to the conduit based on
the trench and backfill conditions and
the live 'load to be encountered;

(ii) computétion of the safe load carrying
capacity of the conduit when installed
and bedded in the manner to be specified
using a suitable factor of safety and
making certain the design supporting
strongth thus obtained is greater than the
maximum load to be applied;

(iif) specifying the maximum trench widths
to be permitted, the type of pipe bedding
to be obtained and the mannerin which
the backfill is to be made in accordance
with the conditions used for the design;

(iv) chzcking each pipe for structural defects
before installation and making sure that
only sound pipes- are installed; and

(v) ensuring, by adequate inspection and
engineering supervision that all trench
widths, subgrade work, bedding, pipe
laying and backfiling are in accordance
with design assumptions as set forth in
the project specifications.

Proper design and adequate specification is
alone are not enough to insure protection from
dangerous or destructive overloading of pipe.
Effective value of these depends on the degree to
which the design assumptions are realised in
actual construction. For this reason, thorough
and competent inspection is necessary to insure
that the installation conforms to the design
requirements.

The structural design of a sewer is based on
the relationship: the Suprqrting strength of the
conduit as installed divided by a suitable
factor of safely must equal or exceed the loads
imposzd onit by the weight of earth .and any
superimposed loads.

6.1 TYPES OF LOADS

In a buried sewer, stresses are induced by
external loads and internal pressure in case
of a pressure main. The stress- due to external
loads is of utmost importance-and may be
the only one considered in the design. Besides,
if the sewer is exposed to sunlight, temperature:
stresses induced may be considerable and these will
have to be taken into consideration rartlcularly‘
in case of metallic pipes. The external loads are
of two categories, viz., load due to backfill material
known as backfill load and superimposed load
which again is of two types iz., concentrated load
and distributed load. Moving loads may be consi-
dered as equivalent uniformly distributed load.

7--480 M. of W&H/ND/79

Sewer lincs arc mostly constructed of stoneware
concrete or cast iron which are considered as rigid
pipes (while steel pipes,if used, are not considered
as rigid pipes). The flexibility of the pipe affects
the load imposed on the pipe and the stresses
Induced.

6.2 LOADS ON CONDUIlTS DUE TO
BACKFILL

Methods for dctermining the vertical load
on buried condufts due to gravity earth forces in
all commonly encountered conditions as developed
by A. Marston are gencrally accepted as the most
sultable and reliable for computation. Theoretically
stated, the load on a buried conduit is cqual to
the weight of the prism of earth directly over the
conduit, called the interior prism of earth plus
or minus the frictional shearing forcestransferred
to the prism by the adjacent prism of earth.

The considerations are :

(a) the calculated load due to the backfill is
the load which will deveiop when ulti-
mate settlement hastaken place;

(b) the magnitude of the lateral pressure
causing the shearing force is computed
by Rankine’s theory; and

(c) there is negligible cohesion except for
tunnel conditions.

The general form of Marston’s formula is

where W is the vertical load per unit length acting
fr;d the conduilt due to gravity earth
0ads;

w is the unit weight of earth;

B is the width of trench or conduit depending
upon the typc of installation conditions;
and

C is a dimensionless co-cfficient that measures
the effect of :

(a) ratio of height of fill to width of
trench or conduit ;

(b) shearing  forces between interior
and adjacent earth prisms ; and
(c) direction and amount of relative
settlement between interior and ad-
jacent earth prisms for embankment

conditions.

6.2.1 Types of Iustallation or Construction
Conditions

The accepted types of installation or cons-
truction conditions are shown in figure 6.1.
There are three classifications for the constructjon
conditions viz., (1) Trench Condition (2) Embank-
ment Condition and (3) Tunnel Condition.

~_ Trench condition exists when the conduit
is installed in a relatively narrow trench cut in
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undisturbed soil and then covered with earth
backfill upto the original ground surface.

Embankment condition pervails when the
conduit is covered with fill above the original
ground surface or when a trench in undisturbed
ground is so. wide that trench wall friction does
not affect the load on the pipe. The embankment
condition is farther classified, depending upon
the position of the top of conduit in relation
to the original ground surface, as

(i) positive projecting condition;

"tii) zero projecting condition;

(iii) negative projecting condition ; and
(iv) imperfect  trench condition.

Tunne! condition exists when the sewer ig
placed by means of jacking or tunnelling.

6.2.2 Loads for Different Conditions
6.2.2.1 Trench condition

Generally sewers are laid in ditches or
trenches by excavation in natural or undisturbed
soil and then covered by refilling the trench to
the original ground level.

(a) LOAD PRODUCING FORCES

The vertical load to which a conduit is sub®
jected under trench gconditions is the resultant
of two major forces. The first component is
the weight of the prism of so0il within the trench
and above the top of the pipe and the second is
due to the friction or shearing forces generated
between the prism of soil in the trench and the
sides of. the trench produced by settlement of
backfill. The resultant load on the horizontal
plane at the top of the pipe within the trench is
equal to the weight of the backfill minus these
upward shearing forces as shown in figure 6.2.
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FIG. 6.2 LOAD PRODUCING FORCES

P = WEIGHT OF BACKFILL ABCD
F= UPWARD SHEARING FORCES ON
AD AND BC AND Wec= P-2F
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(b) COMPUTATION OF LOADS

_The load onrigid conduitsin trench condition
is given by the Marston’s formula in the form
We = CowBg® ovrovnnnnnn... (6—2)
in which
W, is the load on the pipe in kg per linear
metre,
w is the unit weight of backfill soil in kg/m?,

By is the width of trench at the top of the
pipe in m, and

C

4 i3 the load coefficient which is a function
of the ratio of height of fill to width
of trench (H/B4) and of the friction
coefficient between the backfill and the
sides of the trench.

Weights of common flling materials (w)
and values of C, for common soil conditions
encountered are given in Tables 6.1 and 6.2 res-
pectively.

Table 6°1
Weights of Common Filling Material

—

Material Weight kg/m?®
Dry sand . . . . . 1600
Ordinary (damp) sand . . . 1840
Wet sand . . . . . 1920
Damp clay . . . . . 1920
Saturated clay . . . . 2080
Saturated topsoil . . . 1840

Sand and damp soil . . . 1600

Equation (6—2) gives the total vertical load
due to backfill in the horizontal plane at the top
of the conduit as shown in Figure 6.2 if the pipe
is rigid. For flexible conduits, the formula may
be modified# as

W, =CqwB;Bg.e0nnn. .. (6=3)
where B, Is the outside width of the conduit
fn m.

(c) INFLUENCE OF WIDTH OF TRENCH

It has been experimentally seen that when
the width of trench excavated 1s not more than
twice the external width of the conduit, the assum-
ption meade in the trench condition of loading
holds good. If the width of the trench goes beyond
three times the outside dimension of the condulit,
itis necessary to apply the embankment condition
of loading. In the transition width from B,=
2B, to By =3B, computation of load by both
the procedures will give the same results.



Table 62
Values of Cd. for calculating loads on pipes in
Trenches (W.=Cq. W B33)
Safe Working Values of Cq

Mini- Maxi- Com- Ordi- Ex-
mum mum pletely nary treme
possible  for satura- Maxi- Maxi-
without Ordinary ted Top mum mum

Cohe-  Sand soil for Clay for Clay
sion** * Kk Kokkk  kkKky

Ratio H/Bga*

<455 0-461 0-464 0:469 0-474

@
W
=

1-0 0-830 0-852 0-864 0-381 0-898
1-5 1-140 1-183 1-208 1-242 1.278
2:0 1-395 1-464 1-504 1-560 1-618
2:5 1-606 1-702 1-764 1-838 1.923
3.0 1-780 1-904 1-978 2-083 2-196
3.5 1-923  2:075 2-167 2-298 2-441
4.0 2041  2:221 2-329 2487 2-660
4.5 2136 2-344  2:469 2-650 .2-856
50 . 2219 2-448 2:590 2-798 3-032
5-5 2:286 2-537 2-693 2-926 3-190
60 . 2:340 2-612 2-782 3-038 3-331
65 . 2:386 2:675 2:859 3137 3-458
7-0 . 2423 2-729 2:925 3-223 3-571
7-5 . 2:454 2.775 2-982 3.299 3-673
80 . 2-479 2.814 3-031 3-366 3-764
85 . 2:500 2-847 3-073 3-424 3-84S
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9.0 .
9.5 .
10-0
11-0
12:-0
13-0
14.0
15-0 .
Very Great .

2-518 2875 3-109 3-476 3-918
2532 2:898 3-141 3-521 3-983
2:543  2-918 3167 3-560 4-042
2-561 2:950 3-210 3-626 4-141
2-573  2-972 3-242 3-676 4-221
2581 2-989 3:266 3-715 4-285
2-587 3:-000 3-283 3-745 4-336
2-591 3-009 3-296 3-768 4-378
2-599  3-030 3-333  3-846 4-548

Wc==load on pipe in kg per linear metre.
Ca=Cocfficient.

w=Weight of trench filling material in kg/m?®.
Ba=Width of trench a little bzlow the top of the pipe

in metres.
»

AkkK

KKK

Height of Fill above top of pipe to width of
trench a little below the top of tue pipe.

These values give the loads generally imposed
by granular filling materials before tamping
or settling.

Use these values as safe for all ordinary
cases of sand filling.

Thoroughly wet. Use these values as safe
for all ordinary cascs of clay filling.

Completely saturated. Use these values only -

for extremely unfavourable conditions.

.

In case of excavations with sloping sides
(possible in undeveloped areas), the provision
of a sub-trench (Figurc 6-3) minimises the load
on the pipe by reducing the value of By.

€16 R.2 EXAMPLES OF SUBTRENCH

6.2.2.2 Embankment or projecting conduit conditio,,
(1) POSITIVE PROJECTING CONDUIT

A conduit is said to be laid as a positive
projecting conduit when the top of the conduit
is projecting above the natural ground into the
overlying embankment (Figure 6-4).

(a) Load producing forces

The load on the positive projecting conduit
isequal to the weight of the prism of soil directly

above the structure plus or minus vertical shearing

forces which act in a vertical plane extending
upward into the embankment from the sides
of the conduit. These vertical shearing forces
ordinarily do not extend to the top of the embank-

ment but

terminate in a horizontal plane at

some elevation above the top of the conduit known
as the plane of equal settlement as shown in

figure 6-4 which also shows the elements of settle-

ment ratios.

Q\
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FIG.6.4 SETTLEMENTS THAT INFLUENCE LOADS ON
POSITIVE PROJECTING CONDUITS.

Sg = SETTLEMENT OF NATURAL GROUND ADJACENT

TO CONDUIT,

Sm= COMPRESSION OF COLUMNS OF

SOIL OF HEIGHT pBc¢, d .= DEFLECTION OF THE
CONDUIT, AND Sg = SETTLEMENT OF BOTTOM OF

CONDUIT.

Settlement ratio ryy

= Settlement of critical plane—settlement of
top of conduit

Compression of height of column H of em-

bankment
= ( - ! RN (6—4)
Sm
where, H = height of top of conduit above

adjacent natural ground surface
(initial) or the bottom of a
wide trench;

9—480 M. of W&H/ND/79

= p. B, where p is the projection
ratio;
S, = compression cColumn of height
H of embankment;
S, = settlement of natural ground
adjacent to the conduit;
S; = settlement of the bottom of
conduit; and _
d. = deflection of conduit or shorten-
ing of its vertical height.
When (Su+Sg) > (S¢ + do), Ty S positive
i.e. the shearing forces act downwards. Therefore
the load on conduit is equal to weight of critical
prism plus shear force.



When (S,4-Sg) < (S¢ + d.), ryy is negative
and the shear force acts in the upward direction.

The settlement ratio ry, therefore, indicates
the direction and magnitude of the relative settle-
ment of the prism of earth directly above and
adjoining the conduit.

The product ryy X p gives the relative height
of plane of equal settlement and hence of the
magnitude of the shear component of the load.

Whenr,, X p =0, the plane of equal settle-
ment coincides with the critical plane and there
are no shearing forces and the load is equal to
the weight of the central prism. Itis not practicable
to predetermine this r,, value. However; recom-
mended design values based on actual experience
are given below :—
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(b) Computation of loads

Marston’s  formula for positive projecting
conduits (both rigid and flexible ) is as follows :
W, = Cc w B2,

where, W,=load on conduit in kg/m;

w=unit weight of backfill material in
kg/m3;

B,=outside width of conduit in m; and

C.=load coefficient, which is a function
of the product of the projection
ratio and the settlement ratio and
of the height of fill above the top of
the conduit to the outside width of the
conduit (H/B).Itis also influenced
by the coefficient of internal fric-
tion of the backfill material and the
Rankine’s ratio of lateral pressure
to vertical pressure Ku. Suggested
values for Ky for positive and nega-
tive settlement ratios are 0-19 and

Type of Type of soil Settlement ratio
conduit (rsd)
1. Rigid Rock or unyiclding +1-0

foundation.
2. Rigid Ordinary foundation +0-5to0 4-0-8
3. Rigid Yiclding foundation 0 to +0-5
4, Rigid Negative projecting —0-3 to —0-5 0-13 respectively.

installation.
5. Flexible . Poorly compacted sidefill. —0-4t0 0 The value of Cc can be obtained from Figure
6. Flexible . Well compacted sidefill. 0. 6-5.

10

9

8

Kq =
I
[}
X

Valves ol;—:
w

aH

3
2
Ky = 0.19
!
o l
o / 2 J 4 s s b 8 9 10

Values of coefrficient C,.
F16.6.5 DIAGRAM FOR COEFFICIENT C. FOR POSITIVE
PROJECTING CONDUITS.

4=»
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(ii) NEGATIVE PROJECTING CONDUIT

A conduit is said to be laid in a negative
projecting condition when it is laid in a trench
which is narrow with respect to the size of pipe
and shallow with respect to depth of cover and
the native material of the trench is of sufficient
strength that the trench shape can be maintained
dependably during the placing of the embank-

29

ment; the top of the conduit being below the
natural ground surface and the trench refilled
with loose material and the embankment construct-
ed above (figure 6-6). The prism of soil above
conduit, being loose and great in depth compared
to the adjoining embankment, will settle more
than the prism over the adjoining areas thus
generating upward shéar forces which relieve
or reduce the load on the conduit.

Top of embesiment

Nateral
grovad
sarface

F1G.6.6 NEGATIVE PROJECTING CONDUIT

(a) Computation of loads

Marston’s formula for negative projecting

conduits is given by

wc == Cn w Bd’ P (6—6)

where—

W.=load on the conduit in kg/m;
By= the width of trench in m; and
w = the unit welght of soil in kg/m?

Ca =load coefficient, which is a function
of the ratio (H/By) of the height of fill
and the width of trench equal to the
projection ratio p’ (Vertical distance
from the firm ground surface down
to the top of the conduit/width of the
trench) and the settlement ratio r,,
given by the expression.
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Settlement of natural ground—Settle- Se—(S¢ + Sr + do)
" ment of critical plane =
Sq

B compression of the backfill within the
height p' B,.
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F1G.6.7 COEFFICIENT C,, FOR NEGATIVE PROJECTING CONDUITS AND IMPERFECT TRENCH CONDUITS.



Values of C, for various values of H/Bgy
r,g and p’ are given in Figure 6-7.

Exact dectermination of the settlement rati®
is very difficult.

Top of emdan2meat
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Recommended value of ryy is—0-3 for design
purposes. Elements of settlement ratio are shown
in Figure 6-8.

CrRtical plane

Pline of cqual settioment

Shearing forces
mwduced by
‘ gett/iement

Natyra! ground

'
‘/’
MM

—

FI1G.6.8 SETTLEMENTS THAT INFLUENCE LOADS
ON NEGATIVE PROJECTING CONDUITS.

(iif) IMPERFECT TRENCH CONDUITS

An imperfect trench conduit is employed
to minimise the load on a conduit under embank-
ments of unusual heights. The conduit is first
installed as a positive projecting conduit. The
embankment is then built up to some height
above the top and thoroughly compacted as it
is placed. A trench of the same width as the

» conduit is excavated directly over it down to or
near its top. This trench is refilled with loose
compressible material and the balance of the
embankment completed in a normal manner
(figure 6-9)

The Marston’s Formula for this installation
condition is given by W, = C, W BZ2... .(6—8)

The values of C, in this case also may be
obtained from Figure 6-7 for negative projecting
conduits taking B,=B, on the assumption that
the trench in fill is no wider than the pipe.
10—480 M. of W&H/ND/79
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F16.6.9 IMPERFECT TRENCH CONDUIT
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6.2.2.3 Tunnel condition

When the conduit is laid more than 9 to
12 m deep or when the surface obstructions
are such that it is difficult to construct the pipe-
line by the conventional proc:dure of excavation
and backfilling, it may be more economical to
place the conduit by means of tunnelling. The
general method in this case is to excavate the
tunnel, to support the earth by suitabie means
and then to lay the conduit. The space between
the conduit and the tunnel is finally filled up with
compacted earth or concrete grout as indicated
in figure 6-10.

Top of natuorar grovad

Space between
cordeit 0nd
88ivresl grovad
Lilied with
compactsrd materiar

FIG.6.10 CONDUIT IN TUNNEL

(a) LOAD PRODUCING FORCES

The vertical load acting on the tunnel supports
and eventually the pipein the tunnel is the resultant
of two major forces via., the weight of the over-
head prism of soil within the width of the tunnel
excavation and the shearing forces generated
between the interior prisms and the adjacent
ma}}erial due to friction and cohesion of the
soil.

(b) LOAD COMPUTATIONS

. Marston’s Formula to be used in this case
of installation of condult is given by :

Wi = C, B, (WB,—2C) ............ (6-9)
where
W, isthe load on the pipe or tunnel support
inkg/m;

w is the unit weight of soil above the
tunnel in kg/m?3;

B, is the maximum width of the tunnel
excavation in m;

C  isthe coefficient of cohesion in kg/m?;
and

C. s a load coefficient which is a function
of the ratio (H/B,) of the distance
from the ground surface to the top
of the tunnel to the maximum width
of tunnel excavation and of the
coefficient of internal friction of the
material of the tunnel,

When the coefficient of cohesion is zero,
the formula reduces to the same form as in trench
condition (eqn 6—2)

Value of C, for various values of H/B, and
different soil conditions are to bz obtained from
Figure 6.11.

Recommended values of coefficient of cohesion
for different types of soils are as under :

Type of soil kg/m?

Soft clay . . . . . . 200
Medium clay . . . . . 1200
Hard clay . . . . . . 4700
Loose dry sand . . . . . 0
Silty sand . . . . . 500
Dense sand . . . . . 1400
Saturated Top soil . . . . 500

6.2.2.4 Effect of submergence

Sewers may be laid in trenches or under
embankment in areas which may be temporarily
or permanently submerged in water. The fill
load in such cases will be reduced and will
correspond to the buoyvant weight of the fill
material. However, effect of submergence could
be ignored which produces an additional factor
of safety, but it may be necessary to check whether
a pipe is subject to floatation. Under submergence,
the minimum height of the fill material that
will be required to prevent floatation ignoring
the frictional forces in the fill can be determined
from the equation :

Hmin. B, (Wws—w,)+w.=n Bl.w;....(6—10)
where
Hmin = minimum height of fill materia]

in m;

w, = the saturat>d density of theTsoll
in kg/m?®;

w, = the density of water in kg/m3;

w, = the unit weight of the empty pipe
in kg/m3; and

B, = the outside width of the conduit
in m.

6.3 LOAD ON CONDUIT DUE TO SUPER-
IMPOSED LOADS

The types of superimposed loads which are
generally encountered in buried conduits may
be categorised as (a) concentrated load and (b)
distributed load. These are explained diagram-
atically in Figure 6-12.

6.3.1 Concentrated Load

The formula for load due to superimposed
concentrated load such as a truck whee]
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FI1G.6.11 DIAGRAM FOR COEFFICIENT C4 FOR TUNNELS
IN UNDISTURBED SOIL.

%
3 (ﬁgure 6-12) is given by the following form by C, = the load coefficient which is a
Holl’s integration of Boussinesq’s formula function of
PF B, L
Wa=C——— ceeivveeveennn (6—11) —and
L 2H 2H
where where
W, = the load on the conduit in kg/m; H = the height of the top of the conduit’
P = the concentrated load in kg acting to ground surface in m;
on the surface; B, = the outside width of conduit in
F = the impact fasctfgr (1-0 for air field m; and
runways, 1.5 for highway traffic L = the effective length of th it
and air field taxi ways, 1:75 for to which the ?ogt}xd is tr:n:g?i(titl;d
in m;

raflway traffic); and
11480 M. of W&H/ND/79
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FIG.6.12 A CONCENTRATED FIG.6.12 B DISTRIBUTED SUPERIMPOSED
SUPERIMPOSED LOAD VERTI- LOAD VERTICALLY CENTRED OVER CONDUIT.

CALLY CENTRED OVER CONDUIT.

are obtained from Table 6-3.

B L

Values of C, for various values of C and
v 2H 2H

Table 6:3

Values of Load Coefficients, C;, for Concentrated and Distributed Superimposed Loads Vertically
Centred Over’, Conduits.

D M L

—— or

M \ 2H 2H

or
Be 01 0-2 0-3 0-4 0-5 0-6
2H

0-7

0-8

09 I-0 1-2 1-5 2:0 5.0

0-1 . 0-019 0-037 0-053 0-067 0-079 0-089
0-2 . 0-037 0-072 0-103 0-131 0-155 0-174
03 . 0-053 0-103 0-149 0-190 0-224 0-252
04 . 0-067 O0-131 0-190 0-241 0-284 0-320
0-5 . 0079 0-155 0-224 0-284 0-336 0-379
0:6 . 0089 0-174 0-252 0-320 0-379 0-428
0-7 . 0:-097 0-189 0-274 0:349 0-414 0-467
0-8 . 0-103 0-202 0-292 0:373 0-441 0-499
0:9 . 0-108 0-211 0-306 0-391 0-463 0-524
1-:0 ., 0-112 0-219 0-318 0-405 0-481 0-544
12 . 0-117 0-229 0-333 0-425 0-505 0-572
-5 . 0:121 0-238 0-345 0-440 0-525 0-596
2:0 . 0-124 0:244 0-355 0-454 (-540 0-613

0-097
0- 189
0-274
0-349
0-414
0- 467
0-511
0-546
0-574
0- 597
0- 628
0: 650
0-674

0-103
0-202
0-292
0-373
0-441
0-499
0- 546
0-584
0615
0-639
0-674
0-703
0-725

0-108 0-112 0-117 0-121 0-124 0-128
0-211 0-219 0-229 0-238 0-244 0-248
0-306 0-318 0-333 0345 0-355 0-360
0-391 0-405 0-425 0-440 0-454 0-460
0-463 0-481 0-505 0-525 0-540 0-548
0-524 0-544 0-572 0-596 0-613 0-624
0-584 0-597 0-628 0-650 0-674 0-688
0-615 0-639 0-674 0-703 0-725 0-740
0-647 0-673. 0-711 0-742 0-766 0-784
0-673 0-701 0-740 0:-774 0-800 0-816
0-711 0-740 0-783 0-820 0-849 0-868
0-742 0-774 0-820 0-861 0-894 0-916
0:766 0-800 0-849 0-894 0:930 0:956

The effective length of the conduit is defined as
the length over which the average load due to
surface traffic units produces the same stress in
the conduit wall as does the actual load which
variés in intensity from point to point. This is
generally taken as 1 m or the actual length of
the conduit if it is less than 1 m.

6.3.2 Distributed Load

For the case of distributed superimposed
loads, the formula for load on conduit 1s given
by—

in

sd
which
Wsd

O &

= the load on the conduit in kg/m.
= the intensity of the distributed
load in kg/m?;

the impact factor;

The width of the conduit in m.

the load coefficient, a function
of%)/ZH; and M/2H from table
6:2;

I

)



the height of the top of conduit
to the ground surface in m; and
Dand Mare widthand length in m respecti-
vely of the area over which the distributed
load acts.

_For class AA IRC loading, in the critical
case of whee! load of 6:25 tonnes, the intensity

H =

of distributed load with wheel area 300 mm X

150 mm is given by
625

P 0:3 x 0-15
6.3.3 Conduits under Railway Track
The load on conduits under railway track
is given by
W=4C, UB,
where

U is the uniformly distributed load in tonnes/
m? from the surface directly over the conduit

and equal to

in T/m2

_PF2WB PF W,
U—W —4AB+2A ........ (6‘——14)
where

P isthe axle load in tonnes(22.5 tonnes
for Broad gauge);
F is the impact factor for railroad=1.75;

2A isthe length of the sleeper in m (2.7m
for Broad gauge);

2B is the distance between the two axles
(1.84 m for broad gauge);

Wt is the weight of the track structure in
tonnes/m (0.3 tonnes/m for broad
gauge);

C, i3 the load coefficient which depends
on the weight of the top of sleeper
from the top of the conduit; and

B. is the width of the conduit in m.

For broad gauge track the formula

will reduce to :

We=32.14.C4 Beooovnenrnenannn (6.15)
6.4 SUPPORTING STRENGTH OF RIGID

CONDUIT .

The ability of a conduit to resist safely the
calculated earth load depends not only on its
inherent strength but also on the distribution
of the vertical load and bedding reaction and
on the lateral pressure acting against the sides
of the conduit. The inherent s}rength of a rigid
conduit is usually expressed in terms of _the
three-edge bearing test results, the conditions
of which are, however, different from the field
load conditions. The magnitude of the support-
ing strength of a pipe as insgallgd in the field is
dependent upon  the distribution of the
vertical load and the reaction against the
bottom of the pipe. It also depends on the mag-
nitude and distribution of the lateral pressure
action on the sides of the pipe.
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D Flat bottom trench . .

6.4.1 Laboratory Test Strength

All rigid pipes may be tested for strength
in the Laboratory by the three-edge bearing
test (ultimate load). Methods of test and mini-
mum strength for concrete (unreinforced and
reinforced), stoneware and AC pipes and other
details are given in Appendix 7,

6.4.2 Field Saupporting Strength

The field supporting strength of a rigid
conduit is the maximum load per unit length
which the pipe will support while retaining
complete  serviceability when installed under
specified conditions of bedding and backfilling.
The field supporting strength, however, does
not include any factor of safety. The ratio of
the strength of a pipe under any stated con-
dition of loading and bedding to its strength.
measured by the three-edge bearing test is
called the load factor.

The load factor does not contain a factor
of safety. Load factors have been determined
experimentally and analytically for the commonly
used construction conditions for both trench
and embankment conduits.

6.4.3 Supporting Strength in Trench Conditions

(a) CLASSES OF BEDDING

Four classes, A, B, Cand D of bedding most
often used for pipes in trenches are illustrated
in Figure 6.13, Class A bedding may be either
concrete cradle or concrete arch. Class B is a
bedding having a shaped bottom or compacted
granular bedding with a carefully compacted
backfill. Class C is an ordinary bedding having
a shaped bottom or compacted granular bedding
but witha lightly compacted backfill. Class D
is one with  flat bottom trench with no care
being taken to secure compaction of backdfill
at the sides and immediately over the pipe and
hence is not recommended. Class B or C
bedding with a compacted granular bedding is
generally recommended.

(b) LOAD FACTORS

The load factors for the
are as follows :
Class
Aa

different classes

) Load factor
Concrete cradle—plain  concrete
and lightly tamped backfilt . 22
Ab Concrete cradle—plain  concrete
with carefully tamped backfill . 2-8
Ac Concrete  cradle—R.C.C. with
o] =0-4 % . . . .
(p is theratio of the area of steel to
the area of corrcrete at the invert)
A d  Arch type—plain concrete . . 28
R.C.C. (p=0-4%) . . . upto 3-4
R.C.C.(p=1-0%) . . upto 48
(p is the ratio of the area of steel to
- the area of concrete at the crown)
B Shaped bottom or compacted granu-
lar bedding with carefully com-
pacted backfill . . . .
C Shaped bottom or compacted granu-
jar bedding with lightly compacted
backfill . . . . .

upto 3-4

1:9
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The granular material used - must stabilize
the trench bottom in addition to providing a
firm and uniform support for the pipe. Well
graded crushed rock or gravel with the maxi-
mum size not exceading 25 mm is recommend-
ed for the purpose.

Where rock or other unyielding foundation
material is encountered, bedding may be accor-
ding to onec of the classes A, B, or C but with
the following additional requiremeats

Class A : The hard unyielding material should
be excavated down to the bottom of
the concrete cradle.

ClassBorC: The hard unyielding material
should be excavated below the bot-
tom of the pipe and pipe bell to a

depth of at least 15 cm.

/P
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The width of the excavation should be -
at least 1.25 times the outside dia of the pipe
and it should be refilled with granular material.

Total eacasement of non-reinforced rigid
pipe in concrete may be necessary where the
required safe supporting strength cannot be
obtained by other bedding methods. The load
factor for concrete encasement varies with the
thickness of concrete. The effect of M-200 con-
crete  encasement of various thicknesses on
supporting strength of pipe under trench condi-
tions is given in Figure 6.14.

6.4.4 Supporting Strength in Embankment Con-
ditions

The soil pressure against the sides of a pipe
placed in an embankment may be significant in
resisting the vertical load on the structure.
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FIGURE: 6-14

(a) CLASSES OF BEDDING

The beddings which are generally adopted
for projecting conduits laid under the embank-
ment conditions of installation are illustrated in
Figure 6.15. The classification of the beddings

are as under :
Class A : In this ‘case the conduit is laid on
a mat of concrete.

Class B: The conduit is laid on accurately
shaped earth to fit the bottom of

the pipe and the sides are filled
with thoroughly tamped earth.

In this type of bedding the con-
duit is laid on accurately shaped
earth to fit the bottom surface of
the conduit. For rock foundations
the conduit is laid ona layer of
granular cushion and the sjides
of the “ conduit are filled up.

Class D : The conduit is laid on earth
not shaped to fit the bottom of the

ClassC:
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F1G.6.15 CLASSES OF BEDDING FOR PROJECTING
CONDUITS.

conduit, In case of rocky soil
the conduit is laid on a shallow
granular cushion.

(b) LOAD PACTORS

The load factor for rigid pipes installed as
projecting conduits under embankments or in
wide trenches is dependent onthe type of bed-
ding, the magnitude of the active lateral soil pres-
sure and on the area of the pipe over which the
active lateral pressure acts.

The load factor for projecting circular
conduits may be calculated by the formula.

1.431

= Nrg . (6—16)

where

L; is the load factor;

N is a parameter dependent on the t
of bedding; ype

X is a parameter dependent upon the
area over which the lateral pressure
acts effectively; and

q is the ratio of total lateral pressure to

total vertical load on pipe.

+
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(i) Positive projecting conduits
The ratio ‘q" for positive projecting con-
duits may be estimated by the formula

mkf H m
9= a{ B 2
where

kis the Rankine’s ratio which may be taken
as 0.33. The value of N for different types of
eddings for circular pipes are given below :

Type of dedding Value of “N'
‘A’ Reinforced concrete cradle  0.42 to 0.51
‘A’ Plain concrete cradle 0.51t00.64
‘B’ et e 0.71
R O 0.84
D 1.31

~ Thevalue of “x” in case of circular pipes
is given below :

Fraction of conduit
on which lateral
pressure acts‘'m’

Value of ‘s’ for
‘A’ class bedding  Other ‘beddings

o . . . 0-150 0

0-3 . . . 0743 0-217
0-5 . 0- 856 0-423
07 . 0-811 0-594
0-9 . . 0-678 0-655
1.0 . . . 0-638 0-638

(ii) Negative projecting conduite

The load factor for negative projecting con-
duits may also be determined by the equations
(6—16) and (6—17) with a value of k of 0.15,
provided the side fills are well compacted.

(iii) Imperfect trench conditions

_ The equations for positive projecting condi-
tions will hold good for these conditions as well.

6.4.5 Condaits Under Simultaneous Internal
Pressure and External Loading

. Simultaneous action of internal pressure
and external load gives a lower supporting stren-
gth of a pipe than what it would be if the
external load acted alone.

If the bursting strength and the three-edge
strength of a pipe are known, the relation bet-
ween the internal pressure and external loads
which will cause failure may be computed by
means of the formula.

where

t = internal pressure in kg/cm?at failure
when external load is simultaneously
acting;

T= bursting strength of a pipe in kg/cm?
when no external load is simultaneously
acting;

12480 M. of W&H/ND/79
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s = three-edge bearing load at failure in
kg/linear metre when there is simul-
taneous action of internal pressure and

S = Three-edge bearing load at failure in
kg/linear metre when there is no internal
pressure simultaneously acting.

6.5 RELATIONSHIP BETWEEN THE DIF-
FERENT ELEMENTS IN STRUCTU-
RAL DESIGN

The basic design relationships between the
different  design elements are :
Safe Supporting Strength Field Supporting
(Maximum allowable field _ Strength .
load) or w ~ Factor of safety
Load factor x three
edge bearingstrength
Factor of Safety
.- Required three-edge bearing strength

=Maximum allowable field load x Factor of Satety
Load factor
A factor of safety of atleast 1.5 should be
applied to the specifierd minimum three-edge
bearing strength to determine the working
strength for all rigid conduits.

6.6 SAMPLE CALCULATIONS

The general assumptions relating to the
characteristics of soiland other factors are given
below :

(i) Saturated density of 811 {w)—=2000kg/m?®

(ii) k.p=k.u'=0.130, ordinary maximum for
clay (thoroughly wet);

(iii) ryq for rigid conduit on ordinary bed-
ding=0.7 for positive projection and
—0.3 for negative projection;

(iv) projection ratio=1;

(v) Concentrated surcharge corresponding
to wheel load for class AA wheeled load-
ing=6.25T, 4

(vi) Impact factor=1.5;

(vii) Factor of safety for safe
strength==1.1;

(viii) The design also provides for acciden-
tal 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.

supporting

Example 1

Determine the fill load on a 1200 mm dia
NP, class concrete pipe installed in a trench of
width 2.3 m and depth of 4.00 m.

Pipe thickness ‘t’ =65 mm for D of 1200 mm.
B.=D+42t=12004130=1330 mm=1.33 m

Bd=2.3m
H=4.00—1.33=2.67m
. 2.67
- H/By =53 1.16



By is < 2B.. Hence trench formula is
applicable. C4.=0.9965 or 1.00 (from table 6.2)
for ordinary maximum for clay.

~from equation (6—2)

W.=CywB,3=1.00x2000x%2.32=10,580
kg/m.

Example 11

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

Pipethickness ‘t’=50 mm for D for 900 mm.
B.=D+2t=900+100=1000=1 m.
w=2000 kg/m?
H=6.0—1.0=5.0m
Bd=2‘1
H 5.0
ﬁd_ﬁ=2'38
2B.<B;< 3B.. Hence ‘either the trench
or embankmsnt formula can be used.
From table 6.2°
Cy=1.77188 or
From equation (6—2)
W,=Cy.w.B,3=1.8%2000X%2.1?=15,876 kg/m
or say, 16000 kg/m.

Exa'mplé I

Determine the fill load ona 1200 mm dia
NP, class concrete pipe installed as a positive
projecting conduit under a fill of 7 m height
above the top of pipe. The pipe wallthicknessis
65 mm and the fill weight 2000 kg/m3.

Assume ryq=0.7 and p=1.0
H=Tm
B,=1200+130=1330 m=1.33m
H/B.=7/1.33=5.26
rea Xp=0.7%X1=0.7
C.=9 (from figure 6.5)
Using equation (6—5)
W,=C, wB3=9 X 2000 x 1.33%= 31.850
kg/m

say 1.8

Example IV

Determine the fill load on 2 1200 mm dia
NP, Class pipe installed as a negative projec-
tion conduit in a trench the depth of which is
such that the top of the pipe i32 m below the
surface of na.tural ground in which the trench is
dug. The height of the fill over the top of the
pipe is 10 m.

Assume the width of the trench as 2 m and

w=2000 kg/m

rgg= —0.3 and p’.=1.0 .

H=10 m, B4=2.00 m, H/B;=10/2=5.00

For values of p’=1.0, ry=-—0.3 and

H/B;=5.00
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C,=3.2(from figure 6.7)
Using eqn  (6—6)
W,=C, w B;3=3.2X2000x2.02=25.600
kg/m
Example V

. Determine the load on 1500 mm dia con-
duit in tunnel condition 15 m deep in a soil of
silty sand.

The maximum width of excavation (B,) may
be assumed as 1950 mm; and the cohesion
coefficient (C) of the soil as 500 kg/m2,

kp=0.150 and w=1800 kg/m?.
H=15 m; B;=1.95 m
H/Bt=15/1.95=17.7
C=3.00 (from figure 6.11)
Using eqn (9—9)

W,=C, B,(wB,—2C)=3.00x1.95 (1800X
1.95—2x 500)

=3.00x1.95X2510=14,680 kg/m

Example VI

Determine the load on a 600 mm dia NP,
Class pipe (t =40 mm) under 1 m cover caused by
6.25 T wheel load applied directly above the
centre of pipe.

L =1 m (since standard length of conduit

>1 m);
H=Im
B,=600+80=680mm=0.68 m;
L_1.0_. . B 0.68_
T ax1 0 0=y 0 34

L
From table 6.3 for values of —2H=0-50
Bc -
and 2—H = 0.34

C,=0.248
Using equation (6—11)
C,PF_ 0.248X6250% 1.5

Wee= T~ 1.0 =2325kg/me
Example VII
Determine the load on a 1200 mm dia

concrete pipe under 2 m of cover resulting from
a broadgauge railway track loading.

Assumed thickness of pipe =100 mm
Axle load P =22-5 tonnes
Impact factor F =175

Length of sleeper 2A= D= 2:7m
Assume 4 axles spaced 1-84 m on the loco-
motive ;

M=4x2B=4x1-84=7-36 m;

H=2 m.

Wt of track structure=w,=0-3 T/m
Using equation (6—14)

l?\;
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— PF+2W, B _ PF W

U 1AB A8 A
22:5%1-75 |, 03 -
=59xig4 +t27 Tm

== 7-9254-0-111=8-036 tonnes/m?
B,=1200+4200 = 1400 mm = 1'4 m

D 2-7
Zﬁ= sz-': 0-675
M 4x1-84
M 22
From table 6-3,
Influence Coefficient C, = 0.652
Using equation (6—13)
W=4C,.U. B,
= 4x0-652x8-036x1-4
= 29-34 tonnes/m
= 29340 kg/m

(Since it has been given that it is a broad gauge

track, the formula W = 32-14 C,. B; could be
used direct without calculating the value of U.).

Example VI

Design the structural requirement for a 900
mm dia NP, class sewer pipe which is to be laid
in 6 m deep trench of 2:0 m width assuming
that the total vertical load will account for
concentrated surcharge of 6-25 T applied at the
centre of the pipe. The water load should also
be considered.

The type of bedding for the purpose of this
example may be assumed as Ab class with load
factor of 2'8.

B, = 900+2x 50 = 1000 mm =1-00 m;

H=6—~1=5m

By, =20

H/B, = 5/2:0 = 2:50

Cy = 1-764 (from table 6-2 for saturated
top sofl).

Using equation (6—2)

W, = 1:764x2000x2? = 14110 kg/m

L=1m;H=35m;

= 1-84

L 1 1
—e=—=0'1and B, =—=0-1
2H 10 2H 10
From table 6'3, C; = 0-019
Using equation (6—11)
PF
Wee = Cs ’i‘
_ Q‘019><61250><1-5 — 178 kg/m
2 9 9 1 75
Wy =—X— X—xX— X 1000 X —=471 kg/m
7 10 10 4 100

W, = We+ Wee + W, = 14,1104178+
471 = 14,759 of say = 14,800
13—480 M. of W&H/ND/79,
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Safe supporting strength of 900 mm NP, pipe
with class Ab bedding = 3750 x 2-8 = 10,500
kg/m (Appendix 7)-

Hence, the load exceeds the safe supporting
strength of the pipe by 14800—10,500 = 4,300
kg/m. From figure 6-14, 60 mm encasement in
M 200 mix will give the additional strength of
4,300 kg/m.

6:7 RECOMMENDATIONS

The factor of safety recommended for con-
crete pipes for sewers iIs considerably less (max.
of 1-5 for unreinforced pipes, 12 for reinforced
pipes laid in trench and 1-5 for all pipes laid
under embankment) as compared to that for
most engineering structures which have a factor
of safety of at least 2-5. As the margin of safety
against the ultimate failure is low, it becomes
imperative to guarantee that the load imposed
on sewer pipes are not greater than the design
loads for the given installation conditions. In
order to achieve this objective, the following
procedures are recommended :

1. The width of trench specified for a parti-
cular job should be minimum in conson-
ance with the requirements of adequate
working space to allow access to all
parts and joints of pipes.

2. Specification should lay proper emphasis
on the limit of the width of trench to
be adopted in the field which should
not exceed that adopted in the design
calculations. Any deviations from this
requirement during the construction
should be investigated for their possible
effect on the load coming on the pipe
and steps should be taken to improve
the safe supporting strength of pipe for
this condition of loading by adopting
suitable bedding or such other methods
when necessary.

3. The Field Engineer should keep in touch
with the Design Engineer throughout
the duration of the project and any
deviation from the design assumptions
due to the exigencies of work, should
be immediately investigated and correc-
tive measures taken in time.

4. All pipes used on the work should be
tested as per the IS specifications and
test certificates of the manufacturers
should be furnished for every consign-
ment brought to the site.

5. Whenever shoring is used, the pulling
out of planks on completion of work,
should be carried out in stages and this
work should be properly supervised
to ensure that the space occupied by
the planks is properly backfilled.

6. Proper backfilling methods both as re-
gards to selection of materials, methods
of placing and proper compaction
should be in general agrecment with
the design assumptions.



CHAPTER 7
CONSTRUCTION OF SEWERS

7-1 CONSTRUCTION METHODS

The planning and the construction of sewers
are so interdependent, the knowledge of one is
an essential prerequisite to the competent per-
formance of the other. The ingenuity of the
planner, the supervising engineer and the con-
tractor is continually called for, to reduce the
construction cost and to achieve a quality work-
manship. Barring unforeseen conditions it shall
be the responsibility of the supervising engineer
and the contractor to complete the work as shown
on the plans at minimum cost and with minimum
disturbance of adjacent facilities and structures.

7:1-1 Trench

7.1.1.1 Dimensions

The width of trench at and below the top
of a sewer should bs the minimum necessary
for its proper installation with due consideration
to its bedding. The width of a sewer trench
depends on the type of shoring, (single stage or
two stage), working space required in the lower
part of the trench and the type of ground below
the surface. The width of the trench from the
top of the sewer to the ground surface is primarily
related to its effect upon the adjoining services
and nearby structures. In undevelopzd areas
or open country, excavation with side slope shall
be permissible from the top of the sewer to the
ground surface instead of vertical excavations
with iproper shoring. TIn developzd areas, how-
ever, it is essential to restrict the trench width so
as to protect the existing facilities and properties
and to reduce the cost of restoring the surface.
Increase in width over the minimum required
would unduly increase the load on the pipe.

7.1.1.2 Excavation

Excavation for sewer trenches for laying
sewers shall bz in straight lines and to the correct
depths and gradients required for the pipes as
specified in the drawings. The material excavat-
ed from the trench shall not be deposited very
close to the trench to prevent the weight of the
materials from causing the sides of the trench
to slip or fall. The sides of the trench shall,
however, bz supported by shoring where necessary
to ensure proper and speedy excavation. In
case, the width of the road or lane where the
work of excavation is to be carried out is so
narrow as to warrant the stacking of materials
near the trench, the same shall be taken away
to a place to be decided by the Bngineer incharge.
This excavated material shall be brought back
to the site of work for filling the trench.

7.1.1.3 Shoring

The shoring shall be adequate to prevent
caving in of the trench walls or suybsidence of
areas adjacent to the trench. In narrow trenches
of limited depth, a simple form of shoring shall

consist of a pair of 40 to 50 mm thick and 30 cm
wide planks set vertically at intervals and firmly
strutted. For wider and deeper trenches a system
of wall plates (wales) and struts of heavy timber
section is commonly used. Continuous sheeting
shall be provided outside the wall plates to
maintain the stability of the trench walls. The
number and the size of the wall plates shall be
fixed considering the depth of trench and the type
of soil. The cross struts shall be fixed in a manner
to maintain Fressure against the wall plates which
in turn shall be kept pressed against the timber
sheeting by means of timber wedges or dog spikes.

In noncohesive soils combined with consi-
derable ground water, it may be necessary to
use continuous finterlocking sheet steel piling
to prevent excessive soil movements due to ground
water percolation. Such sheet piling shall extend
at least 1.5 m below the bottom of the trench
unless the lower part of the trench is in firm
material. In case of deep trenches, if conditions
demand, excavation and shoring may be done
in stages.

In case the presence of water is likely to
create unstable sol conditions, a wellpoint system
shall be employed to drain the immediate area
of the sewer trench prior to excavation operation.
A wellpoint system consists of a series of per-
forated pipes driven or jetted into the water
bearing strata on either side of a sewer trench
and connected with a header pipe leading to
a pump.

In the event of excavations being made
deeper than necessary, the same shall be filled
in with cement concrete of appropriate grade.

7.1.1.4 Underground services

All pipes, ducts, cables, mains and other
services exposed due to the excavation shall be
effectively supported.

7.1.1.5 Dewatering

Trenches for sewer construction shall be
dewatered for the placement of concrete and the
laying of pipe sewer or construction of concrete
or brick sewer and kept dewatered until the con-
crete foundations, pipe joints or brick work and
concrete have cured. The pumped out water
from the trenches shall be disposed of in the
existing storm water drainage arrangement near-
by. In the absence of any such arrangement
the pumped water may be dralned through the
completed portion of sewer to a permissible
place of disposal. Where a trench is to be main-
tained dry for a sufficient period of time to permit
the placement of forms for sewer construction,
an underdrain shall be laid of granular material
leading to a sump for further disposal.

.’; |‘.



7.1.1.6 Foundation

Where a sewer has to be laid ina soft under
ground strata or in a reclaimed land, the trench
shall be excavated deeper than what is ordinarily
required. The trench bottom shall be stabilised
by the addition of coarse gravel or rock; in case
of very bad soil the trench bottom shall be filled
in with cement concrete of appropriate grade,

In areas subject to subsidence, pipe sewer
shall be lald on a timber platform or concrete
cradle supported on piles.

In the case of cast-in-situ sewers, an R. C. C.
section with both transverse and longitudinal
steel reinforcement shall be provided when inter-
mittent varlations in soil bearing capacity are
encountered. In case of long stretches of very
soft trench bottom, sofl stabilization shall be
done either by rubble, concrete or wooden crib.

7.1.2 Tunnelling

Tunnels are employed in sewer systems when
it becomes economical, considering the nature
of soll to be excavated and surface conditions
with reference to the depth at which the sewer is
to be lald. Generally in soft soils the minimum
depth is about 10m; in rocks, however, tunnels
may be adopted at lesser depths. Crowded
conditions on the surface, expensive Construc-
tions or presence of other service facilities near
the surface sometimes makes it advantageous
to tunnel at shallower depths. Each situation
has to be analysed in detail before any decision
to tunnel is taken.

7.1.2.1. Shafts

Shafts are essential in tunnelling to gain
access to the depth at which tunnelling is to
be done and to remove the excavated material.
The size of shaft depends on the type and size
of machinery employed for tunnelling irrespective
of the size of the sewer. Care should be taken
to provide proper timbering or sheeting during
construction.

Shafts are not normally placed at less than
150 m depending on the depth and size of tunnel,
surface conditions and type of materfal excavated.
Shallower cover on the tunnel demands closer
shafts. Provision of numerous shafts, which
allows for materialto be removed more econom.-
cally, should be balanced against the extra cost
of the shafts.

7.1.2.2 Ventilation

All tunnels more than 15 m in length should
be provided with ventilation arrangement. Under
normal conditions, the requirement of air per
‘person working in the tunnel is about 2.2 m 3/min.
If explosive gases are met or if hot conditions
develop, then the requirement increases to 5 or 6
times, Careful consideration should be given
for providing the necessary facilities for proper
ventilation to meet the requirements of the workers.

7.1.2.3 Construction

The line and grade of sewer can be transferred
to the tunnel work, from the completed position
of sewer, if the tunnel is to continue in the sameg

43

alignment. When tunnelling begins from an
{solated shaft, Iot of care fs to be taken to transfer
the line and grade from the surface. If the
tunnel work extends for long lengths, especially
in a curvilinear alignment, it Is necessary to drive
vertical line pipes to the elevation of the tunnel
at intervals of 180 m or less, so that plumblines
could be dropped through them when excavation
reaches these pofnts for checking the alignment
and grade.

Alignment of the sewer or tunnel can also
be transferred to the bottom of the shaft using
wire plumb lines which are heavily weighted with
cylindrical steel plumb weights kept freely im-
mersed in a bucket of oil to prevent rotation.
The alignment can then be transferred to the
spads, set in the roof of the tunmel, by transit
and can be extended as the work of tunnelling
proceeds. Alignment can be checked with reference
to markers on finished sections and from line
pipes as encountered.

Tunnel grad= can be carried through the
excavated portions on bench marks set in the
tunnel wall or in case of small boxes, carried
down from the bench marks set in the roof
in conjunction with alignment spads.

7.1.2.4 Methods

The tuunnelling methods adopted for sewer
construction can be classified generally as auger
or borlng; jacking of preformed steel or concrete
lining; and mining methods.

(a) AUGER OR BORING

In this method, rigid steel or concrete pipes
are pushed into ground to reasonable distances
and the earth removed by mechanical means
from the shaft or pit location. Presence of
boulders is a serious deterrent for adoption of
this method, in which case it may be more econo-
mical to first install an oversize lining by conven-
tional tunnelling or jacking and then place the
smaller pipe within the liner pipe and 6ll the
space between the pipe and lining with sand,
cement or concrete.

(b) JACKING

In this procedure, the leading pipe is provided
with a cutter or edge to protect the pipe while
jacking. Soil is gradually excavated by hand
and removed through the pipe as successive lengths
of pipes are added between the leading pipe and
the jacks and pushed forward taking care to limit
the jacking upto the point of excavation. This
method usually resylts in minimum disturbance
of the natural soils adjacent to the pipe Jacking
operation should continue without interruption
as otherwise soil friction may increase, making
the operation more difficult.

Jacking of permanent tunnel lining is gene-
rally adopted for sewers of sizes varying from
750 to 2750 mm, depending upon the conditions
of soil and the location of the line. Thefpipes
selected should be able to withstand the loads
exerted by the jacking procedure. The most
common pipes used for this are reinforced con-
grete or steel. '



(c) MINING

Tunnels larger than 1.5 m are normally built
with the use of tunnel shields, boring machines
or by open face mining depending on the type
of material met with. Rock tunmels normally
are excavated opzn-face with conventional mining
methods or with boring tools.

Tunnel shields are used as a safety precaution
in mining operations in very soft clay or in run-
ning sand especially in built up arcas. In this
method, a primary lining of adequate strength
to support the surrounding earth is installed to
provide a progressive backstop for the jacks which
advance the shield. As the excavation continues
the lining may be installed either against the
earth, filling the annular space by grouting with
pea gravel or the lining may be expanded against
the earth as the shield advances; the latter eli-
minating need for any grouting.

Boring machines of different types have
been developed for tunnel excavation in clay
and rock. They are usually provided with cutters
mounted on a rotating head which is moved
forward as boring opsrations continue. Earth
excavated is usually carried by a conveyor system.
Some machines are also equipped with shields.
Though the machines are useful in fairly long
runs through similar material, difficulties are
encountered when the material to be excavated
varies.

Open facc mining without shields are adopted
in particular instances where the conditions permit
such operation as in rock. Segmental support
of timber or steel is used for the sides and the
top of the tunnel,

7.1.3 Laying of Pipe Sewers

In laying sewers, the centre of each manhole
shall be marked by a peg. Two wooden posts
100mm X 100mm X 1800mm high shall be
fixed on either side at nearly equal distance from
the peg and sufficiently clear of all intended
excavation. The sight rail when fixed on these
posts shall cross the centre of manhole. The sight
rails made from 25 cm wide x 40 mm thick
wooden planks and screwed with the top edge
against the level marks shall be fixed at
distances more than 30 m apart along the sewer
alignment. The centre line of the sewer shall be
marked on the sight rail. These vertical posts
and the sight rails shall be pzrfectly square and
planed smooth on all sides and edges. The sight
rails shall be painted half white and half black
alternately on both the sides and the tee heads
and cross pieces of the boning rods shall be
painted black. When the sewers convergingto a
manhole come in at various levels there shall be a
rail fixed for every different level.

The boning rods with cross section 75 x 50

mm of various lengths shall be prepared from

wood. Each length shall be a certain number

of metres and shall have a fixed tee head and

fixed intermedite cross pieces, each about 300

~mm long. The top edge of the cross piece shall
be fixed at a distance below the top edge equaj
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to, the outside dia of thc pipe, the thickness
of the concrete bedding or the bottom of exca-
vation, as the case may be. The boning staff
shall be marked on both sides to indicate its full
length. .

The posts and the sight rails shall in no case
be removed until the trench is excavated, the
pipes are lald, jointed and the filling is started.

Where large sewer lines are to be laid or
where sloped trench walls result in top-of-
trench widths too great for practical use of sight
rails or where soils are unstable, stakes set in the
trench bottom itself on the sewer line, as rough
grade for the sewer is completed, would serve
the purpose.

7.1.3.1 Stoneware pipes

The stoneware pipes shall be laid with sockets
facing up the gradient, on desired bedding.
Special bedding, haunching or encasing may be
provided where conditions so demand (as dis-
cussed in Chapter 6). All the pipes shall be
laid perfectly true, both to line and gradient.
(IS : 4127). At the close of each day’s work or
at such other times when pipe is not being laid,
the end of the pipe should be protected by a
close fitting stopper.

7132 R. C. C. pipes

The R. C. C. pipes shall be laid in position
over proper bedding, the type of which may be
determined in advance, the abutting faces of the
pipes being coated by means of a brush with
bitumen in liquid condition. The wedge shaped
groove in the end of the pipe shall be filled with
sufficient quantity of ecither special bituminous
compound or sufficient quantity of cement
mortar in grade M-100 or M-250. The collar
shall then be slipped over the’end of the pipe
and the next pipe butted well against the plastic
ring by appliances so as to compress roughly the
plastic ring or cement mortar into the grooves,
care being taken to see that concentricity of the
pipes and the levels are not disturbed during the
operation. Spigot and socket R. C. C. pipes
shall be laid in a manner similar to stoneware
spigot and socket pipes. The structural require-
ments as discussed in Chapter 6 and IS : 783
should be followed.

7.1.3.3 Cast-in-situ concrete sections

For sewer sizes beyond 2 m internal dia,
cast-in-situ concrete scctions shall generally be
used, the choice depending upon the relative
costs worked out for the specific project. The
concrete shall be cast in suitable number of lifts
usually two or three. The lifts are generally desi-
gnated as the invert, the side wall and the arch,

7.1.3.4 Construction of brick sewers .

Sewers larger than 2 m are generally cons-
tructed in brick work. The brick work shall be
in CM 1 :3 and plastered smooth with cement
plaster in 1 :2, 20 mm thick both from inside
and outside. A change in the alignment of
brick sewer shall be on a suitable curve conforming
to the surface alignment of the road. Cons-
truction shall conform to IS : 2212 in general,
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7.1.3.5 _Cast iron pipes

The pipes shall be laid in position with the
socket ends of all pipes facing up gradient. Any
deviations efther in plan or elevation of less than
114° shall be effected by laying the straight pipes
round the flat curve of such radius that the mini-
mum thickness of lead at the face of the socket
shall not be reduced below 6 mm. The spigot
shall be carefully pursued into the socket with
one or more laps of spun yarn wound round it.
Each joint shall be tested before running the lead,
by passing completely round it, a wooden gauge
notched out to the correct depth of lead and the
notch being held close up against the face of the
socket. IS : 3114 should be followed in setting
out the sewers.

7.1.4 Jointing of Sewers
7.1.4.1 Stoneware pipes

All the pipe joints shall be caulked with
tarred gasket in one length for each joint and
suificiently long to entircly surround the spigot
end of the pipe. The gasket shall be caulked
lightly home but not so as to occupy more than a
quarter of the socket depth. The socket shall
then be filled with a mixture of one part of cement
and one part of clean fine sand mixed with just
sufficient quantity of water to have a consistency
of scmi-dry condition and a fillet shall be formed
round the joint with a trowel forming an angle
45° with the barrel of the pipe (IS :4127). Rubber
gaskets may also be used for jointing.

7.1.4.2. Concrete pipes

The collars shall be placed symmetrically
over the end of two pipes and the annular space
between the inside of the collar and the outside
of the pipe shall be filled with hemp yarn soaked
in tar or cement slurry tamped with just sufficient
quantity of water to have a consistency of semi-
dry condition, well packed and thoroughly rammed
with caulking tools and then filled with cement
mortar 1 : 2. The joints shall be finished off
with a fillet sloping at 45° to the surface of the
pipe. The finished joints shall be protected and
cured for atleast 24 hours. Any plastic solution
or cement mortar that may have squeezed in
shall be removed to leave the inside of the pipe
perfectly clean. (IS : 783).

7.1.43 C. I pipes

The C.I. pipes shall be examincd for line
and level and the space left in the socket sha}l
be filled in by pouring molten pig lead. This
shall be done by using proper leading ring.
One or two air vents shall be provided around
the lower end of the joint. The lead used shall be
soft and of best quality conforming to IS:782.
The quantity and depth of lead to be used per
joint as well as general procedure for jointing
shall be in accordance with IS:3114.

Rubber rings and plastic joints may also
be used in special cases.

7.1.5 Hydraulic Testing . of Pipe Sewers

7.1.5.1 Water test
Each section of sewer shall be tested for
water tightness preferably between manhole.
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To prevent change in alignment and distur-
bance after the pipes have been laid, it is desir-
able to backfill the pipes upto the top, keeping
atleast 90 c¢m length of the pipe open at the joiats.
However, this may not be feasible in the case
of pipes of shorter length, such as stoneware
and RCC pipes. With concrete encasement
or concrete cradle, partial covering of the pipe
is not necessary. :

In case of concrete and stoneware pipes
with cement mortar joints, pipes shall be tested
three davs after the cement mortar joints have
been made. It is necessary that the pipelines
are filled with water for about a week before
commencing the application of pressure to allow
for the absorption by pipe wall.

The sewers are tested by plugging the upper
end with a provision for an air outlet pipe with
stop cock. The water is filled through a fun-
nel connected at the lower end provided with
a plug. After the air has been expelled through
the air outlet, the stop cock is closed and water
level in the funnel is raised to 2 m above the
invert at the upper end. Water level in the
funnel is noted after 30 minutes and the
quantity of water required to restore the original
water level in the funnel is determined. The
pipe line under pressure is then inspected
while the funnel is still in position. There shall
not be any leaks in the pipe or the joints (small
sweating on the pipe surface is permitted).
Leakage in 30 minutes determined by measuring
the replenished water in the funnel shall not
exceed 15 ml in the smaller dia and 60 ml.
in the larger dia per cm dia of pipe for 100 m
length. Any sewer or part thereof that does not
meet the test shall b emptied and repaired or
relaid as required and tested again.

For concrete, R. C. C. and Asbestos cement
pipes of more than 600 mm dia, the quantity of
water inflow can be increased by 109, for each
additional 100 mm of pipe dia.

For brick sewers, regardless of their dia, the
permissible leakage of water shall not exceed
10m3/24 hrs per km length of sewer.

7.1.5.2. Air testing

Air testing becomes necessary particularly
in large dia pipes when the required quantity of
water is not available for testing.

It is done by subjecting the stretch of pipe
to an air pressure of 100 mm of water by means of
a hand pump. If the pressure is maintained at
75 mm, the joints shall be assumed to be water
tight. In case the drop is more than 25 mm the
lcaking joints shall be traced and suitably treated
to ensure water tightness. The exact point of
feakage can be detected by applying soap solu-
tion to all the joints in the line and looking for
air bubbles.

7.1.6 Check for Obstruction

As soon as a stretch of sewer is laid and
tested, a double disc or solid or closed cylinder,
75 mm less in dimension than the internal



dimeasion of the sewer shall be run through the
stretch of the sewer to ensure that it is free
from any obstruction.

7.1.7 Construction of Manholes

The manholes shall be constructed simul-
taneously with the sewers. The manholes shall
normally bz of brick-work in cement morta rl : 3
and plastered both inside and outside with20 mm
thick cement plaster in CM :1:2. Tae foundation
of manholes shall be 15 cm thick cement concrete
of appropriate grade and thickness may be in-
creased to 30 cm when subsoil water is encountered,
the projection of concrete being 10 cm on all
sides of the external face of brick work. The
floor of the manholes shall be in cement concrete
of appropriate grade. Salt glazed or concrete half
channel pipes of the required size and curve shall
be laid and embedded in Cement on the concrete
base to the same line and fall as the sewer. Both
sides of the channel pipes shall be benched up in
concrete and rendered smooth in 20 mm thick
cement mortar and formed to a slope 1 in 10 to
the channel. Bricks on edge shall be cut to a
proper form and laid around the wupper half of
all the pipes entering or leaving the manhole, to
form an arch. All around the pipe there shall
be a joint of cement mortar 12 mm thick between
the pipe and the bricks. The ends of the pipes shall
be built in and neatly finished off with cement
mortar. The masonry shaft or the manhole shall
be provided on the top with a heavy air tight cast
iron frame and cover conforming to IS : 1726.
Where the depth of the manhole exceeds 90 cm
below the surface of the ground, cast iron steps
shall be built into the brickwork. The distance
bstween the two consecutive steps shall not be
more than 40 cm. The top of manhole shall
be flush with the finished road level (IS : 4111
Part I—Manholes).

The entire height of the manhole shall be
tested for watertightness by closing both the
incoming and outgoing ends of the sewer and
filling the manhole with water. A drop in water
level not more than 50 mm per 24 hours shall be
permitted. In case of high subsoil water it
should be ensured that there is no leakage of
ground water into the manhole by observing the
manhole for 30 minutes after emptying it.

7.1.8 Sewer Connections

These shall be laid in the same manner as
the sewer. In case the connection is at a level
higher than 60 cm, a vertical drop arrangement
comprising of 90° bend or a double tee junction
encased in 1/2 brick-thick brick work shall be
provided. The drop arrangement shall be in
brick work in CM 1:3 plastered with 20 mm thick
cement plaster from outside in CM 1:2. The
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owest bend may preferably be of cast iron and
the entire vertical pipeline encased in concrete.
The top end of the drop arrangement in the
manhole, when a tee is used, shall be plugged
with brick work with a conspicuous mark thereon
so that in case a serious sewer choke occurs in
the incoming line, this end can be made use of
for rodding purposes.

7.1.9 Backfilling of the Trenches

Backfilling of the sewer trench is a very
important consideration in sewer construction.
The method of backfilling to be used varies
with the width of the trench, the character of the
material excavated, the method of excavation
and the degree of compaction rtequired. In
developad streets, a high degree of compaction
is required to minimise the load whilein less
important streets, a more moderate specification
for back fill may be justified. In open country
it may be sufficient to mound the trench and
after natural settlement return to regrade the areas.

No trench shall be filled in unless the sewer
stretches have been tested and approved for water-
tightness of joints. However partial filling may be
done keeping the joints open to avoid disturbance.
The refilling shall proceed around and above
the pipes. Soft material screened free from
stones or hard substances shall first be used and
hand pressed under and around the 1pipes to half
their height. Similar soft matcrial shall then
be put upto a height of 30 cm above the top of the
pipe and this will be moistened with water and
well rammed. The remainder of the trench can
be filled with hard material, in stages, each not
exceeding 60 cm. At each stage the filling shall
be well rammed, consolidated and completely
saturated with water and then only further filling-
in shall be continued. Before and during the
backfilling of a trench, precautions shall be taken
against the floatation of the pipe line due to the
entry of large quantities of water into the trench
causing an uplift of the empty or the partly filled
pipe line. Upon completion of the backfill, the
surface shall be restored fully to the level that
existed prior to the construction of the sewer.

7.1.10 Removal of sheeting

Sheeting driven below the spring line of a
sewer shall be withdrawn a little at a time as the
back-filling progresses. Some of the backfilled
earth is forced into the void created by withdrawing
the sheeting by means of a water jet. To avoid
any damage to buildings, cables, gas mains,
water mains, sewers etc., near the excavation or
to avoid disturbance to the sewer already laid
portions of the sheeting may be left in the trenches.
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CHAPTER 8§

v MAINTENANCE OF SEWERAGE SYSTEMS

A

Maintenance of sewers in general relates to
the work of keeping any installed sewerage facility
in a working condition for the benefit of the
pzople for whom it is intended. It may be pre-
ventive or routine maintenance which constitutes
works executed and precaution taken to prevent
any breakdown of sewerag: facilities or corrective
maintenance which constitutes work of repairs
after a breakdown has occurred. Preventive main-
t2nance is more economical and provides for
reliability in opzration of the sewerage facilities;
nsvertheless corrective maintenance will also
have to bz provided for, as breakdowns are
possible inspite of the preventive maintenance.

Sewer maintenance functions are too often
treated as a necessary evil, to be given attention
only as emsrgency arises. Adequate budgets are
szldom provided for supervision, manpower and
equipment, unlike the case for maintenance of
other utilities like electric cables, telephone cables,
gas and water mains. This casual attitude
towards sewer maintenance is found even in
large cities. In other words, it has not become a
¢“felt nzed’” for the authorities to care for.

Allefforts should be made to see that there is
no failure in the internal drainage system of a
premises. A serious health hazard results when
sewage backs up through the plumbing fixtures
or into the basements. The householder is
confronted with the unpleasant task of cleaning
the premises after the sewer line has been cleaned.
Extensive property damage may also occur,
particularly where expensive appliances are located
in the basements.

Maintenance helps to protect the capital
investment and ensures an effective and economical
expzanditure in operating the sewerage facilities,
It also helps to build up and maintain cordial
relations with the public, whose understanding
and support are essential for the success of the
facility.

The organisation responsible for the main-
tenance of the sewerage system will vary with the
size and type of the sewerage system and the
relative age of the system. The larger the Muni-
cipality, the larger and more complex will be its
maintenance organization. The size of the orga-
nization will vary from a couple of employees
to several hundred regular employees. The pri-
mary effort of the staff is to maintain sewers free
flowing and unobstructed.

The sewer system with its components pro-
perly designed and installed is handed over to
the personincharge of maintenance who assumes

the responsibility to make it function satisfactorily
for the benefit of the community. He should
have sufficient experience in the design and cons-
truction of the system to enable him to perform
his task efficienmtly with an understanding and
appreciation of the problems that may arise
during maintenance. He has not only to be a
technical man but has also to deal with human
relations in order to be successful in his work.
Inservice training shall be imparted to the main-
tenance personnel to improve upon the methods
adopted based on the latest trends. Failure to
develop a better understanding of human relations
and also lack of development of the concept of
‘“‘service to the community” generally results in
the maintenance part becoming unpopular.

8.1 PROVISIONS IN DESIGN

Maintenance really begins with the design
and construction of the sewerage system. Hence
due consideration shall be given to maintenance
requirements at the time of designing sewerage
systems.

Since sewer maintenance has to commence
from manholes which are located in the streets.
the size of the manholes must be designed to
permit safe access and sufficient working space.
The sewers shall be Jaid at a sufficient grade to
provide self cleansing velocity. Inverted siphons
should be avoided wherever possible.

In a pumping station for protection against
physical injury and bacterial infection, the follow-
ing are to be observed :

1. Staircases, tanks and other deep openings
should be enclosed by suitable guards or
railings.

2. Staircases with non-skid treads and hand
rails shall be provided in preference to
ladders.

3. Machinery should be conveniently located
with adequate space for access and
operation.

4. All moving parts shall be provided with
guards.

5. Proper insulation and earthing of all
equipment and wiring should be done.

6. Adequate ventilation, illumination and
fire protection measures should be pro~
vided.

7. Provision of a continuous safe water
supply for personal cleanliness should
be ensured.

8. Cross connection between the water supply
and sewer lines should be avoided.



9. Where sewage or sludge or gas is collzcted
or wazre chlorine is stored and handled,
duz consideration for protection against
possible gas hazards should b: given
while designing the structures.

10. Tae number and capacity of eaca pumping
uanit shall be sclecied to prevent Ssur-
charged conditions in pumping stations,
undue detention of sewage in the wet
well causing settlement in the well
and surcharge conditions of the sewers.

8.2 SEWER MAINTENANCE

[t is most essz2ntial to protect the sewers and
10 preserve their capacity by prohibiting discharge
into thz sysiem of wastes that will damage the
system or cause odours or bring about explosive
conditions and carry out a regular sewer cleaning
programme to prevent and remove obstructions
that occur in the course of normal and proper
usz of the system. The carrying capacity of a
sawer is d:pzndent upon its internal diameter.
This capacity may be reduced by accumulations
or obstructions resulting from the discharge of
grease and visCous materials into sewers.

8.2.1. Problems
8.2.1.1 Clogging of sewcrs

The factors responsible for the clogging of
sewers may be |

(a) d:position of grit or other deiritus which
creates stagnation resulting in the putre-
faction of organic matter giving rise
to odours and poisonous gases; deposi-
tion of grease from hot liquid wastes
from kitchens finding entry into the
sewsrs, getting cooled and deposited
on the sides which in course of time
may lead to clogging;

(b) penetration of roots from npearby trees
through the joints or cracks in the
sewers which eventually choke up the
SeWers;

(c) growth of fungi which forms a network
of tendrils and starts floating, offering
an obstruction to the free flow inside the
Sewers;

(d) d:position of tarry materials assisting in
binding the detritus and leading to
their growth;

() stagnation of sewage in the sewer due to
improper Wworking of pumping units
leading to settlement of grit and other
materials and dumping of solid wastes
in the manholes indiscriminately.

8.2.1.2. Hazards

Personanel engaged in operation and main-
tenance of s:werage systems including sewage
pumping stations are exposed to different types
of occupational hazacds like physical injuries, in-
juries caused by chemicals and radioactive wastes,
infections caused by pathogenic organisms in
szwags and dangers inherent with explosive or
noxious vapours and oxygen deficiency.
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The health and safety of personnel can be
safeguarded to a great extent by taking the likely
hazards into consideration at the time of designing
the sewers, sewer appurtenances and pumping
stations. Hazards which are still possible i[nspile
of due consideration being given at the design
stages, can be reduced by use of safety equipment
and precautions appropriate for each hazardous
condition. Finally to guard against human error
and carelessness, proper job instructibns and
adequate effective supervision by competent per-
sonnel are most essential.

“Sewer gas” is a mixture of gascs in sewers
and manbholes containing abnormally high per-
centage of carbon dioxide, varying amounts of
methane, hydrogen, hydrogen sulphide and low
percentages of oxygen caused by septic action
through the accumulation of organic matter
inside the sewer. The actual bazard is due to
the presence of high levels of methane forming
an explosive mixture or the oxygen deficiency or
hydrogen sulphide in excess of permissible levels.
Some times trade wastes may also contribute
to other gases like chlorine, ammonia, sulphur-
dioxide etc.

The characteristics of common gases en-
countered in sewers, sewage pumping stations
and sewage treatment plants, their physiological
effects and safe exposure limits are detailed in
Appendix—8.

A noxious gas or vapour is any gas or
vapour that is directly or indirectly injurious or
destructive to the health or life of human beings.
It can be a simple asphyxiant, chemical asphyxiant,
irritant, volatile solvent or a combustible gas.

Simple asphyxiants are the physiologically
inert gases like nitrogen, methane and hydrogen
which when breathed in high concentrations act
mechanically by excluding oxygen.

Chemical asphyxiants are substances like
carbon monoxide which by combining with the
haemoglobin of the blood or with some consti-
tuents of the tissues either prevent oxygen from
reaching the tissues or prevent the tissues from
using it.

Irritants are substances like chlorine which
injure the air passage and lungs and induce in-

flammation in the surface of the respiratory
tract.

Volatile solvents and drug-like substances
exert little or no effect on the lungs but affect the
nervous system inducing apaesthesia. Inorga-
nic and organic metallic poisonous substances
in a volatile form prove toxic after their absorp-
tion into the body.

Combustible vapours will burn as long as
they are in contact with a flame, spark or a heated
material having a temperature equal to or greater
than the ignition temperature of the gas or vapour
and provided there is enough oXygen present
for combustion. The reaction of the gas or
vapour with the oxygen of the air, resulting in
progressive combustion, or propagation of flame,
occurs only when the concentration of the gas

fi .
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or vapour is within certain limits expressed as

zrczntage of gas or vapour in air by volume.
Thzsz limits are called “‘explosive limits”. Qutside
th=se limits, local combustion may occur at the
soutc: of ignition but there will be no propagation
of flam: and hsnce the combustion ceases on
removal of thz source of ignition. Within the
limits, along with the propagation of the flame
through the mixture, there will be development
of pressure leading to violent explosion.

8.2.2 Precautions
8.2.2.1 Precautions against gas hazards

Whazn a sew:r or a manhole has to be entered
for clzaning or clzaring an obstruction, it will be
advisable to go in for efficient ventilation either
natural or forced and get assured that the atmos-
phzre inside the manhole or sewer is free from
oxygen deficiency and noxious gases or vapours.
Where such clearance of the noxious atmos-
phere by ventilation is not possible, or time con-
suming, the following precautions must be taken
bafore entering into the manhole or sewer :

(i) traffic warning signs should be crected;

(ii) no smoking or open flames should be
allowed and sparks guarded against;

(iii) only safety, explosion-proof electric
lighting equipment or mirrots for re-
flaction of light should be used;

(iv) the atmosphere should be tested for
noxious gases and oxygen deficiency;

(v) if the atmoshpere is normal, the worker
may enter in the manhole or sewer
with safety harness attached with two
men available at the top;

(vi) if any noxious gas or oxygen deficiency is
found, forced ventilation should be
rasorted to using a portable blower;

(vii) frzquent tests as in item (iv) should be
conducted even if the initial tests are
satisfactory, as coaditions may change
during the period the workers are
inside the manbole or sewers;

(viii) if forced ventilation is not possible
or is not satisfactory and men have to
entec urgently, such as in saving a life,
a gas mask should be worn and extreme
care taken to avoid all source of ignition
if inflammable gas is present. Oaly
permissible safsty lights (not orcinary
flash lights), rubbers or uon-sparking
shoes and ncn-sparking tools should be
used.

(ix) Oaly parsonnel experienced in the line
and familiar with the dangers involved
in working in a noxious gas environ-
ment and fully equipped with the proper
protective safety equipment should be
allowed to euter.

8.2.2.2. Precautions against infections

The personnel working in sewerage main-
tenance systems are prone to infections and hence
the following precautions should be taken.
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(1) emergency first aid treatment kits shall be
provided to take care of all minor inju-
rics like cuts and burns;

(i1) a physician’s services should be available
for emergencies;

(iil) the workers should be educated about
the hazards of waterborne diseases such
as typhold and cholera through sewage
and tetanus through cuts and wounds;

(iv) the importance of personal hygiene should
be emphasized and the workers should
be instructed to keep finger nails short
and well trimmed; not to brush fingers
when they arc sore; wash hands with
soap and hot water before taking food:
and to keep fingers out of nose, mouth
and eyes, because the hands carry most
infections;

(v) use of rubber gloves should be insisted so
that sewage or sludge does not come in
direct contact with the hands;

(vi) the workers should be provided with a
complete change of work clothes to be
worn during working hours. Gum boots
should also be provided for the workers;

(vii) in laboratory work, only pippettes with
rubber teats should be used to prevent
contamination of the mouth. Laboratory
glassware should not be used for drinking
purposes. In no event food should be
prepared in the laboratory.

8.2.3. Safety Equipment

The various safety equipments that are nor-
mally required in scwer maintenance work are
gas masks, oxygen breathing apparatus, portable
lighting equipment, nonsparking tools, portable
air blowers, safety belts and inhalators.

The use of the particular safety equipment is
governed bv th: detection of various gases and
oxygen deficiency.

A knowledge of the type of gases in the at-
mosphere of the working location becomes essen-
tial for the selection of the right tvpe of safety
equipment. Equipment and simple tests for dete-
ction of various gases and oxygen deficiency
are furnished in Appendix—9.

8.2.3.1 Gasmasks

General purpose gas masks are used for respira-
tory protection from low and moderately high con-
centrations of all tvpes of toxic gases and vapours
present in the atmosphere in which there is suffi-
cient oxygen to support life. Masks afford neces-
sary respiratory protection under many circum-
stances but it is most important to know the limita-
tions of the various types available and to be
familiar with their use. Even when masks are used
properly, other precautions such as never using
open flames or creating sparks in the presence
of inflammable gases must be taken. The general
purpose gas masks affords protection against
organic vapours, acid gases, carbon monoxide
upto 2 per cent concentration, toxic dusts, fumes
and smoke.



The gas mask consists of aface piece, a canister
containing purifying chemicals, a timer for showing
duration of service and a harness for support.
Protection against specific contaminants can be
achieved by the selection of appropriate canisters.

Persons using gas masks should practise
regularly with them in order to become proficient
in putting them on quickly and breathing through
them.

Gas masks cannot be used in oxygen deficient
atmospheres or in unventilated locations or arcas
where large concentrations of poisonous gases
exist.

8.2.3.2. Oxygen_breathing apparatus

This is designed for respiratory protection
from atmosphere that contains very high concen-
trations of toxic gases and vapours or that are
deficient in oxygem. It fully protects a worker
against all gases, vapours, dusts, fumes, smokes and
oxygen deficiencies and can be safely used in pstro-
leum vapours and is the most dependable device
for work in atmospheres normally ,encountered
in sewage works.

This can be either an air hose respirator or a
pure oxygen respirator.

(a) AIR HOSE RESPIRATOR

This is used where a source of fresh air is
available within a distance of 50 m from the wor-
king location. [t is essential that the supply of air
is obtained from an uncontaminated source.

It consists of a)mask which is a tight fitting face
piece attached to a large dia flexible hose, breathing
tubes and a harness. Fresh air is blown to the mask
through either a power operated or,a hand, operated
blower. An inhalation check valve in the breathing
tube assembly and exhalation valve in jthe face
piece permit air flow only in one direction, from
tbe source to the mask, when the blower is in opera-
tion. Exhaled air is released into the surrounding
atmosphere through the exhalation valve. The
valve arrapgement permits the wearer to breathe
directly through the hose in the event of blower
failure. The maximum length of hose will be about
50 m. The hose, being of large diameter, permits
breathing without excessive resistance inthe event
of blower failure. A special pressure release valve
on the blower permits regulation of air delivery
and a fresh air bypass valve functions automati-
cally in the event of blower failure permitting the
wearer to breathe directly through the hose.
When a hand operated blower is used the operator
will be available to attend to any emergent situa-
tion also.

This apparatus does not depend on chemical’
and may be used over extended periods at low
costs.

(b) PURE OXYGEN RESPIRATOR

This is used where a source of fresh air is not
available within 50 m to permit the use of an air
hose respirator or in situations where an air
hose would encumber the worker.

It consists of a mask, similar to that of the
air hose respirator, attached to asteel cylinder or
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bottle containing oxygen under high pressure,

a pressure reducing valve to supply oxygen to the

wearer as needed, at slightly higher than normal

pressure, a canister that holds chemicals to absorb

<l:)arbon dioxide from exhaled air and a breathing
ag.

8.2.3.3. Portable lighting equipment

The equipment normally used are of portable
electric hand lamps of permissible types, electric
cap lamps and explosion proof flash lights.

8.2.3.4 Nonsparking 1ools

These are made of an alloy (containing at
least 80 per cent of copper) that will not spark
when struck against other objects and metals and
yet retains the necessary strength and resistance
to wear.

8.2.3.5. Portable air blowers

Forced ventilation of manholes, pits and tanks
can be provided by portable air blowers powered
by enclosed cxplosion proof motors. Special
precautions should be taken to ensure that the
blowers do not serve as a source of ignition for
inflammable gases. Such precautions shall include
placing of the blower upwind from the manhole or
at right angles to the wind direction and at least
2 m away from the opening. The use of such equip-
ment requires a consideration of the depth of the
mdnhole, size of enclosure and the number of
openings to uncontaminated atmosphere. Trailer
mounted blower having a capacity of 210 m?%min
can ventilate easily many metres of medium sized
Sewers.

8.2.3.6. Safety belt

This consists of a body belt with a buckle and
a shoulder harness. The life line is of high grade
spliced manila rope or a steel cable anchored with
rings, on each side of the belt and provided with
safety straps for anchoring or securing to a stable
support. The life line should be about 15 m in
length and the overall assembly should be capable
of withstanding a tensile load of 2000 kg. The safety
belt and life line should be tested by lifting the
wearer clear of ground before each day’s use.

8.2.3.7 Inhalators

Approved inhalators employing a mixture of
oxygen and carbon dioxide are used for resus-
citating victims of gas collapse, drowning or electric
shock. Artificial respiration should be started at
once on the patient and an inhalator face piece
attached to the victim’s mouth as soon as the equip-
ment can be made ready. The carbon dioxide used
in small percentages stimulates deep breathing so
that morc oxygen may be inhaled. Pure oxygen
should be used only when irritant gases such as
hydrogen sulphide or chlorine have caused the
victim’s collapse.

8.2.4 Sewer Clearing Equipment and Devices

Sewer cleaning work calls for the following
equipments and devices like a portable pump set
running on either diesel or petrol engine, sectional
sewer rods, flexible sewer rods with thick manila
rope for manual cleaning, a ferret used in conjunction
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with a firehose, a sewer cleaning bucket machine,
a dredger, ; a rodding _machine with flexible
sewer rods and cleaning tool attachments such
as augers, corkscrews, hedgehogs and  sang cups,
scraper, automatic flushing tanks and hydrauli-
cally propelled devices such as flush bags, sewer
balls, wooden ball and sewer scooters.

8.2.4.1 Portable pump set

In cases where sewers are blockad completely
and sewage has accumulated in manholes, the
collected sewage has to be pumped out to tackle the
sewer blockage. Such pumps should be of non-
clogging type, preferably on four wheel trailors
for tne larger sizes and should be provided with a
self priming unit to save time and effort. Small
pneumatic pumps can be used where high lifts are
required and the volume of liquid to be pumped
1s not large, such as when pumping out flooded
basements and dewatering deep trench excavations.

8.2.4.2 Sectional Ssewer rods

These rods are used for cleaning small
sewers. The sewer rods may be of bamboo or
teakwood or light metal usually about 1 m long
at the end of which is a coupling which remains
intactin the scwer but can be  easily disjointed in
the manhole. Sections of the rods are pushed down
the sewer until the obstruction is reached and dis-
lodged. The front or the advancing end of the
sewer rod is generally fitted with a cutting edge to
cut and dislodge the obstructions. These rods are
also useful to locate the obstruction from either
manholeincaszthat particular portion of the sewer
has to bz exposzd for repairing the damages.

8.2.4.3 Flexible sewer rod

The flzxible rod used in manual cleaning is
usually made by sandwiching a manila rope
between bamboo strips and tying at short
intervals. The fizxiblerod is introduced first from
one manhole v the other, its end being connected
to a thicker rope which, when dragged down
the sewer, draws out sand and detritus into the
downstream maahole. This method is adopted
in routine cleaning of sewers.

8.2.4.4 Ferret used in conjunction with a fire hose

This is used for breaking and removing
sand stoppages. It uses a fire hose connection and
produces a small but high velocity stream of water
torward (upstream) from a central nozzle and se-
veral lower velocity jets to the rear (downstream).
The forward stream loosens the accumulated
debris ahead of the tool and the rear jets of the
ferrets admit water to wash the sand back down-
stream where it can be removed from the manhole
manually. The ferret must be attached to a fire
hose of sufficient length to reach at least the next
manhole and must be kept in motion to prevent
sand from locking the fire hose in the line.

8.2.4.5 Sewer cleaning bucket machine

The bucket machine consists of two powered
winches with cables in between. In cleaning a sec-
tion of sewer, the winches are centred over two
adjacent manholes. To getthe cable from one winch

to the other, it is necessary to thread the cable
through the sewer line by means of sewer rods.
The cable from the drum of each winch is fastened
to the barrel on cach end of an expansion sewer
bucket fitted with closing device, so that the bucket
can be pulled in either direction by the machine
on the appropriate end. The bucket is pulled into
the loosened material in the sewer until the opera-
tor feels that it is loaded with debris. The motor is
then thrown out of gear and the opposing winch
is put into action. When the reverse pull is started,
the bucket automatically closcs and the dirt
is deposited in a truck or a trailer. This operaticn
is repeated until the line is clear. Various bucket
sizes are available for sewers of 150 to 900 mm in
size. The machine is also used along with other
scraping instruments for loosening sludge banks
of detritus or cutting roots and dislodging
obstructions.

8.2.4.6 Dredger

Adredgercanbe usedtocleanlarger manholes.
It consists of a crane and a pulley with the help
of which a grab bucket is lowered. This scrapes
the bottom deposits and brings it to the ground
where the bucket opensand the silt is automati-
cally dropped into a truck or a trailer. The disad-
vantage in this system is that it cannot clean the
corners of the catchpits of manholes. Sometimes
the deposits at the corners may become so hard
that the same may be required to be chiselled out.

8.2.4.7 Rodding machine with flexible sewer rods

This consists of a machine which rotates a
flexible rod to which is attached the cleaning tool
such as auger, corkscrew or hedgehog and sand
cups. The flexible rod consists of a series of steel
rods with screw couplings. The flexible rod is
guided through the manhole by a bent pipe.
The machine rotates the rod with the tool
attached to one end, the other being fixed to the
machine. Therotating rod is thrust into the bent
pipe manually with clamps withlong handles
holding the rod near the couplings. As the rod
is thrust inside, the machinc also is drawn
towards the manhole. The rod is pulled in
and out in quick succession when the tool is
engaging the obstruction, so as to dislodge
or loosenit. When the obstruction is cleared, the
rod is pulled out by mzans of clamps keeping the
rod rotating to facilitate quick and easy removal.

8.2.4.8 Scraper

This method is used for sewers of dia larger
than 750 mm. The scraperis anassembly of wooden
planks of slightly smaller size than the sewerto be
cleaned. Where the scrapers cannot be lowered
through the opening of a manhole, the scraper has
to be assembled inside the manhole. The scraper
chains, being attached to a control chain in the
manhole where it is lowered, is then connected
to a winch on the next downstream manhole
by means of chains. The winch is then revolved to
push the debris ahead of thc scraper. The
heading up of the flow behind the scraper will
also assist in pushing it in the forward



direction. This ensures that the bottom and the
sidss of the seswer are cleaned thoroughly.
The sccaped debris is removed manually.

8.2.4.9 Automatic flushing tanks

Th: automatic flushing tanks employ an
outside water source with a conirolled flow so
that the required quantity of water is released at
predetermined intervals as discussed in4.1.2.3.

8.2.4.10 Hydraulically propelled devices

The hydraulically propelled devices take ad-
vaatage of the force of impounded water to effec-
tively clear sewers. Efficiency depends on the
hydraulic principle that anincrease in velocity
in a moving stream is accompanied by a greatly

" increaszd ability to move entrained malerial.
The traasportling capacity of water varies as the
sixth power of its velocity.

(a) FLUSH BAGS

A most effective tool for cleaning portions
of szwzrs waare rods cannot be used is the sewer
flushar or flush bag. The flusher is a canvas bag
or rubbzr bag equipped with a fire hose coupler
at one end and a reducer at the other end. The
flusher is connected to the firehose and placed in
the dowasirzam end from the point where a choke
is located. The bag is allowed to fill up until it
expands and seals the sewer. The upstream pressure
built up due to this damming effect breaks J>ose
the obstiructions. Caution must be exercised in
using these types of devices as there is a likelibood
of sewage flowing back into the hose connec-
tions or breaking of the pipesor joints due to
high pressures that may develop.

(b) SEWER BALLS

These are simple elastic pneumatic type
rubber balls which can be blown up to varying
dzgrees of inflation. They are manufactured in
sizes from 150 to 750 mm dia when fully inflated.
Wh:n used in cleaning a sewer, the ball is first
inflated and then wrapped in a canvas cloth, the
edges of which are sewed together. A trial line,
little longer than the distance between the man-
holes, is attached szcurely to the covering. The
sizz of the ball and the covering shall be such
as to fit fairly snugly into the sewer. Immediately
the ballis thrustinto the sewer, sewage commences
to back up in the manhole and continues to rise
uatil such time as its pressure is great enough to
force sewage under the ball and moving it down-
stream through the pipe. Actingas a compressible
floating plug, it affords enough obstruction, so that
a continuous high velocity jet spurts under and to
some extentaround the ball,therebysluicing allthe
movable material ahead to the next manhole.
If the ball encounters an obstruction which is
immovable,the ball merelyindentsto the necessary
degree and moves forward. The only fixed ob-
structions which will stop the forward progress of
the ballis a root mass or some similar obstruction
tightly wedged into the pipe. Bricks, stones, bottle,
loose m:tal parts, broken picces of pipes, sand,
gravel and settled sludge are easily moved ahead.
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If the ball stops momentarily, a pull on the tnal
line is usually sufficient to set it in motion again.
If the pipe is very dirty, the trialline can be tied to
a step in theuppermanhole and the ball’s pro-
gresscan be retarded to therequired degree as the
lower manhole is reached, thus giving time for
complcte removal of accumulated silt and debris
which has piled up ahead of the ball.

A wooden ball, also called a sewer pill, can
also be used for this purpose, particularly for
cleaning large outfall sewers. It is dropped into
the sewer and owing to its buoyant action rolls
along the invert of the sewer. The obstructions
caused by it to the flow produces a vigorous scour-
ing action along the invert and the sides which has
the effect of removing the growths and the depo-
sits from the sewers. This method is cheap and
hence can be used at frequent intervals.

{c) SEWER SCOOTER

This arrangement is an improved version of
the scraper and consists of the two jacks, a control-
ling rope and the scooter with a tight fitting
shield. In contrast to the scraper, the scooter com-
pletely stops any flow of sewage. The scooter,
attached to the control rope,is loweredinto the
manhole and then into the downstream sewer line.
The downstream manhole jack is lowered into
place from the road and the upper manhole jack
set across the top of the manhole.

When the scooter is introduced into the line,
it stops the flow of sewage thus building up a head
behind the shield. The resulting pressure causes
the scooter to move through the sewer until it ac-
cumulates enough debristo stop its movement. The

headis thenallowed to build up approximately Im
before the control rope is pulled,causing the shield
to fold back, thus allowing the accumulated sewage
to gush into the sewer downstream, flushing the
debris ahead to the next manhole from where it is
removed. The controlrope is released, clearing the
shield against the sewage and causing the scooterto
advance again until the debris stops its movement.
This process is repeated till the scooter reaches the

down stream manhole where it may be removed
or allowed to continue through the next section.

Some of the sewer cleaning equipments have
been shown in Appendix-10.

8.2.5. Procedures

The objective of sewer maintenance isto keep
the systcm operating satisfactorily  without
breakdown. Thesystem is susceptible to corrosion,
erosion, clogging or other deterioration. Mainte-
nance procedures can be divided into preventive or
routine maintenance and corrective maintenance or
maintenance by necessity.

Preventive or routine maintenance is represen=
ted by a systematic programme of cleaning, inspec”
tion and repairs that reduces breakdowns and com=
plaints to an absolute minimum. The corrective
maintecnance refers to the practice of undertaking
remedial measures only after the occurrence of
breakdowns. Often times, the preventive



Maintenance isneglected and onlyfire brigade type
of measures arc adopted. Preventive maintenance
would not only reduce the nzed for corrective
maintenance to the minimum but also prolong the
lifz of th= systzm and would fully justifythe capital
invastmz=nt. Hence it should invariably be made an
integral part of th: maintenance programme.

8.2.5.1. Preventive wmaintenace

Many of the causes l2ading to the clogging of
sewers can be prevented by periodic cleaning and
removal of silt accumulations in sewer linesincl-
uding manholes while the systemis functioning.

Each of'the ssw:r maintenance gangs shall be
undzr the suparvision of a competent person well
trained in the use of s2w:r claaning and safety
equipme:nts and q2alifizd to render first aid service
in case of emergencies.

The covers of all manholes immediately
upstream and downstream of the particular man-
holes into which men are to enter should be
removed and kept open for at least half an hour,
for nataral ventilation. Sufficient protective
barricadzs shall beerected onthe street to regulate
flow or prevent entry of the traffic in the area.

After ths lapse of this pzriod, there should be
no noxious 2as or vapour or oxygen deficiency as
evidenczad by the tests decribed in Appendix-9.
Additional time may b2 allowed if the foul atmos-
nhare has not cleared up. Forced ventilation shall
be resorted to for purging out the foul atmos-
phere inside using portable blowers. If
the forced ventilation is already provided
for in the sewerage system, the evacuation
of air willbe carried out from oneend with the
manhole covers k2nt op2n parmitting the entry of
outsidz air into the sawar system. It has to be
ensured that the atmosnhere inside the manhole is
safe bzfore the work=rs are directed to enter the

manholes.

The sswer clzaning equipment used ordinarily
is the fiexible sewer rod with manila rope. The
composite flexible rod composed of rope tied
together with bamboo strips is lowered inside the
manhole by a person on top, while another man
inside the manhole thrusts the same into the sewer
in the direction of flow. The man inside the next
downstream manhole receives the rod and pushes
it out of the manhole assisted by a man on the top.
Assoon as theend of'the rod which may be about
60 m long is thrust into the sewer, it is connected
to a thick manila rope which is dragged and kept
coiled on the surface nsar the downstream man-
hole. As the rope is dragged through the sewer,
the silt is drawn out into the downstream manhole
where it is collected in bucksts and lifted out.
This downstream manhole bacomes the first
uostream manhole for the next stretch of sewer
length to be cleanedl

With th= cleaning of the sewer other repairs, if
any, to the inside of the manhole, the foot steps
the cover, etc. should be carried out. Inthecase of
larger conduits through which 2 man can walk
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the work will also include the examinaticn of the
inner surface of the conduit and carrying out
necessaryrepairs. Ifasewerisdamaged, it hasto be
tackled separately and not by routine maintenance
personnel. .

Based onlocal needs, a schedule of cleaning of
all the sewers in the system has to be prepared
and followed. The frequency of cleaning depends
on the nature of sewage flowing in a particular
section and the velocities obtained in the sewers
during the peak flow.

Flushing of sewersfrom either staticor mobile
flush tanks may be carried out periodically to
clear laterals and sewers laid within sufficient slope
for maintaining a velocity so as to dislodge the
already settled material at the invert of the sewer
and keep it in suspension.

The temporary dam methods of flushing
like the flush bags should be adopted when settle-
able solidsin sewage is lowsoasto keep the de-
posits to a minimum. This method of flushing
and flooding will also help in getting rid of vermin
and other pests in manholes and sewers.

8.2.5.2. Qorrective maintenance

Corrective maintenance becomes necessary
for removal of obstructions in sewers caused by
excessive silt accumulation or damage leading to
the break down of the system with flows much
lower than the normal.

The sewer gang for this type of work should
consist of specially trained men who are aware of
the hazards and capable of coping with situations
calling for prompt action. The supervision in this
case should be entrusted to a responsible person
well-versed in the use of the special sewer cleaning
equipment, safety equipment and in first aid.

For locating the exact position of blockages,
it is necessary to commence observation from the
overflowing manholes down the line until the first
manhole with little or no flow is reached. The sec-
tion between this manhole and the one immedia-
tely upstream is the one which should be cleaned
first, after taking the necessary precautions for the
safety of the workers. The accumulated sewage
should be pumped out into the manhole further
downstream and the mouth of the sewer exposed.
After allowing for naturalventilation for one hour,
by keeping all manholes within a radius of 200 m
open, tests shall be conducted to ensure that the
conditions are satisfactory for the workmen to
enter the manhole, resorting to forced ventilaticn,
if necessary. Air from the bottom of the manhole
should be sucked out by an exhaust pump which
will enable fresh air being drawn into the man-
hole. This is helpful to evacuate gases heavier
than air suchascarbondioxide,petrolvapourand

hydrogen sulphide. Sometimes air may be blown
inside the manhole which pushes out the foul
gases from the manhole. Thisis very effective for
gases which are lighter than air,such as carbon
monoxide, methane, nitrogen ctc. If the sewage
flow into the manhole is heavy and pumping has



54

to be carried out continuously to enable men to
get in and work, it is preferable to block the
mouth of the sewer on the upstream side and start
pumping from the szcond next upstream
manhole while the work of clearing the obs-
truction in the szwer down bzlow is being
carried out.

In the case of simple blockages, the flexible
sewer rod of the bamboo and manila rope type
will be sufficient. A ferret with a fire hose can also
beussd for breaking and removingsand stoppages.
Where a rodding machine with flexible sewer rods
is available, it can be used with suitable tool
attachments to break the blockage.

When the above methods are not successful
ordamage to the sewer is suspectzd, the location of
the blockage can be found by the use of sectional
rods from either 2nd of the blocked sewer.
Once this is located, the sawer length near the blo=
cks can]bz exposed by open excavationto examine
and set right the sewer line. If the damage to the
sewer is extensive and is caused by poor foundation
then the stretch between the two manholes may
have to bz relaid on a proper foundation.

In case it is not possible to wait for proper
evacuation of the foul atmosphere inside a man-
hole or a tank and men have to enter urgently to
save a life, then only men trained to work with
safety belts, gas masks and other safety equipment
may be allowed to enter the manhole, observing
the precautions against gas hazards and under the
guidance and supervision of a competent super-
visor. In an emergency the supervisor should

promptly get in touch with the nearest police
station, a fire station and a hospital for help.

Where thz material of the sewer, especially
concrete, is damaged, the cause must be investigat-
ed and due rectification carried ont. If lows much
lower than the designed ones lead to fow velocities
and consequent septicity resulting in the produ-
ction of hydrogen sulphide, routine chlorina-
tion of the sewage may have to be considered.

- If the damage is caused by the indiscriminate
discharge of industrial wastes of high acidic or
alkalinz nature or with high organic matter or
solids, steps should be taken to treat the wastes to
the standards specified in IS : 3306.

Problems created due to poor design and
construction methods which lead to frequent
complaints of chokes in the sewers have to be set
right by redesign and construction.

8.2.6. Chemical Treatment

Control of growth of roots and slimes in
sawers can beachieved by application of chemicals.
This method may have to be confined to small lines
becayse of the cost of chemicals involved. The
use of copper sulphate is successful in the combat-
ing of root troubles in sewers and can be fed
through water closets or manholes in the sewerage
system. A dose of about 10mg/l is generally
found to be effective. As copper sulphate is
corrosive to metals, care should be taken in Its
use. It can be placed in bowls of water closets
and flushed into the sewer with sufficient water
to carry the crystals of copper sulphate into
the sewer system.



CHAPTER 9
SEWAGE AND STORM WATER PUMPING STATIONS

9.1 GENERAL CONSIDERATIONS

The availability of land, scopz of expansion,
arrangemsnt, type of equipment and structure,
extqrnal appearance _and general aesthetics are
basic considerations in the design of pumping
stations.

9.1.1.

Proper location of the pumping station
requires a comprehensive study of the area to be
served to ensure that the entire area can be
adequately drainzd. Speclal consideration has to
be given in undeveloped or developing areas to
probable future growth as location of the pump-
ing station will, in many cases, be detsrminad by
the future overall development of the area. The
site should also be acsthetically satisfactory. The
pumping station shall be located and constructed
in such a mannsr that it will not be flooded
at any time. The storm water pumping stations
shall be located such that water may be impound-
ed without creating an undueamount of flood
damage if the inflow exceeds the pumping
station capacity. The station should be easily
accessible under all weather conditions.

Location

9.1.2 Capacity

The capacity of the station will be determined
by the present and future sewage flows based on a
design perlod of 15 years. However, adequate
attention should be given for future expansion,
such as provision of additional space for replacing
the smaller pumping units by larger ones thusin-
creasing the capacity ofthe wet well and construc-
ting new pumping stations to cope with the
increased flows. The initial flows are generally
too small and the effect of ths minimam flow
should be studied before selecting the size of
the pumps for the project to be commissioned,
in order to avoid too infrequent pumping opera-
tions and long retentions of sewage in wet wells.

9.1.3 Type of Pamping Stations

While the term pamping station covers all
types of pumping of sewage or storm water, the
term lift station is restricted to lifting of sewage
across a vary short distance and discharging it to
another gravity sewer. Pumping stations are
provided withtwo separate wells; wet wells for
receiving the incoming sewage and dry wells for
housing the pumps. The wet and dry wells
may be of any of the following types :—

(i) rectangular, with dry and wet wells
adjacent to each other;

(i) circular, with central dry well and peri-
pheral wet well; and

(iii) circular with a dividing wall to separate
the dry and wet well.

The rectangular type may require thicker
walls to withstand the pressures of the latera]
soil, subsoil water and sewage and are not recom-
mended except for smaller installations or where
the availability of space is the deciding factor.

9.2 PUMP HOUSE STRUCTURE

The structure must be designed to withstand
floatation forces. Isplated pumping stations,
particularly unmanned, should be protected
against vandalism. The siteshould be adequa-
tely protected from flooding.

Dry wells shall have a separate entrance.
For easy access to the substructure of the wet
pumps, stairs shall be provided in preference to
steps. Both the dry and wet wells should be of
RCC construction and 1S5:3370 and IS:4111 (pt.
IV)shall befollowed for theirdesignand construc-
tion. In case of high subsoil water table, suffi-
cient cover, usually 25 mm over the normal
requirement, should be provided to safeguard
the reinforcement against corrosion.

In many parts of the country, especially in
the arid western regions, the ground water
contains very high proportions of sulphates
leached from the solls which may cause
corroslon. Under these conditions, sulphate
resistant cement shall be used in concrete.
The clvil structure of both dry sump and
wet wells shall be designed for a flow 30

years hence.

Provision shall be made to facili;atq easy
removal of pumps and motors for periodic re-
pairs and replacements. This shall be done by
providing a gantry of suitable capaclty and with
sultable travelling type chain and pulley blocks.
A dewatering pump of nonclog type shall be
fitted at a level about 2 m above the floor of the
dry well. Suitable stairways preferably not
less than 90 cm in width, for convenient access
to dry wells of Fumpi ng stations, shall be provided
along with railings 90 cm high wherever required.

9.3 WET WELL DESIGN

Storage capacity is generally required for all
sewage and storm water pumping stations where
automatic controls and variable speed drives
are not provided to match pumping rates exactly
with inflow rates to the station. The selection
of proper storage capacity is critical because

it affects :

(a) the time for which the liquid will te re-
tained in the pumping station, and

(b) the frequency of operation of pumping
equipment.



The shape of wet well and the detention time
provided for sewage stations shall be such that
deposition of solids is avoided and sewage
does not turn septic. The capacity of the wet
well is reckoned between the level at which air
affects the suction line of the pump of minimum
duty installed in the pumphouse and the designed
sewage levelintheincoming seweri.e. the portion
of the well below the uppermost starting point
and the lowermoststopping point. Itis governed
by the pumpsets installed to deal with the varying
flows. The principle recommended is that any
pump should work for at least 5 minutes before
it is stopped. The size of the wet well is to be
kept such that with any combination of inflow
and pumping, the cycle of operation for each
pump will not be less than 5 minutes and the
maximuym detention time in the wet well will
not exceed 30 minutes of average flows. In
the wet well, baffles should bs provided at
required places to ensure uniform flow at each
pump suction. The wet well flooring shall
have a minimum slope of 1:1 to avoid deposi-
tion of solids. Dividing walls between the pump
suctions may be provided for uniform distribution
of sewage flow. Provision for removal of accu-
mulated sludge should be made. Suitable over-
flow arrangements for the wet well should be
provided, where feasible, as a protection against
flooding due to breakdown of plant or failure
of the power supply.

Wherever possible, grit removal ahead of
pumping may be adopted as it would increase the
life of pumps.

Coarse screens shall be provided before the
wet well with a clear opening of 40 to 50 mm
between the bars for manually cleaned type and
25 mm for the mz:chanical type. The screening
units shall always bz provided in duyplicate.
The screens shall conform to 1S:6280.

9.4 PUMPS

9.4.1 Capacity

The capacity of the pumps shall be adequate
to meet the peak rate of flow with 509 standby.
Average flow conditions are of interest in that
thay indicate the conditions under which the
station will wusually operate. To obtain the
least operating cost, pumping equipment shallbe
selected to perform cfficiently at all flows including
peak flow. Two or more pumps are always
dasirable at sewage pumping stations. The
sizz and the numbezr ofunits for larger pump-
ing stations shall be so selected that the variations
of inflow can be handled by throttling of pumps
without starting and stopping of pumps too
frequently or necessitating excessive storage.

9.4.2 Protection Against Clogging

Suction and delivery openings of the pumps
shall not be less than 100 mm and pump shall be
capable of passinga ballof atleast 80 mm dia,
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9.4.3 Types

Both centrifugal type and pneumatic ejectors
are used in sewage or storm water stations, the
latter being used only in small installations where
centrifugal pumps will be too large for  the
purpose.

9.4.3.1 Centrifugal pumps
The centrifugal pumps can be classified as :
(a) axial flow pumps;
(b) mixed flow pumps;and

(c) radial flow pumps (commonly referred
to as centrifugal pumps).

The classification is usually based on its
specific speed (Ns) at the point of maximum
efficiency. The specific speed of an impeller is
defined as the speed, in revolutions per minute
at which a geometrically similar impeller would
run, if it were of such size to deliver 1 m3/min
against 1 m head. The specific speed N, is
given by the expression

365 n

Ny= —
QH 0-75

where,
Q=flow in m3¥/min
H=head in m and
n=speed inrpm
(a) AxiAL FLow Pumps

Axial flow pumps develop most of their
head by the propelling action of the impeller
vanes on the liquid. They are characterised
by a single inlet impeller with the flow entering
axially and gencrally used for large installations
with capacities greater than 2,000 m%/hr and
heads le§s than 9 m. The pumps are generally
of vertical type. The axial flow pumps have
relatively high specific speeds ranging between
8,000 to 16,000. The vertical units shall have
positive submergence of the impeller for proper
operation.

(b) MIXED FLOW PUMPS

The head developed by mixed flow pumps is
partly by centrifugal action and partly by the
lift of the impeller vanes on the liquid. ~This
pump has a single inlet impeller with the flow
entering_axially and discharging in an axial and
radial direction, usually into a volute type casing.
They are used for medium heads of 8§ to 15m
and for medium to large capacities. The specific
speeds of these pumps range between 4200 and
9000. They generally require positive syb-
mergence  but may be wused for limited
suction lift.

(¢) RADIAL FLOW OR CENTRIFUGAL PUMPS

. The head developed in these types of pumps
1S prlnclpa“y. by the action of centrifugal force.
Pumps of this type can be obtained with either
single suction or double suction inlet impellers,
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the flow leaving the impeller radially and normal
to the shaft axis. As almost any range of head
and capacity can be obtained, majority of pumps
are of this type. These pumps are characterised
by relatively low specific speeds, with single
inlet impeller having specific speeds upto 4200

and double suction units having specific speeds
less than 6000. Single suction pumps are gene-
rally used for sewage and storm water pumping
as they are less susceptible to clogging.

The characteristics of the three type of pumps
afe summarised in the following table:

Characteristic Axial flow Mizxed flow Radial flow
Usual capacity range Greater than 2000 m3/hr Greater than 100 m3/hr All flows
Head Range . . . e 0—9 m 8—15m All heads
Shut off head above rated hecad at About 2009, 1659, 120 to 140%
max. efficiency point.
Kilowatt characteristics Decreases with capacity Flat Increases with capacity

Usually
mergence.

Suction lift

Specific speed . . . 8000 to 16000

Service
load factor is low.

requires sub-

Used where space and cost
are considerations and

Usually requires sub-
mergence. Short suction
lift is permitted.

Usually not over 4+ 5

4200 to 9000 Below 4200 for single suc-
tion. Below 6000 for

double suction.

Used where load factor is
high and where trash or
other solid matter is
encountered.

Used where load factor is
high and high efficiency &
ease of maintenance are
desired.

The impellers for centrifugal type pumps
may be classified into three categories :

(a) Enclosed (Front and back shroud); and
(b) Open (No shroud); and
(c) Semi-enclosed (back shroud).

Enclosed impellers with shrouds are generally
specified for pumps to handle sanitary sewage
becauyse they are less subject to clogging and
also pass stringy materials better than other
types. Open or semi-enclosed impellers are
vused for storm water pumping installations

especially on e(}uipment for handling large
capacities and for intermittent service. The
impellers for sewage pumps should be self

cleaning, able to pass through solids of 100
mm size and capable of dealing with sewage
with a specific gravity of 1.1 and containing
grit, rags, fibrous materlal etc.

Pump casing may be either of the volute
type, or turbine or diffusion type. The main
difference in the two types is that with the volute
type casing, the velocity of the liquid leaving
the impeller is transformed to head by gradually
increasing the area of the liquid passage in
the spiral shaped scroll, whereas in the turbine
or diffusion type vane casing, the velocity of
liquid leaving the impeller is transformed to
head by means of curved vanes. Drysump
pumps are generally provided  with volute
typs casing. Vertical wet sump pumps, gene-
rally used for storm water pumpinginstallations
are usually of the turbine or diffusion vane

14—480 M. of W&H/ND/79

type. The casing of either type may be split
axially or radially to obtain access to impeller
for cleaning. Both the pump casing and the
impeller of pumps used for sanitary sewage
shall be made of close grained castiron. The
pumps shall be erected on common C.I. base
plate fixed on adequate size cement concrete
foundation.

9.4.3.2 Pneumatic ejectors

The pneumatic ejectors are mostly gsed
for lifting sewage from basements of build!ngs
and for small lift stations where their use is
advantageous Inspite of their low efficiency
of about 15%.

The ejectors have the following advan-
tages :

() no sewer gases can escape except through
the vent shafts as sewage is completely
enclosed ;

(b) operation is fully automatic and the
elector comes into operation only
when needed ;

(c) only a few parts are in contact with
sewage thus necessitating little atten-
tion or lybrication;

(d) ejectors are less susceptible to clogg-
ing; and , '

(e) screening is not required as check
valves and connecting lines will pass
all the solids that enter the ejector
compartment.
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A pneumatic ejector consists essentlally
of a closed chamber into which szwage flows
by gravity until it reaches a certainlevel. Then
sufficient air under pressure fs admitted into
the chamber by float or other type of air
vessel to eject the sewage. The nonreturn
valve on the inlet pipe prevents sewage from
leaving the vessel except through the nonreturn
valve on the outlet. This valve on the outlet
prevents back flow fnto the tank. Thus alr
under pressure displaces the sewage volumetri-
cally until the low water level fixed by the
limiting float travel or other control cuts off
the air supply. Ejectors shall be installed
in dupllcate to assure that service is not in-
terrupted if there {sa mechanical fallure of one
unlt and during periods when it is necessary
to remove equipment for serviclng or cleaning.

The quantity of air required to operate
the ejector s given by the following formula :

Q (H+10-3)
12-2

—
=

where,
V=Volume of free air required in m3/min;
H=Total headinm; and
Q=Rate of sewage discharge in m®/mfin.

The volume of afr storage tank and the
characteristics of the compressor shall be
adequate to provide the necessary volume
of air at a pressure at least 409 higher than
that required to ralse all the sewage to the maxi-
mum computed lift.

9.4.4 Head of Pumping
9.4.4.1 Standard terms

The various standard terms used to describe
the mechanics of pumping equipment include
the following 3

(a) DATUM

All measurements for suction lift, suction
head, total discharge head and net positive
suction head are recorded with reference to the
datum which is the elevation of the pump centre
line in case of horizontal pumps and is the eleva-
tion of the entrance eye of the suction impeller
in case of vertical pumps.

(b) SUCTION LIFT

Suction lift exists where the total suction
head is below atmospheric pressare. Total
suction lift is the reading of a liquid manometer
at the suction of the pump converted into metres
of water referred to datum minus the velocity
head at the point of measurement.

(c) SUCTION HEAD

Suction head exists when the total suction
head is above atomospheric pressure. Total
suction head is the reading of the pressure gauge
at the suction of the pump converted into
metres of water with references to datum plus
the valocity hzad at the point of measurement.

(d) TOTAL DISCHARGE HEAD

Total discharge head is the reading of the
pressure gauge at the discharge of the pump,
expressed as metres of waer with reference to
datum plus the total suction head at the point
of measurement.

{¢) TOTAL HEAD

Total head is the measure of the energy
increase per kg of the liquid imparted to it by the
pump and is the algebraic difference between the
total discharge head and the total suction head
in metres,

(f) NET POSITIVE sUCTION HEAD (NPSH)

The net positive suction head is the total
suction head of water in metre absolute, deter~
mined at the suction end referred to datum less
the vapour pressure of the water in metre
absolute.

9.4.4.2 Qomputation of total head and selection
of head

Pumps having head capacity characteristic
which corresponds as nearly as possible to the
overall station requirements should be selected.
This can best be achieved by preparinga system
of head capacity curves showing all conditions
of head and capacity under which the pumps
shall be required to operate. Friction losses
in straight lengths of pipes shall be calculated
using Hazen Williams formula and friction losses
in valves and fittings as in 5.2 of the companion
volume ‘“Manual on  Water Supply and
Treatment’",

Where long pipe lines are involved, it is
not possible to predict accurately the total fric-
tion loss over an extended period of time.
When the line is new, friction losses will be
minimum and will increase with use. The
friction losses will materially affect the capacity
of the pumping units and also their successful
operation. System curves shall be prepared to
indicate the possible maximum and minimum
friction losses expected in the pipeline during
the life of the pumping units. Pumps shall be
selected having their maxiumm efficiency at
average operating conditions. The maximum
speed at which a pump shall run is determined by
the net positive suction head available at the
pump, the quantity of liquid being pumped and
the total head.

9.4.5 Miscellaneous Considerations

The proper sizing of piping is a matter of
economics. The suction and delivery pipes are
designed to have maximum velocities of 1.5
and 2.5 mps respectively. Piping less than
100 mm should not be used for conveying se-
wage. Valves shall be provided both on suction
and delivery side of each pumping unit to allow
proper maintenance of pumps. Each pumping
unit shall have a separate suction line from the
wet well. C.I. Pipes used inside the dry well
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shall necessarily be of the flanged type. C.I.
pipes should never be encased in concrete be-
cause failure in flange will be difficult to repair.
9.5 PRIME MOVERS

In deciding the type of prime mover to be
used, the following points shall be considered :

(a) low cost,

(b) suitable parformance characteristics
and

(c) simplicity and ruggedness of construc-
tion.

Considering the above, electrical drive is
bzst both for sewage and storm water pumping
stations. The constant speed squirrel cage
induction motor is generally used.

Although it is a good practice from main-
tenance point of view to restrict the speed of
pump to 720 rpm or 500 rpm for smaller units,
the initial cost and replacement facility has to
be considered before deviating from the normal
speed of 1440 rpm.

A diesel standby unit should be provided
in all the pumping stations, except the very small
and less important ones, to meet the require-

ents in case of power failure.

9.6. ELECTRICAL EQUIPMENT

The electrical equipment selected shall b€
adzquate, reliable and safe. The adequacy o
the equipment is determined by the continuous
current requirements of the station loads and ava-
ilableshort circuit capability of the power supply.
The reliability of the equipment depends on
the capacity of the electrical system to deliver
power, when and where it is required, under
normal as well as abnormal conditions.
Safety involves the protection of the plant per-
sonnel as well as the safeguarding of equipment
under all conditions of operations and main-
tenance. None of these three requirements
shall be sacrificed for the sake ofinitial economy.
The electrical system shall be designed with
enough flexibility to permit one or more com-
ponents to be taken out of service at any time
without interrupting the continuous operation
of the station. A proper selection of voltages
in the electrical system of pumping station is
one of the most important decisions that will
affect the overall system characteristics and
plant performance. The station bus bar vol-
tage shall be at the level that is most suitable
for the pump motors which constitute the
major part of the load. The preferred vol-
tage is 440 V from an economy point of  view
unless other considerations dictate the use of

lower voltages.

9.6.1 Switch Gears

The functions of a switch gear in a distri-
bution system include normaland fault switching
operations and equipment  protection. Motor

starting function may sometimes be vested in
switchgear but only when the required frequency
of starting and stopping is low or in appli-
cations where the motors are of such magnitude
that no other equipment is suitable.

9.6.2 Motor Starting Equipment

The full voltage type of starting equipment
is always preferred from the stand point of cost,
floor space and reliability. Where motors are
started more than threec times per day, the use
of power circuit breakers as motor starting equip-
ment may not prove economical in the long run.

9.6.3 Cables

Cables shall be heavy duty, PYC sheathed
conforming to IS : 1554 and be of adequate
capacity. Cables inside the pump house shall
be laid in specially made trenches covered with
lean concrete.

9.7 CONTROLS

Controls should be simple, direct and reliable .
Large pumping stations may have centralised
control systems that automatically start and stop
the pump units and associated valves and auxi-
liaries. A proper hand operated selector switch
may also be provided to avoid overworking
of any one pumping unit. Liquid level controls
generally employ floats, ceramic floats being
preferred to metal floats as the latter are affected
by chemical action of sewage. All floats are
subject to accumulation of grease and scum.

9.8 FLOW MEASURING DEVICES

At all pumping stations, devices such as ven-
turimeter for measuring sewage flow shall be
provided. The throat of venturimeter shall be
of a metal harder than grit or sand as otherwise
the throat gets abraded and gives incorrect
readings.

9.9 FUNCTIONAL REQUIREMENTS
9.9.1 Ventilation

The pumping station design shall provide
for adequate  ventilation throughout. The
dry well, if deeper than 4 m below ground level
shall be provided with positive  ventilation
equipment. When the ventilation equipment is
of continuous operation type, the minimum
capacity shall be 6 turnover per hour. Ventila-
tion design should provide for dissipation of
the heat generated from electric motors, especially
during hot weather. Wet wells and screen cham-
bers with mechanical equipment shall be provided
with positive ventilation equipment to provide
12 turnovers per hour, as this equipment is
operated intermittently.

9.9.2 Safety Measures

Railing shall be provided around all man-
holes and openings where covers may be left
open during operation and at other places where
there are differences in levels or where there is
a danger 'of the operators falling. Guards shall
be provided on and around all mechanical



equipments, where the operator may come in
contact with belt drives, gears, rotating shafis or
other moving parts of the equipment. Staircases
with landings shallbe provided in preference to
ladders particularly for dry well access. Straight
staircases shall be provided as against spiral or
circular staircases or steps. The steps to be pro-
vided in the staircase shall be of a non-slippery
type. Telephone is an essential feature in a pump
house asit will enable the operator to maintain a
regular contact with the main office. In case of
injury, fire or equipment difficulty, telephones will
provide facility to obtain proper assistance as
rapidly as possible,

Fire extinguishers, first aid boxes and other
safety devices shall.be provided at all the pumping
stations. .

A system of colours for pipes shall minimise
the possibility of cross connections.

To prevent explosive gas leakages, wet well
should not be directly connected by any opening
to the dry well or superstructure.

All electrical equipment and wiring should be
properly insulated and grounded and switches
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and controls should be of nonsparking type.
All wiring and devices in hazardous areas
should be explosion proof.

9.9.3 Other Facilities

All pumping staticns should have rotable
water supply, wash room and toilet facilities
and precautions taken to prevent cross con-
nections.

Hoisting equipment shall be provided at all
pumping stations for handling of equipment
and materials which cannot be readily lifted or
removed from the station by manual labour.
In large pumping stations, gantries of adequate
capacities shall be provided to lift the pumps,
motors and large piping.

_ Fencing shall be provided around the pump-
Ing stations to prevent any trespassing.

__ The station site shall be landscaped 1o make
it blend with the surrcunding areas and add
to the aesthetic effec. particularly in residential
areas.

Adequate lighting is essential at the plinth
and all working levels of the pumping staticns.
Glares and shadows shall be avoided in the
vicinity of machinery and floor openings.

11'
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CHAPTER 10
BASIC DESIGN CONSIDERATIONS

The object of sewage treatment is to stabi-
lize decomposable organic matter present in
sewage so as to produce an effluent and sludge
which can be disposed of in the environmant
without causing health hazards or nuisance.
Before proceeding with the design of the treat-
ment plant, it is essential to know the variations
in quantity and characteristics of the raw sewage
and the quality of the final effluent desired.

10.1 DEGREE OF TREATMENT

The degree of treatment will mostly be decid-
ed by the regulatory agencies and the extent to
waich the final products of treatment are to be
utilised. These regulatory bodies might have
laid down standards for the effluent or might
spzcify the conditions under which the effluent
could be discharged into a natural stream, sea
or disposed of on land. These regulatory bodies
may be the local body or a State Water Pollution
Prevention and Control Board. The method of
treatment adopted should not only meet therequi-
rements of these regulatory agencies but also
result in the maximum wuse of end products
consistent with economy.

10-2 PERIOD OF DESIGN

Thetreatment plant, like the sewerage system
is normally designed to meet the requirements
over a 30 year period after its completion. The
time lag between the design and the completion
should not ordinarily exceed 2 to 3 years and
even in exceptional circumstances 5 vears. The 30
year period may be modified in regard to specific
components of the project depending on their
usefullife or the facility for carrying out ex-
pansions when required so that expenditure far
ahead of utility is avoided. Care should be taken
to see that the plant is not considerably
underloaded in the initial stages, particulary the
sedimentation tanks. The comparative merits to
cover the full 30 year period versus the first 15
years should be examined to decide on the most
economic initial arrangement satisfactory to cover
the ficst 15 years. Eventhough some mechanical
units may not bz constructed in the beginniag,
enough provision should be made in the civil
stractures for thzir installation at a later date.

The treatment plant should be considered
as a part of the main sewerage project and the
area to be served is to be decided based on
the needs of the main project itself. The main
project may not be executed at one stretch but
may be done in stages as the development of
the area takes place. But inany case, the ulti-
mate period of design of the project should be
30 years and to that extent sufficient accommo-

dation should be provided for all the units neces-
sary to catertothe needs of this ultimate popu-
lation. In some cases, it may be necessary to
combine a numbzr of sewerage systems with a
common sewage treatment plant. This should
naturally be considered in the main sewerage
project itself and if the treatment plant is to
cater tothe needs of suchadditional areasat a
later date, enough provision should be made for
accommodating the expansioninthe beginning
itself. Zoning regulations particularly as they
affect the use of undeveloped land including
the possible changes in the use of lands already
developed may be important. It may be planned
to combine treatment of the waste from a nearby
industry along with the community wastes from
theuyrbanarza. In such cases, it should be care-
fully investigated whether liquid wastes from
the industry do not adversely affect either the
sewerage system or the treatment process and
could be accepted, if necessary with some preli-
minary treatment, so that it could be combined
with the sewage from the community for a uni-
fied and economical treatment.

10-3 POPULATION SERVED

Estimates for preseat and future population
of areas involved in the project are made
to determine the quantity of sewage to bz treated.
These estimates would have formeda part of
the mainsewerage project itselfasin3-1-2.

10-4 SEWAGE FLOWS

_ The quantity of sewage and its characteris-

tics show a marked range of hourly variation
and hence peak,average and minimum flows are
important considerations. The process loadings
inthe sewage treatment plant ars based on
the daily average flows and the average charac-
teristicsas determined froma 24 hour weighted
composite sample. Inthe absence of any data,
anaverage flow of 150 lpcd may be adopted.
The hydraulic design load varies from com-
ponent to component ofthe treatment plant
with all appurtenances, conduits, channels, etc.
being designed for the maximum flow which
may vary from2-0to 3-5times the average flow.
Sedimentation tanks are designed on the basis
of average flow, while consideration of both maxi-
mum and minimum flowis important in the de-
sign of screens and grit chambers.

10.4.1 Population

The population equivalent is a parameter
useful in the conversion of the contribution of
wastes from industrial establishments for accept-
Ing into the sanitary sewer systems by the
authorities concerned and serves as a basis for

Equivalent



ievying an ¢quitable charge for the same. The
average daily par capita coatribution of sus-
pended solidsand BOD; are 90 gms and 45 gms
respactively which is used for estimating popu-
lation equivalents.

10.5 SEWAGE CHARACTERISTICS

Characterisation of wastes is essential for
an eff:ctive and economical waste management
programms. It helps inthe choic: of treatment
mazthods, deciding the extent of tr2atment, assess-
ing the banchicial uses of wastes and utilizing
the waste purification capacity of natural bodies
of water in a planned and  controlled
manner. While analysis  of waste in cach
particular_caseisadvisable, data from other citizs
may be utilised during initial stages of planning.

Domestic sewage comprises spent water
from kitchen, bathroom, lavatory, etc. The
factors which contribute to variations in charac-
teristics of the domestic sewage are daily per
capita water use, quality of water supply and the
typ:, condition and extent of sewerage system
and habits of the pzople. Municipal sewage which
contains both dom:stic and industrial waste
water may differ from place to place depend-
ing upon the typ:of industries and number of
industrial establishments. The important charac-
teristics are discussed below.

10.5.1 Temperature

Observation of temperature of scwage Is
usaful in indicating the solubility of oxygen
which affzcts oxygen transfer capacity of aera-
tion equipmz:nt and rate of biological astivity.
Extremely low temperature affects adversely
the efficiency of sedimentation. Normally the
temperature of dom:stic and municipal sewage
is slightly higher than that of the water supply.

10.5.2 Hydrogen Ion Concentration

The hydrogen ion concentration more con-
veniently expresszsd as  pH, is a valuable para-
mater in the operation of biological uaits. The
pH of fresh domsstic sswage is slightly more
than that of the watzr supply to the community.
Howazver, th= onsst of s:ptic conditions may
lower thzpH while the presence of industrial
wastes may produce extreme fluctuations.

.10.5.3 Colour and Odour

Fresh domastic sewage has a slightly soapy
and zarthyodourand cloudyapp:arancedepending
upon its conczntration. With passage of time, the
sswage bzcomzs sialz, dark:mpg in colou'r'wnh
a pronounced smell due to microbial activity.

10.5.4 Solids

Though sewage contains only 0.1 pzrcent
solids, the rest bzing water, still the nuisance
caused by the solids cannot be overlooked, as they
are highly putrescible and therefore need proper
disposal. The szwage solids may be classifi:d
into suspznded and dissolved fractions which
may bz further subdivided into volatile and non-
volatile solids. A knowledge of the volatile or
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organic fraction of solid which is putrescible
bzcomsas necessary as this constitutes the load
on biologicaltreatment units or oxygen resources
of a stream when sewage is disposed of by
dilution. The estimation of suspended solids,
both organic and inorganic, gives a general
picture of the load on sedimentation and grit
removal processes in sewage treatment. Dis-
solved inorganic fraction isto be considered
when sewage is used for land irrigation or reuse
of sewage is planned.

10.5.5 Nitrogen

The principal nitrogenous compounds in
domestic s:wage are proteins, amines, amino-
acids and urea. Ammonia nitrogen in sewage
results from the  bacterial decomposition of these
organic constituents. Nitrogen being an essen-
tial component of biological protoplasm, its
determinationin wastesis necessary for proper
biological treatment or land irrigation. Where
nitrogen content is inadequate, it becomes
necessary to supplement with addition of salts
containing nitrogen. Generally domestic sewage
contains sufficient nitrogen.

10.5.6 Phosphorus

Phosphorus is contributed to domestic scwage
from food residues containing phosphorus and
their breakdown products. The use of increased
quantities of synthetic detergents add substan-
tially to the phosphorus content of sewage.
Phosphorus just as nitrogen, is an essential
nutrient for biological  processes. Generally
domestic sewage contains adequate quantities
of phosphorus to take care of the needs of the
biological treatment.

10.5.7 Chlorides

Concentration of chlorides in sewage above
the normal chloride content of water supply is
used asan index of the strength of the sewage. The
daily contribution of chlorides averages to about
8 gm per person. Based on an average sewage
flow of 150Ipcd, this would resultin the chloride
content of sewage being 50 mg/l higher than
that of the water supplied. Any abnormal increase
should indicate discharge of chloride bearing
wastes or saline ground water infiltration, the
latter adding to the sulphates which may lead to
excessive generation of hydrogen sulphide.

10.5.8 Biochemical Oxygen Demand

The biochemical oxygen demand (BOD) of
sewage or of polluted water is the amount of
oxygen required for the biological decomposition
of biodegradable organic matter under aerobic
conditions. The oxygen consumed in the process
is related to the amount of decomposable organic
matter. Greater reliance is placed on BOD test
as compared to determination of volatile solids
when putrescibility of the sewage is to be deter-
mined. The standard BOD test is carried out for
a period of 5.days at 20° centigrade .and is
expressed as BODy.

+

¥



1).5.9 Chemical Oxygen Demand

The Chemical Oxygen Demand (COD) test
gives a measure of the oxygenrequired for chemi-
cal oxidation. This test does not differentiate
batwzzn biologically oxidisable and nonoxidisable
material. However, the ratio of the COD to

. BOD does not change significantly for a parti-

cular waste and hence this test could be used
conveniently for interpreting performance effi-
ciencies of the treatment units. In situations
wh:re the presence of toxic materials is likely
tointerfere with the BOD, this test is very useful.

10.5.10 Toxic Metals and Compounds

Some heavy metals and compounds such as
chromium, copper, cyanide, which are toxic,
may find their way into municipal sewage
through industrial discharges. Determinations
of these assume importance if such waste is to be
treated by biological processes or disposed of
in stream or on land.

10.6 EFFECT OF INDUSTRIAL WASTES

Wastesfromindustries can form animportant
component of sewage flows both in volume and
composition. It is therefore necessary that detailed
data about the nature of the industries,the quan-
tity and the character of the wastes and their
variations which may affect the s2werage system
or the sewage treatment process are collected.
Quaantity and character of wastes are to be based
on flow mzasurements and laboratory analyses
of the compositesamples. Where water reclama-
tion is to be practised due consideration is to be
given to the effect of industrial ~waste compo-
nents on the final efluent.

Industrial waste containing solids which
might clog conduits or damage pumping equip-
ment usually require treatment prior to their entry
into the sewer. These substances include ash,
cinder, sand, mud, straw shavings, metal, glass,
rags, feathers, tar, plastics, wood, hair, fleshings,
chmical residues, etc. Condensates, on the other
hand, though clear in appearance may contain
high dissolved organic and mineral matter adding
to the load on the sccondary teatment processes
and reclamation of water.

In cases where wastes high in suspended sol-
ids and BOD are to be accepted, provision should
be made in the design of the treatment plant to
handle such wastes. In certain instances, It Is
more economical to tackle the industrial waste
at the source itself. Where the wastes have a
high or low pH, corrective measures are neces-
sary” bzfore admitting them to the sewers or
the treatment plant. Toxic metals and chemicals
having adverse effects 1n biological treatment pro-
cesses or upon fish life in a natural water course
where discharged or render the receiving water
unfitas a source of water supply, should be
brought down to acceptable limits at the source
itself. Grease and oils in excessive amounts not
only add considerably to the cost of treatment,
butalsoposea dispos?l problem. Where additional
service charges are imposed by the local autho-
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rities for wastes that are overstrength in [sus-
p:nded solids, BOD or other characteristics,
the industry may find it desirable to install
equipmznt which will eliminate a considerable
proportion of thz overstrength characteristics
and reduce service charges.

10.7 DUMPING CHUTES FOR NIGHTSQIL

Detachable dumping chutesare constructed
at selected pointsinthe sewerage system for dis-
posing of the nightspil collected manually
from individual houses or through vacuum cars
from collection wells in towns which are only
partially sewered. These discharges have the
effect of increasing the concentration of solids
and - BOD and, where necessary, sufficient
dilution must be provided to prevent the clogging
of the sewers. In such cases, the treatment plant
will have to provide for the change in the charac-
teristics of the sewage. These dumping chutes
should be scrapped when the sewerage system
is expanded to cover the unsewered areas.

10.8 EFFLUENT DISPOSAL AND UTILISA-

TION

The degree of treatment provided is
governed by the specific purpose for which
the sewage effluentis used. Sewage efflu-
ents should preferably be used for irriga-
tion of crops (sewage farming) with certain
precautions. They may also be used for artificial
recharge of ground water or for industries as
process or cooling water. Another use may be at
the plant itself for purposes, such as, flushing
and foam control, chlorinator injector water,
lawn sprinkling, fire protection (with necessary
safeguards) and general plant operation.

If conditions are not suitable for using the
efluent for any of these purposes, it may be
disposed of in a natural body of water such as
sea, river, lake, pond or In irrigation canal
observing the necessary precautions.

10.9 CHOICE OF PROCESSES

Sewage treatment processes may be generally
classified as primary, secondary and tertiary.
The general yardstick of evaluating the perfor-
mance of sewage treatment plants is the degree
of reduction of BOD, SS and Total coliforms.
The efficiency of a treatment plant depends
not only on proper design and construction but
also on good operation and maintenance.
Expected efficiencies of various treatment units
are given in Table 10.1.

Table 10.1

Percentage Reduction

Process SS BOD Total
: coliform
1 2 3 4

1. Primary Treatment (Sedi- 45—60 30—45 40—60
mentation).

2.Chemical Treatment . 60—80 45—65 60—90
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1 2 3 4

3. Secondary Treatment
(i) Standard trickling filters 75—85 70—90 80—90
(ii) High ratetrickling filters,
(a) single stage . . 75—85 75—80 80—90
(b) two stage . . 90—95 90—95 90—96
(iii) Activated sludge plants 85—95 85—95 90—96

(iv) (a) Stabilisation ponds 80—90 90—95 9095
(single cell)

(b) -do. (two cell) . 90—95 95—97 95—98

Tertiary treatment is adopted when reuse of
effluent for industrial purposes is contermplat-
ed or when circumstances dictate the require-
ment of higher quality effluents.

Costis the prime consideration in the selec-
tion of the treatment method. It should include

the cost of installation, capitalised cost of main-
tenance and operation taking into account the
interest charges and period of amortisation.
An alternative will be to consider the annual cost
covering amortisation and interest charges for
the loan obtained for the installation together
with the annual operating and maintenance costs,
In some cases there is a component ofsubsidy
granted by the Government for the installation
ofthe treatment works and the maintenance cost
is borne entirely bythe local bodyor the agency
concerned. Both these will have to be taken into
account for making realistic comparison of the
alternatives.

Other factors that may influence are ease of
construction and maintenance, benefits that accrue
from better environmental sanitation, location,
availability of land and topographical conditions.

l,'



CHAPTER 11
PRETREATMENT—SCREENING AND GRIT REMOVAL

Pretreatment consists of separation of float-
ing and suspended organicand inorganic .mate-
rial by physical processes such as (a) screening
by which materials largerin size than the open-
ings of the screening device is strained outj and
(b) grit removal by which coarse particles of
ash and other inert material which have subsi-
pence velocities substantially greater than those
of organic putrescible solids are removed.

11.1 SCREENING

Screening is an essential step in sewage treat-
mant for removal of materials which would other-
wise damage equipment, interfere with the satis-

factory opzration of treatmznt units or equipment
or cause objectionable shoreline conditions
where disposal into sea is practised. Screens
are used ahead of pumping stations, meters and
as a first step in all treatment works.

A screen is a device with openings generally
of uniform size for removing bigger suspended
or floating matter in sewage. The screening
element may consist of parallel bars, rods,
gratings or wiremeshes or perforated plates and
the opznings may be of any shape although
generally they are circular or  rectangular.

sreens may bz coarse, medium or fine.

11.1.1 Coarse Screens

They serve more as protective devices in
contrastto fine screens which function as treat-
ment devices. Coarse screens are usually bar
screens and sometimes used in conjunction with

comminuting devices.

A bar screen is composed of vertical or
inclined bars spaced at equal intervals across
.a channel through which sewage flows. It is usual
to provide a bar screen with relatively large
openings of 75 to 150 mm ahead of the pumps
for raw sewage while those preceding the pri-
mary sedimentation tanks have smaller openings
of 50 mm. Bar screens with large openings are
often termed coarse racksor trash racks. Their
principal functionisto prevent the entry of float-
ing matter like logs, timber or largesized mate-
rial, carcasses, rags, etc., thatis brought in by
the flowing sewage.

Bar screens are usually hand cleaned and
sometimes provided with mechanical devices.
These cleaning devices are rakes which periodi-
cally sweep the entire screenremoving the solids
for further processing or disposal. Some mecha;n-
cal cleaners utilise endless chains or cables
to move the rake tecth through the screen open-
ings. Screenings are ra}ced to a platform with
perforations which permits the drainage of water
back to the unit. Hand cleaned racks are sct

usually at an angle of 45° to the horizontal to
increase the effective cleaning surface and also
facilitate the raking operations. Experience indi-
cates that the area ofthe vertical projections
of the space between the bars measured across
the direction of the flow should be about twice
the areas ofthe sewer.

Mechanically cleaned racks are generally
erected almost vertically. Such bar screens have
openings 25% in excess of the cross section of the
sewage channel. Their area in usually half of
that required for hand raked screens. Fabrication
of screens should be such that bolts, cross bars,
etc., will not interfere with raking operations.
Additional provision should be available for
manual raking to take care of the situations
where the mechanical rakes are temporarily
out of order. Plants using mechanically cleaned
screens have controls for (a) manual start and
stop, (b) automatic start and stop by clock
control, (c) high level switch, (d) high level.
alarm, (e) starting switch or overload switch
actuated by loss of head, and (f) overload alarm.

11.1.2 Medium Screens

Medlum bar screens have clear openings
0f 20 to 50 mm. Bars are usually 10 mm thick on
the upstream side and taper slightly to the down-
stream side. These mechanically raked ynits
are used before all pumps or treatment units
such as the stablization ponds. The bars ysed
for the screens are rectangular in cross-
section usually about 10 mm X 50 mm and are
placed with the larger dimension parallel to the
flow. A weir onthe side of the screen may be
used as an overflow bypass.

11.1.3 Fine Screens

Fine screens are mechanically cleaned devices
using perforated plates, woven wire cloth or very
closely spaced bars with clear openings of less
than 20 mm. Fine screens are used for pretreat-
ment of industrial wastes to remove materfals
which tend to produce excessive scum or foam
on the top of digestion tank contents. Fine
screens are not normally suitable for sewage
because of the clogging possibilities.

Fine screens may be of the drum or disc
type, mechanically cleaned and continuously
operated. Fine screens have generally a net syb«
merged open area of not less than 0-05 m? for
every 1000m® of average daily flow of sewage
from a separate system, the corresponding figure
being 0-075 m? for combined systems. They are
also used for beach protection where sewage
without any further treatment is discharged
into sea for disposal by dilgtion.



11.1.4 Comminuting Devices

A comminuting device is a mechanically
cleaned screen which incorporates a Cutting me-
chanism that cuts the retained material enabling
it to pass along with the sewage. The solids from
the comminutor may, however, lead to’ the
production of more scyminthe digester.

11.1.5 Location of Screens

Screening devices are usually located where
they are readily accessible because the nature
of materials handled requires frequent inspection
and maintenance of the installation. Where
screens are placed in deep pits or‘channels, itis
necessary to provide sufficlently wide approaches
from the top and ample working space
for easy access and maintenance. Provision
should bs made for the location of penstocks
and bypass arrangements for the screens.

11.1.6 Housing of Screens

The need for a structyre to house the screen-
ing equipment depends on two factors viz., the
design of the equipment and the climatic condi-
tions. If climatic conditions are not severe and
could be withstood by the equipment, the screen
house can bz omitted. Mechanically cleaned
screens generally need suitable housing to protect
the equipment, prevent accidents to operating
personnel and improve the app:arance of the
traatmznt facility. Ventilation of the housing is

3c335ary to pravent accumulation of moisture
and removal of corrosive atmosphere.

11.1.7 Hydraulics

A screen by its very nature and function
collects material which will impede flow. If the
screzn is  cleaned continuously by mszchanical
arrangemzat, this interference will be keptto a
minimum. Screens with periodic cleaning arrange-
ments are likely to produce considerable damming
effect leading to surges of relatively high flow
soon after clzaning. The asually accepted design
isto place ths base of the screen several czntim2-
tres bzlow the invert of the approach channel
and stezpen the grade of the influent conduit
imm:diately preceding the screen.

11.1.8 Velocity

Taz velocity of flow ahead of and through
a scresn varies materially and affscts its operation.
The lower the vzlocity through the screen, the
greater 15 the amount of screenings that
would be removed from sewage. However, the
lower the velocity,the greater would bethe amount
of solids deposited in the chanuel. Hence, the
design velocity should be such as to permit 100%,
removal of material of certain size without undue
depositions. Velocities of 0-6to 1-2 mps through
the open area for the peak flows have been
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uszd satisfactorily, When considerable amounts

of storm water are to be handled, approach velo-
cities of about 0:8 mps are desirable, to avold
grit deposition at the bottom of the screen, which
might otherwise become inoperative when most

needed during storm though lower value of 0-6
mps is used in carrent practice. Further, the
velocity at low flows in the approach channzl
should not be less than0-3 mps toavoid deposi-
tion of solids. A straight channel ahead of the
scrzen insures good velocity distribution across
the screen and maximum effectiveness of
the device.

11.1.9 Head Loss

Head loss varies with the quantity and nature
of screenings allow=d to accumulate between
cleanings. The head loss created by a clean screen
may be calculated by considering the flow and
the effective areas of the scresn openings, ths
latter being the sum of the vertical projections of
the openings. The head loss through clean fiat
barlscreeds is calculated fromthe following for-
mula:

h = 0-0729(V2-v?)....oooiinnnnen, (11-1)
in which

h = head loss in m,

V = velocity through the screen in mps,

v = velocity before the screen in mps.

Usually accepted practice isto provide a Joss of
head of 0:15 m but the maximum loss with
clogged hand cleaned screen should not exceed
0:-3 m. For th: m=chanically cleaned screca, the
head loss is specified by the manufacturers.

11.1.10 Quantity of Screenings

The quantity of screcnings varies with the
size of screen used and onthe nature of sewage.
Generally it has been found that the screenings
from sanitary sewage vary from 0-0015m3/ mL
with screen sizes of 10 cm to 0:015 m%mLin
case of 2-5 cm size.

11.1.11 Disposal of Screenings

The methods of disposal of screenings could
be burial, incineration or composting. The screen-
ings should not be leftin the open or transport-
ed in uncovered Conveyors as it would create
nuisance due to flies and insects. If conveyors
are used, they shoald be kept as short as possible
for sanitary reasons. Burial in treaches usyally
7-5 cm to 10 cm deep is practised particglarly in
small installations. At large works, where suffi-
cient land for burial is not available within a
reasonable distance from the plant, screenings
are incCinzrated either by utilising the sludge gas
obtained from the digestion tank or by using oil
fuel. Where possible, the screenings are transpo-
rted and mixed with townrefuse for production
of compost.

11.2 GRIT REMOVAL

Grit removal is necessary to protect the mov-
ing mechanical equipment and pump elements
from abrasionand accompanying abnormal wear
and tear. Removal of gritalso reduces the frequency
of cleaning of digesters and settling tanks. It is
desirable to provide screens or comminuting
device ahead of grit chambers to reduce the



effectofragsand otherlarge floating materials on
the mechanical equipment,in case of mechanised
grit chambers. But, where sewzrs are laid at such
depths as to make the location of grit chambers
ahead of pumping units undesirable or unecono-
mical, only a bar screen is provided ahead of
pumps, with grit chambers and other units
following the pumps.

11.2.1 Composition of Grit

Grit in sewage consists of coarse particles
of sand, ash and clinkers, egg shells, bone chips
and many inert materials inorganic in
nature. Both quality and quantity of grit varies

depending upon (a) types of street surfaces en--

countered, (b) relative areas served, (¢) climatic
conditions, (d) types of inlets and catch basins,
(e) amount of storm water diverted from combin-
ed sewers at overflow points, (f) sewer grades,
(g) construction and condition of sewer system,
(h) ground and ground water characteristics,
(j) industrial wastes, (k) relative use of dumping
chutes or pail depots where night soil and other
solid wastes are admitted to sewers and (1) social
habits. The spzcific gravity of the grit is usually
intherange of 2.4 to 2.65. Grit is nonputrescible
and possesses a higher hydraulic subsidence
value than organicsolids. Hence it is possible to
separate the gritty material from organic solids by
differential sedimentation in a grit chamber.

11.2.2 Types

Grit chambers are of two types mechanically
cleaned and manually cleaned. The choice depends
on several factors such as the quantity and quality
of grit to be handled, headloss requirements,
space requirements, topography and economic
considerations with respect to both capital and
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11.2.3 Aerated Grit Chambers

operating costs. In very small plants mechani- .

sation may be unecoQognical. But for all sewage
treatment plants receiving flows over 10 mild
mechanised grit removal units are preferred.

11.2.2.1 Mechanicully Cleaned grit chambers

These gritchambers are provided with mecha-
nical equipment for collection, elevation and
washing of grit which are opqrated either on a
continuous or intermittent basis. Scraper blades
or ploughs rotated by a meter drive,
collect the grit settled on the ﬂgor of the
grit chamber. The grit so collected is elevated to
the ground level by several mechanisms such as
bucket elevators, jet pump, screws and air lift.
The grit washing mecl;amsms are also of
several designs most of which are basically agi-
tation devices using either water orairto produce
washing  action. In intermittently (norm.a]ly
once or twice a day) operated type sufficient
storage capacity to hold the grit between inter-
vals of grit elevation should be provided.

11.2.2.2 Mnuilly cleaned grit chambers

Thase should provideforadequate capacity
for storage of grit bstween intervals of cleaning.
These tanks should be cleaned at least once a
w:ek. The simplest method of removal is by
means of shovel and wheel-barrows.

An aerated grit chamber is a special form of
grit chamber consisting of a standard spiral flow
aeration tank provided with air-diffusion tubes
placed on one side of the tank, 0.6 to 1m frcm
the bottom. The grit particles tend to settle down
to the bottom of the tank at rates dependent upcn
the particle size and the bottom velccity of rell of
the spiral flow, which in turn is controlled by the
rate of air diffusion through the difluser tutes
and the shape of the tank. The heavier grit parti-
cles withtheir higher settling velocitiesdrop down
to the floor whereas the lighter organic particles
are carried with the roll of the spiral moticn and
eventually out of the tank. The velccity cf roll,
however, should not exceed the critical velccity
of scour of grit particles. Normally a transvcrse
velacity of flow, not excecding 0.4 to 0.6 mps
at the top of the tank should satisfy thisrequire-
ment for differential scour. No separate grit wash-
ing mechanism or control device for horizontal
velocity is necessary in aerated grit chambers,

11.2.4 Design Data

The basic data essential for a rational apprc-
ach to the design of grit chambers are hcurly
variations of sewage flow and typical values for
minimum, average and peak flows. Since the
grit chamber is designed for peak flocws and the
flowthrough velocityis maintained constant within
the range of flow, successful design and operation
of grit chamber calls for a fairly accurate esti-
mation of the flows.

The quantity and quality of grit varies from
sewage to sewage. Data relating to these two
factors is very useful in proper design of grit
collecting, elevating and washing mechanisms.
In the absence of specific data, grit content may
be takenas 0.025to 0.075 m*/mL for domestic
sewage and 0.06 to 0.12 m3/mL for combined
sewage. The quantity may increase three to four
fold during peak flow hours which may last for
1 to 2 hours.

11.2.5 Design of Grit Chambers

11.2.5.1 Settling velocity or hydraulic subsidence
value

Grit chamber may be designed on a rational
basis, by considering it as a sedimentation
basin, where discrete particlessettle with their
own settling velocities. The settling velocity is
governed by the size and specific gravities of grit
particles to be separated and the viscesity of the
sewage. The size of separation based on the minj-
mum size of grit to be removed is 0.20 mm al-
though 0.15 mm is preferred for conditiong
where considerable amount of ash is likely to be
carried in the sewage. The specific gravity of the
grit may be aslow as 2.4 but for design purposes
a value of 2.65 is used. The well known Stokes
law on sedimentation expresses the relationship
between settling velocity, size and density of
particle settled, density and viscosity of liquid
and is given by the equations ¢


file:///fintxlly

d* g (S—1)
or 1§«
Where Vs = settling velocity in cm/sec of particle
size ‘d’ cm
g = gravitational constant in cm/sec?,
w= absolute or dynamic viscosity of the
fluid in centipoise;
o, = mass density of particle (gm/cc),
P mass density of liquid (gm/cc),
Ss =psfe = specific gravity
v = u/,=kinematic viscosityin centistokes*
1 Centipoise = 1072 poise or 10 (dynes)
(sec)/cm 2 = 10 2 gm mass/(cm) (sec)
*1 Centistoke 10-2 stoke or 10-2 cm?fsec.
Stokes law holds good for settling of parti-
cles of diameters less than 0-1 mm in which case
the viscous force dominates over inertial force.
This is called “stream line” settling. If the parti-
cles settling are larger than 1:0 mm, the nature of
settling is called “turbulent” and governed by
the Newtons equation which is :

d .o (11—2)

[ 4
Ps —F

vV, = / 3-3g. (11—3)
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Grit particles lie between 0-1 mm and 1-Omm.
The zone of settling corresponding to this range
of particles is called “transition zone” of settling.
The relationship between settling veloclty, size
and density of particle, density and temperatare
of liquid medium in this transition zone 1s given
by Hazen’s modified equation :

3T+70
vV, = 60-6 (Ps—P) —‘——1_&)
3
= 60.6 (S—1) d. .T%%Q

where. V, = settling velocity in cmjscc,
S,and d are as defined previously and
T = Temperature of liquid in °C
For specific gravitijes of grit equal to 2-65
and liquid equal to 1.0,
60.6(2.65—1) 4(3T+70)_ ‘
Vv, = A d(3T+70)...(11e%)
The above formula in case of organic solids
whose specific gravity is assumed as 1-20 will
become
V, = 012 d (3T+70) (11.5)
The settling velocity, ie. the rate of subsidence
of a particle in a liquid medium is also denoted
as Hydraulic Subsidence Value (HSV).

11.2.5.2 Overflow rate

...............

Efficiency of grit removal canbe expressed as

the percentage removal of grit above a specified
article size. A grit chamber designed to remove
1009, of grit particles of smallest size would also
remove all grit particles larger than this. To

70

obtain a 1009, removal of the smallest size parti-
cles, it would be theoretically necessary for the
detention timein the tank to equal the time requir-
ed for the minimum sized particles to reach the
tank bottom. In other words the conditions
should be “ideal” for settling of such particles.
It can also be shown that the settling velocity
“V,” of the minimum-sized particle is equal to
surface loading rate (Q/A) or overflow rate in
order to obtaln a theoretical 1009, removal of
the particles.

The table 11-1 gives settling velocities of
different size particles of specific gravity 2,65
(mineral matter) and 1-20 (organic matter) and
corresponding overflow rates for 1009, removal of

these particles based on Hazen’s modified
equation.
Table 11.1
Settling velocities and overflow rates for grit removal
devices
Temp=10°C
Diameter Settling velocity Overflow rate in an
(mm) of cm/Sec ideal grit chamber
particles : m3/d/m?
Spccific  gravity
2-65 1-20 Specific gravity
2-65 1-20
0:20 2:0 0-24 1700 210
0-18 1-8 0-22 1600 190
0-15 1-5 0-18 1300 160

Thesc values should be corrccted for any other

3T+70 .
temperature by the factor ——I%-O——'However, in

practice, there are turbulence and short cir-
cuiting effects due to several factors such aseddy,
wind currents and density currents. Hence these
overflow rates should be diminished to account
for the basln performance. Generally, values of
two thirds to one half are used in design depend-
ing on the type of grit chamber. These values are
much higher than those needed for organicsolids
of specific gravity 1-2. The surface area of grit
chambers may be worked out based on the reduc-
ed loading rates.

11.2.5.3 Detention period

A detention period of 60

usually
adopted.

sec is

11.2.5.4 Bottom scour and flow through velocity

Bottom scour is an important factor affecting
grit chamber efficiency. The scouring process
itself determines the optimum velocity of flow
through the unit. This may be explained by the
fact that there is a “critical” velocity of flow
‘V.’ beyond which particles of a certain size
and density once settled, may be again placedin
motion and reintroduced into the stream of flow.
The critical velocity for scour mayfbe calculated
from modified Schield’s formula :

/
Ve = 3t04'5,\/ g.(ss_l)d
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For a grit particle size of 0:2 mm, the formula
gives critical velocity values of 17-1 to 25-6 cm/
sec. In actual practice, a horizontal velocity of
flow of 15 to 30 cmysec is used at peak flows.
The horizontal velocity of flow should be maintai-
ned constant at other flow rates also to ensure
that only organic solids and not the grit are
scoured from the bottom. Bottom scour is an
important factor particularly affecting the
grit chamber efficiency.

11.2.5.5 Velocity control devices

Numerous devices have been designed in an
attempt to maintain a constant horizontal velo-
city of flow through grit chambers in the reco-
mmended range of 15 to 30 cm/sec. Since none of
the control devices designed so far have been
able to maintain the velocity at a constant level
at all flows, a limit of variance in the velocity of
5-109%, above and below the desired velocity of
flow is recommended. Multiple channels with
the total capacity to carry the maximum flow
and velocity control either manually or by means
of side-flow-weirsin a distribution box or a diver-
sion chanpel is sometimes adopted but is not ec-
onomical. A satisfactory method of controlling
velocity of flow through the grit channels is by
using a control section which placed at the end
of the channel, varies the cross sectional areas of
gow in the section in direct proportion to the

ow.

As for example, for a flow of 5 cumecs, the
cross-sectional area of flow should be Sm?® and
when flow decreases to 3 cumecs the cross-
sectional area of flow should be reduced to
3 m? to maintain the velocity of flow constant
at 1 mps. Such control sections include propor-
tional flow weirs, Sutro welrs, Parshall flumes,
Palmer Bowlus flumes etc., of which the former
three are commonly used.

(a) PROPORTIONAL FLOW WEIR

The proportional flow weir is a combina-
tion of a weir and an orifice. It maintains a
nearly constant velocity in the grit channels by
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PROPORTIONAL FLOW WEIR
FIG. 11-1(a)

varying the cross sectional area of flow through
the weir so that the depth is proportional to flow
(Fig. 11-1a). The sides are so curved that the area
decreases as the three half power of the increasing
depth of flow over the wefr. Hence the rate of
flow over the weir will vary directly as the head
over the welr.

Discharge Q in Ips over the weir is given by the
expression

Q = I570C v2g" w. hih........... (11-7)

_ where wis the width of the opening at a
height h,in metres and g in m/sectand C is
the discharge coefficlent. With a discharge coeffi-
cient of 0-6, the expression becomes

Q = 4170 (wh 1/2) h......uuuue...... (11—8)

Hence depth may be made to vary directly
as discharges if (wh!/®) is made a constant.
For different values of h, corresponding values
of wcan be determined and hence the parabolic
curvature of the sides of weir could be worked
out. The simple form of the curve would
result in the width of the weir “b” approaching
infinity asthe head approaches zero. Since this
isnot practical, the baseislimited toa conveni-
ent width “b’’ and for 8 small height ““a’’ over the
crest, the cross section is kept rectangular. The
minimum value of vertical height*‘a’’reccmmenced
is 25 mm. The weir shall be set 100 mm to 300 mm
above the bottom of grit chamber to provide
for grit storage or for operation of mechanical
grit scraper. The weir should also be set at
such an elevation as to provide a free fall intc
the outlet channel as it cannot functicn under
submerged conditions. Each grit chamber shculd
be provided with a separate control weir.

(b) SUTRO WEIR

The Sutro weir is a half proportional flow
weir cut symetrically and centrally along the
vertical axis as illustrated 'in_Fig. 11-1(b). The
orifice has a straight horizontal bottom forming
the weir.

SUTRO WEIR
19(b)



(c) PARSHALL FLUME

A parshall flume is an open constricted
channel which can bz used both asa measur-
ing device and also as a velocity control device,
more commonly used for the latter purpose in
grit chambors. The flume has a distinct advan-
tage over the proportional flow weir, as it in-
volves negligible head loss and can work under
submarged conditions upto certain limits. The
limits of submergence are 50% in case of 150mm
throat width and 709, for wider throat widths
upto 1 m. Another advantage is that one
control section can be installed for 2 to 3 grit
chambozrs. The flumeis also self cleansing and there
is no problem of clogging. As the parshall flume
is a rectangular control section, the grit chamber
above it must bz designed to approach a para-
bolic cross section. However, a rectangular sec-
tion with a trap=zoyidal bottom may be used
with a parshall flumz in which case the varia-
tions in v:locity at maximum and minimum flow
conditions from the designed velocity of flow
should bz within p>rmissible limits as given by
th: following equations :

D4-Z=1.1H, and . . . (11—10)
in. . i 287 .
Dmin 1.1 (Qmin/2264 W) Z a1—11)

Dmax.™ 1.1(Q max/2264 W)P—2Z
D = 1.1 [——Q——— 3 7 . (11—12)
2264 W ‘

Q max __Q min .
b =1500 Dmax Vmax 1000 Dmin. Vmin

(11-13)
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where

Q = rate of flow in Ips;

Qmin = minimum rate of flow in Ips;
Qmax = maximum rate of flow in Ips;
W = threcat width in m;

H, = depth of low in upstream leg of the flume
at one-third point in m;

Z = a constant in m;
D = depth of flow in the grit chamber in m;
b = width of grit chamber in m; and

v = velocity of flow in mps at a particular depth
of flow.

Recommended thrcat widths for different
ranges of flow alongwith the dimensions of the
various elements of the flume (Fig. 11-2) for the
different throat widths are given in Table 11-2
which should be strictly adhcred to.

o .9 . . . . (1—1g F16.11:2 DIMENSIONS FOR PARSHALL
1000 b. D. . . FLUME
Table 11.2
Dimensions of Parshall Fluyme (mm)
*Flow range W . TA *¥B C **%D) F G K N
Qmax (mLd)

Upto 5. . 75 460 450 175 255 150 300 25 56
5-=30 . 150 610 600 315 391 300 600 75 113
3045 . 225 865 850 375 566 300 750 75 13
45—170 , 300 1350 1322 600 831 600 900 75 225

170—250 450 1425 1397 750 1010 600 900 75 225
250—350 690 1500 1472 900 1188 600 930 75 225
350—500 900 1650 1619 1200 1547 600 900 75 225
500—700 1200 1800 1766 1500 1906 600 900 75 225
700—850 . . 1500 2100 2060 2100 2625 600 900 75 225
850—1400 . . 2400 2400 2353 2700 3344 600 900 75 225

* For average flow and peak factors, see 3.3.1

** Value should be equal to 1-5 x (Q max) 1/* but not less than those shown in the table.

*k ok ‘Fo’rrhibglher values of B (than shown in the table), the values of D also to beincreased to keep D/B ratio same  as
in Table.
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A typical example is shown in Appendix-12.

11.2.5.6 Number of units

In case of manually cleaned grit chambers
atleast two units should be provided. All mecha-

- nically cleaned units should be provided with a

manually cleaned unit to act as a bypass.

11.2.5.7 Dimenslons of each unit

The surface areas required for each unit is
worked out onthe basis of the overflow rate
chosen as djscussed in 11.2.5.2. The breadth of
tankis fixed with reference to the control device
adopted. The length is then worked out on the
basis of the selected overflow rate. In case of
mechanised grit chambers, the horizontal dimen-
sion may be readjusted to suit the standard sizes
of the mechanical equipment after ensuring that
the flow-through velocity is within the prescribed
limits. The depth of flow is determined by the
horizontal velocity and the peak flow. Additional
depth for storage of grit between intervals of
cleaning should be provided in case of intermit-
tent cleaning. A free board of 150 to 300 mm
should be provided. Bottom slopes are based on
the type of scraper mechanism used.

15—480 M. of W&H/ND/79
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11.2.6 Loss of Head

Loss of head in a grit chamber varies from
0.06 m to 0.6 m depending on the device adopted
for velocity control,

11.2.7 Disposal of Grit

Clean grit is characterised by the lack of
odours. Washed grit may resemble particles of
sand and gravel, interspersed with particles of
egg shell, and other similar relatively inert mate-
rials from the households. Grit washing mecha-
nism has to be included whenever the deten-
tion time is more and flow through velocity is
less. Unless washed, it may contain considerable
amount of organic matter. This becomes an attra-
ction to rodents and insects and is also unsight-
ly and odorous. The grit may be disposed of by
dumping or burying or by sanitary land fill. The
ultimate method used however depends upon the
quantity and characteristics of the grit, availabi-
lity of land for dumping filling, or burial. In gene-
ral, unless grit is washed, provision for burial
should be made.



CHAPTER 12
SEDIMENTATION AND CHEMICAL TREATMENT

The purpose of sedimentation of sewage is to
separate the settleable solids so that the settled
sewage if discharged Into water courses, does not
form sludge banks and when used for irrigation,
does not lead to excessive organic loading. Sedi-
mentation of sewage also reduces the organics
load on secondary treatment methods. Sedimen-
tation tanks, also called plain sedimentation or
primary settling tanks, are located after screens
and grit chambers. Secondary sedimentation or
secondary settling tanks find use in settling of the
effluents from secondary treatment operations like
trickling filter or activated sludge where the
flocculated solids produced by biological treatment
are removed. Intermediate settlingtanks are used
between primary and secondary settling tanks or
remove the flocculated solids in multi-stage bio-
logical treatment units.

Septic tanks, Imhoff tanks and clardigesters
are combination units where sedimentation and
digestion of settleable solids are combined in
single wunits.

12.1 CHARACTERISTICS OF SETTLEABLE
SOLIDS

Ths settleable solids to be removed in sedi-
mentation tanks are mainly organic in nature,
dispersed or flocculated. The specific gravity of
these suspended solids may vary from 1-01 to
1:20. Generally raw sewage is a dilute heteroge-
neous suspension of low specific gravity solids
ranging from fully dispersed to completely floc-
culated ones. 1n primary sedimentation, the bulk
of the solids reaching the tank isin a compeletely
flocculated stage or susceptible to flocculation
due to fluld motion within the tank. Hence laws
of sedimentation governing discrete and non-
flocculent particles cannot be readily applied for
purposes of design. Since the particlesare subject
to flocculation, the sedimentation tank cannot
be designed on the basis of surface arca alone but
will have to take into consideration displacement
or detention time.

12.2 DESIGN CONSIDERATION
12.2.1 Factors Influencing Design

Several factors suchas flow variations, den-
sity currents, solids concentration, solids loading,
area, detentiontime and overflow rate influence the
design and performance of sedimentation tanks.
In the design of some plants, only a few of these
factors may have significant effect on performance
while in others, all of them may play an important
role. Sedimentation tanks are designed for average
flow conditions. Hence during peak flow periods,
the detention period gets reduced with increase
in the overflow rate and consequent overloading
for a short period. If hourly flow variations are

wide as inthe case of some industrial waste flows,
it may be necessary to build an cqualization tank,
ahead of the treatment units so that uniform-
loading is made possible in all treatment units.

12.2.2. Design Criteria

Sedimentation tanks can be designed both
for continuous and intermittent operation, the
formsr being economical and requiring negligible
head as against the fill and draw tanks which
require higher heads. Hence use of fill and draw
sedimentation tanks is restricted to small installa-
tions in industrial waste treatment only.

As already discussed, both surface loading
and detention period are important in the design
of scdimentation tanks for sewage as it contains
both granular and flocculated particles. Besides,
criteria like depth, displacement velocity, inlet and
outlet, weir loading and sludge removal have also
to receive careful consideration in the design
of these tanks.

12.2.2.1 Overflow rate or surface loading rate

The overflow rate represents the hydraulic
loading per unit surface area of tank in unit time,
expressed as m®/d/m?. Overflow rates must be
checked both at average plant flows and peak
flow. The overflow rates to be adopted for the
different settling tanks are given in Table 12-1.
The smaller values in the ranges given are appli-
cable to small plants of capacitics less than SmLd.

12.2.2.2 Detention period

The rate of removal of BOD and SS is maxi-
mym during the first 2 to 24 hours of settling and
thereafter decreases appreciably. Hence increase
in the detention time beyond 2 to 2} hours
will not increase the percentage removal of BOD
or SS proportionately. Longer detention beyond
4 hours may affect the tank performance adversely
due to setting in of septic conditions, particularly
in troplcal climates, Experience has shown that
a detention period of 2 to 24 hours for primary
settling tanks and 14 to 2 hours for secondary
settling tanks will produce the optimum results.
Longer detention may be necessary in case of
industrial wastes with or without chemical
precipitation.

12.2.2.3 Weir loading

~ Weir loading influences the removal of solids
in sedimentation tank, particularly in secondary
settling tanks where flocculated solids are settled.
There is no positive evidence that weir loading has
any significant effect on removal of solids in pri-
mary settling tanks. However, certain loading
rates based on practice are recommended both
for prima(y as well as secondary tanks. For all
primary, intermediate and secondary settling

%Y



tanks, in all cases, except In the case of secondary
tanks for activated sludge process, weir loading not
greater than 100 m3/d/m, for average flows fis
recommended. For secondary settling tanks in
activated sludge or its modifications, the weir
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loading shall not exceed 150m3/d/m. The loading-

should however ensure uniform withdrawal over
the entire periphery of the tank to avoid short
circuiting or dead pockets. Peformance of exis-
ting sedimentation tanks can be improved by
merely increasing their weir length.

This restriction in weir overflow rate requires
special outlet weir design including a total weir
length several times the tank width, for rectangu-
lar tanks and oftsn two weirs with an outlet
channel between them for circular tanks. Very
Iong weirs cannot be maintained truly level over
their full length, except perhaps at considerable
expense; and satisfactory distribution of flow is
more readily obtained by forming indentations at
regularly intervals such as shallow-V-notches say
50mm deep spaced 0.15 to 0-3 m apart. In addi-
tion to the head above the V-notches, a reasonable
free fall of 0-05 to 0-15 m should be allowed for
maximum flows depending in part, on the total
head available.

12.2.2.4 Depth

The depth sets the detention time in the se-
ttling tank and also influences sludge thickening
in secondary settling tanks of activated sludge
plants. The depth recommended for horizontal
flow tanks are given in Table 12-1. In vertical flow
tanks, depth may be 2-0 m excluding hoppers.

12.2.2.5 Sludge removal _

Sludge can be removed manuall_y, hydros-
tatically or mechanically from the sedimentation
tanks. Mechanical cleaning of sludge should be
preferred to manual cleaning even in small plants,
where power is available for running the plant
machinery. Even where power 1s not available or
inadequate or exorbitantly costly, hydrostatic
removal should be adopted to avoid manual
handling of sludge to prevent exposare of workers
to health hazards.

Manual removal requires the tank to be put
out of commission for dewatering. Sludge is then
flushed by a jot of water into sumps. Workers may
also have to enter the tank and push the sludge
into sumps by means of brushes and squeeges.
The sludge collected in the sumps is withdrawn
from the tank by -gravity, hydrostatic pressure
or pumping. The slope of the tank floors should
be gentle, not more than 1 to 2 percent, towards
the sump for men to walk on the floor. Tank
capacity should also provide for storage of sludge
between intervals of cleaning not exceeding 7 days
in tropical climates. Manual cleaning has been
largely given up in favour of mechanical cleaning

in modern practice.

Tanks are provided with hopper bottoms for
hydrostatic sludge removal. Generally horizontal
flow tanks are provided with rectangular hoppers
and vertical tanks with circular or square types.
Side slopes of the hoppers should- be of the order

of 1.2:1 to 2:1 preferably with values greater
than 1.7:1 and 1-5 :1 for pyramidal and conical
hoppers  respectively. The floor of the hoppers
should not be wider than 0- 6 m.

_ Mechanical sludge scraping is best sulted for
circular or square tanks and occasionally adopted
In rectangular tanks. The scrapers or ploughs push
the sludge along the tank bottom to sludge coll-
ecting chaonel or pocket from where it is either
pumped directly or gravitated to a sludge sump
for further disposal.

In rectangular tanks, sludge hoppers are gene-
rally placed at the inlet end. But they may be placed
at mid-length in long tanks or at the outlet ead in
case of sccondary settling tank of activated sludge
plant. The sludge scraping mechanism may be
of a moving bridge type or flight scrapers mounted
on endless chain conveyors. The linear conveyor
specd should pot exceed 0.010 to 0.015 mps.
In case of flight scrapers, the maximum width
of tank is greater than twice the depth. Multiple
flight scrapers are placed side by side, in which
case the width of tank could be increased upto a
maximum 30 m. When multiple flight scrapers
are used, the recefving sludge hoppers is designed
as a trough with transverse collectors to convey
the sludge to a single outlet pocket. A bottom
slope of 1% is recommended for mechanical scra-
ping of sludge.

. The most common type of sludge scraping in
circular or square tanks consists of a rcvolving
mechanism with radial arms having ploughs or
blades set at an angle just above floor level. The
ploughs push the sludge to a central hopper as the
arms are rotated. Sludge from the central hopper
1s removed to a sludge sump by the side of the tank
from where it is pumped. For small dia upto 9 m
the revolving bridge is spanned across the tank dia
while for larger sizes it is supported on the tank
wall on one side and on a hollow pillar at the
centre of the tank on the other side which also
serves as an inlet. Drive motors can be ecither
stationary or movable in the case of traction drive
and are placed above the tank.

The rotating mechanism of the sludge scraper
for square tanks is similar to that of circular tanks
except for additional pivoted corner blades for
removing sludges from the corners. All rotary
r2nechanisms are operated at a low speed of 1 to

rph.

The interval between sludge removal should be
preferably less than 4 hours and never exceed
12 hours. Light flocculent sludges such as the
activated sludge or mixture of activated sludge
and primary sludge are scraped and removed
coatinuously from the tank to avoid septicity.
The paripheral speed of the scraper should
be between 2-5 to 4 cm/sec.

Where sludge is removed intermittently with
intervals larger than 4 hrs, provision for sludge
storage in the hoppers should be made. Sludge
conveyor pipes should not be less than 200 mm



in dia. Hopper volumes should be excluded from
the effective sedimentation volume of the tank.

12.2.2.6 Inlets and Outlets

Performance of sedimentation tanks is very
much influenced by inlet devices which are intended
to distribute and draw the flow evenly across the
basin. Allinlets must be designed to keep down the
entrance velocity to prevent formation of eddy or
inertial ocurrents in the tank to avold short
circuiting. Design should ensure least interference
with the settling zone to promote ideal settling
conditions. Cholce of inlet and outlet design
depends on the geometry of sedimentationtank and
the mode of entry and exit from the tank.

In horizontal flow rectangular tanks, inlets
and outlets are placed opposite each other sepa-
rated by the length of tank with the inlct perpen-
dicular to the direction of flow.

In the design of Inlets to rectangular tanks the
following methods are used to distribute the flow
uniformly across the tank:

(a) Multiple pipe inlets with baffle boards of
depth 0-45t0 0-6 min front of the fnlets,
0-6t00-9 maway fromit, and with the
top of baffle being 25mm below water
surface for the scum to pass over;

(b) channcl inlet with perforated bafflc side
wall between the tank and the channels,
or

(c) inlet channel with submerged welrs dis-
charging into tank followed by a bafile
board inside the tank.

A stilling chamber is necessary ahead of inlets
if the sewage s received under pressure from pum-
ping mains.

Outlet is generally an overflow welr located
near the effluent end, preferably adjustable for
maintaining the weir at a constant level. V-notches
are provided on the welr to provide for uniform
distribution of flow at low heads of discharge over
the welr. Weir lengths could be increased by pla-
cing outlet channel inside the tank with weirs on
both sides. Scum baffies are provided ahead of
outlet devices to prevent the escape of scum with
the effluent.

In radial flow circular tanks the usual pra-
ctice is to provide a central inlet and a peripheral
outlet. The central inlet pjpe may be either a
submerged horizontal pipe from wall to centre or
an iaverted siphon lald bepeath the tank floor.
Aan inlet baffle is placed concentric to the pipe
mouth generally with a diameter of 10-20 97 of the
tank dlameter and exteading 1 to 2 m below water
surface. Where the inlet pipe discharges into a
central hollow pillar, the top of the pillar is flared to
provide adequate number of inlet diffusion ports
through which sewage enters the tank with an
entry velocity of 0-10 to 0-25 mps through the
ports. The entry ports are submerged 0-3 to 0-6 m
below water syrface,

1
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The outlet s generally a peripheral weir
discharging freely into a peripheral channel. The
crest of the welr is provided with V-notches for
uniform draw off at low flows. In all primary sett-
ling tanks a peripheral scum baffle extending 0-20
to 0.30 m below water surface Is provided ahead
of effluent weir. If the length of the peripheral
weir Is not adequate, a weir trough mounted on
wall brackets near the periphery with adjustable
overflow weir on both sides is provided to increase
the leagth of welr.

12.2.2.7 Scum removal

One distinct feature of primary settling tank is
the skimmin% device which, though desirable
fs not normally provided in Intermediate or secon-
dary settling tanks. The skimming device could be
operated by the same scraper mechanism used for
sludge scraping at the bottom of the tank. It
generally consists of a skimmer arm to which a
scraper blade {s attached and moved, partly
submerged and partly projecting above the water
surface, from the outlet end towards the inlet end
in case of rectangular tanks or ina circular pathin
the case of circular tanks. The floating scum is thus
collected at the forward end of the scraper blade
and moved till it is tripped manually or automa-
tically into a scum trough which discharges the
scum to a sump outside the tank from whers it is
removed for burlal, burning or feeding to the
digester. A scum baffle at least 015 m above and
extending to at least 0-30 m below water level
is provided along the periphery, ahead of outlet
device, to prevent the escape of scum with effluent.

12.2.2.8 Types and shapes

Circular tanks are more common than rectan-
gular or square tanks. Upflow tanks have been
used for sewage sedimentation but horizgatal
flow types are more popular, Rectangular tanks
need less space than circular tanks and could be
more economically designed where multiple units
are to be constructed in a large plant. They can
form a more compact layout with the rectangular
secondary treatment units such as aeration tanksin
the activated sludge system.

- For rectangular tanks, maximum length
and widths of 90 and 30 m respectively with length
to width ratios of 1:5to 7-5and lengthto depth
ratios of 5 to 25 are recommended. A minimum
depth of 2 m In case of primary settling tanks and
2:5 m in case of secondary settling tanks for acti-
vated sludge should be provided. Bottom slopes
of 1%are normally adopted. Peak velocities
greater than 1-5 mph should be avoided.

Diameters of circular tanks vary widely from
3 to 60 m although the most common range is
12 to 30 m. Diameters and depths could be chosen
at the discretion of the designer in conformity with
the manufactured sizes of scraper mechanisms
in the country. The water depth varies from 2m
for primary to 3-5m for secondary settling tanks.
Floors are sloped from periphery to centre at a
rate of 7-5to 109,. The inlet to the tank is gene-
rally at the centre and the outlet.is a peripheral
weir, the flow being radial and®horizontal from



¢entre to the periph.ery of the tank. Multiple
units are arranged in pairs with feed from a
central control chamber.

12.3 PERFORMANCE

Primary sedimentation of domestic sewage
may be expected to accomplish 30 to 459
removal of BOD and 45 to 609 removal of SS
depending on concentration and characteristics of
solids in suspension. Secondary settling tanks, if
considered independently, remove a very high
percentage of flocculated solids, even more than
99%, particularly following an activated sludge

“unit where a high mixed liquor suspended solids

is maintained in the aeration chamber. However,
the efficiency of secondary blological treatment
process is always defined in terms of the combined
efficiency of the treatment units and its secondary
settling tank with reference to the characteristics of
the incoming sewage.

124 CHEMICAL PRECIPITATION

Chemical preclpitation of sewage or indust-
rial waste is analogous to coagulation in water
purification. Certain salts of heavy metals like
ironand aluminium when added to sewage contain-
ing alkaline substances develop heavy precipitates
which bring down with them colloidal suspensions.
This phenomenon may be due to mere mechanical
entrainment of colloidal particles or due to neutra-
lisation of colloids due to large surface area pre-
sented by the precipitates. However, the exact
mechanism by which the colloidal suspensions
are removed is still not fully understood. The
method produces intermediate results between
plain sedimentation and secondary treatment.
With proper dosages of chemicals this treatment
method may be expected to remove 60 to 809
of SSand 45t0 657 of BOD when it is not pre-
ceded by any plain sedimentation.

Chemical precipitation will not, however
remove dissolved solids. On the contrary they
may add to the dissolved solids content of sewage
due to addition of chemicals.

As compared to secondary biological treat-
ment methods such as trickling filter or activated
sludge, chemlcal treatment will be less efficient and
will work out uneconomlical and is therefore
recommended only when

(i) seasonal variations in strength and volume
of sewage s high;

(if) intermediate treatment between plain se-
dimentation and secondary blological
treatment is adequate;

(iii) suspended solids from industrial wastes,
which are not amenable for biological
tregtment are to be precipitated out;
an

(iv) sludge conditioning for dewatering s
needed.

The main advantage of this method is its
suitability for seasonal and batch operation,
However, the large volumes of sludge (2 to 3
times) produced pose serious disposal problems.
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12.4.1 Chemicals Used

The most commonly used chemicals aré
ferrous sulphate; ferric chloride, ferric sulphate
chlorinated copperas, alum, aluminium chloride,
lime and sodium carbonate. Cholce of chemical
and its dosages depends on cost of chemlcaj
degree of treatment required and the characteristics
of the waste, pH being one of the more impor-
tant factors. Optimum dosages is determined by
conducting precipitation tests in the laboratory.

12.4.1.1 Iron sqlts

Ferric salts are better coagulants than ferrous
salts because of their higher valency and their
efficiency over a wider pH range. Ferrlc salts are
effective at all pH values above 3, the efficlency
increasing with increase in pH, while the useful
pH range of ferrous salts is above 10. But when
waste waters are highly alkaline due to presence
of trade wastes, it may be cheaper to use larger
dosage of ferrous salts as they are relatively chea-
per. Chlorinated copperas which Is an equimole-
cular mixture of ferric sulphate and ferric chloride
formed by the addition of chlorlne to ferrous
sulphate is also used in place of ferric salts.

12.4.1.2 Alumintum sqlts

Aluminium chloride and sulphate of alumina
(filter alum) are the commonly used aluminium
salts. Where alum fs used, the sludge produced is
greater in volume and also bulky than with iron
salts making it less easily settleable.

12.4.1.3 Lime and sodium carbonate

These are used for pH adjustment to favourable
ranges of coagulants especfally when sewage fs
highly acldic. Lime is sometimes used independen-
tly as a precipitant, particularly when iron
pickling liquors are present in sewage. The action
may be due to formation of calcium carbonate
floc or reactions with small amounts of alumi-
nium or iron salts present in sewage. Lime Inci-
dentally helps in grit separation, ofl and grease
removal and is perhaps the cheapest chemlical
used in chemical precipitation.

12.4.2 Unit Operations

The process cons.lsts of the three unit opera-
tions viz., proportioning and mixing of chemicals,
flocculation and sedimentation.

12.4.2.1 Mixing

The required dose of chemical is weighed and
fed to sewage by means of proportioning and
feeding devices, ahead of the mixing unit. Mixing
is accomplished In a rapid or flash mixing unit
provided with paddles, propellers or by diffused
airand havingdetentionperiod of0- 5to 3 minutes.
The paddles or ropellers are mounted on a ver-
tical shaft and drlven by a constant speed motor
through reduction gears. The size and speed of the
propeller Is so selected as to give a propeller
capacity of twice the maximum flow through the
tank. The shaft speed Is generally of the order of
100—120 rpm and power requirement is aboyt
0-1 kw/mLd.



12.4.2.2 Flocculation

The principle of flocculation in sewage is
similar to flocculation in water purification. The
floccules that are formed after flash mixing with
chemicals are made to coalesce into bigger
sizes by either air flocculation or mechanical
flocculation. Both diffused air and mechanical
vertical draft tube are used for air flocculation.
Revolving Fadd]e type is the most common of the
mechanical flocculators. The tanks are usually in
duplicate witha detention period of 30--90 minutes
depending upon results required and the type of
sewage treated. However, the dose of chemical
required as well as the flocculation period are
best determined by laboratory test followed by
pilot plant studies for optimum results. The paddles
are mounted either on a horizontal or vertical
shaft. The peripheral speed of the paddlesis kept in
the range of 0-3 to 0:45 mps. The flow-through
velocity through the flocculator should be in the
range of 15 to 25 cm/sec to prevent sedimentation.

_In case of domestic sewage and certain indus-
trial wastes, mechanical flocculation without addi-
tion of chemicals will induce self flocculation of
the finely divided suspended solids and hence in-
crease the efficiency of sedimentation.

12.4.2.3 Sedimentation

The flocculated sewage solids are settled out
in a subscquent sedimentation tank. The design
featurcs of these tanks are similarto secondary
settling tanks as discussed in 12.2.2. Usyally deten-
tion period of 2 hrs and an overflow rate of not
more than 50m3/d/m? for average flows is adopted
in the design of these sedimentation tanks.

Table 12.1

Design Parameters for settling Tank
Overflow rate m®/d/m?

Avcrage Peak Depth
in m
Primary settling only 25—-30 50—60 3-0—3-5
Primary settling followed by 35—50 80—125 3-0—3-5
secondary treatment.
Primary settling withactiva- 25—35 50—60 3-5—4-5
ted sludge Return.
Secondary settling for trick- 10—25 40—50 3-0-—3-5
ling filter.

Secondary settling for Acti~  15—35 40—50 3-5—4°5
vated Sludge (Excluding
Extended Acration).

Secondary settling for Ex-
tended Acration

8—15 35 3-5—4-5

In the case of secondary clarifiers following
trickling filters, the design overflow rate must
include recirculated flows when clarified effluent
is used for recirculation. In the case of activated
sludge plants, however, the design overflow
rate is to be applied only to the sewage
flow and not to the mixed liquor flow to the
settling tank. Secondary scttling tank of
activated sludge plants must be designed not
only for hydraulic overflow rates but also
for solids loading rates so that adequate sludge
thickening may take place and there may be con-
centrated sludge return. Solids loading rates
(based on MLSS i.e. mixed liquor flow to the
settling tanks) must be in the range 100—150
kg/d/m? for conditions of average flow and should
not exceed 250 kg/d/m? for peak flow conditions,
The surface area for activated sludge settling
tanks is to be designed for both overfiow rate and
solids loading rate and the larger value adopted.



CHAPTER i3
ACTIVATED SLUDGE PROCESS

The Activated Sludge Process is an aerobic,
biological sewage treatment system. The essential
units of the process are an aeration tank, a secon-
dary settling tank, a sludge return line from the
secondary settling tank to the aeration tank and
an excess sludge waste line.

13.1 PROCESS MECHANISM

In the activated sludge process, raw sewage or
more usually settled sewage, is aerated in an
aeration tank for a period of some hours. During
the aeration, the micro-organisms in the sewage
multiply by assimilating part of the influent
organic matter; in this process, part of the organic
matter is synthesised into new cells and part is
oxidised to derive energy. The synthesis reaction,
followed by subsequent separation of the resulting
biological mass and the oxidation reaction are the
main mechanisms of BOD removalin the activated
sludge process. The BOD removal is evaluated
based on the BODj; of the aeration tank influent
and the BOD, of the final effluent after sludge
separation. The b‘lologlcal mass gener_ated in the
aerationtankcon51stsofzooglea]bacterla,protozoa
rotifers, etc. The biomass is generally flocculent
and quick settling. Itis separatedfromt'heaerated
sewage in a secondary scttling tank and is recycl;d
continuously to the aeration tank as an essential
feature of the process. The mixture of recycled
sludge and sewage inthe aerationtankisreferred to
as ‘mixed liquor’. The recycling of sludge helps in
the initial build up of a high mnpentration of active
micro-organisms in the mixed liquor which accele-
rates BOD removal. Once the required concentra-
tion of micro-organisms in the mixed liquor has
been reached, its further increase is prevented by
regulating the quantity of sludge recycled and
wasting the excess from the system.

The mixed liquor suspended solids (MLSS)
content is generally taken as an index of the mass
of active micro-organisms in the aeration tank.
However, the MLSS will contain not only active
micro-organisms butalso their dead ce!ls.as well as
inert organic and inorganic matter derived from
the influent sewage. The mixed liquor volatile
suspended solids (MLVSS) value is also used and
is preferable to MLSS as it eliminates the effect of
inorganic matter.

13.2 PROCESS VARIABLES

The main variables of the actiya}ed s]que
process are the loading rate, the mixing regime
and the flow scheme.

13.2.1 Loading Rate

The loading rate expresscs the rate at which
sewage is applied in the aeration tank. A loading
parameter that has been developed empirically
over the years is the hydraulic retention time
(HRT) which is expressed as follows :

v

Q x 1000
where V=Volume of aeration tank, m3
Q =Sewage inflow, mLd (sludge recycle
excluded)

Another empirical loading parameter is volu-
metric loading which is defined as the BODj
applied per unit volume of aeration tapnk or

HRT(Hours)=

%24 ... (13-1)

QxLa
Volumetric loading, kg BOD4/m?=—— ...(13-2)
v

where La=influcnt BOD, to aerationtank, mg/l.

A rational loading parameter isthe organic
loading rate which is also referred to as food to
microorganismsratio (F/M). The organic loading
rate is defined as the ratio of kg BOD; applied per
day (representing microbial feed) to kg. MLSS
jn aeration tank (representing micro-organisms) or

Qx la
T (V/1000). X,

where X,=MLSS, mg/l as before. The F/M
ratio is the main factor controlling BOD removal.
Lower the F/M value, the higher wiil te the BOD
removal in the plant. The F/M can be varied by
varying the MLSS concentration in the aeration
tapk,

FM (13-3)

Athird parameter that could be usedfor check-
ing the design of activated sludge systems is the
Solids Retention Time (SRT) also known as Mean
Cell Residence time (MCRT) or the sludge
Age which is given by

kg MLSS underaeration
...(13-9)

(Kg SS wasted + kg 88 lost in the
final effluent) per day

Typical values of loading parameters for
various activated sludge Systems is furnished in

Table 13.1

13.2.2 Mixing Regime

The mixing regime employe\d in the aeration
tank may be plug flow or completely mixed flow,



Plug flow implies that the sewage moves down
progressively along the aeration tank, essentially
unmixed with the rest of the tank contents.
Completemix flowinvolvesthe rapid dispersal of
th: incoming sewage throughout the tank. In
the plug flow system, the F/M and the oxygen
demand will be highest at the inlet end of the aera-
tiontank and will then progressively decrease, In
the complete mix system, the F/M and the oxygen
demand will be uniform throughout the tank,

13.2.3 Flow Scheme

Theflowschemeinvolvesthe pattern of sewage
addition and sludge return to the aeration tank
and also the pattern of aeration, Sewage addition
may be at a single point at the inletend of the tank
or it may be at several points along the aeration
tank, The sludge return may be directly from the
settling tank to the aeration tank or through a
sludge reaeration tank, Air may be applied uni-
formly along the whole length of the tank or it may
be tap;red rom the head of the aeration tank to
its end,

13.3 CONVENTIONAL
MODIFICATIONS

The conventional system represents the early
development of the activated sludge process.
Over the years, several modifications to the con-
ventional system have been developed to meet
specific treatment objectives by modifying the
process variables discussed in 13.2.

13.3.1 Conventional System

The Conventional system is always preceded
by primary settling. The plantitself consists of an
aeration tank, a secondary settling tank, a sludge
return line and an excess sludge waste line (Fig,
13-1(a)).

[SYSTEM AND

The HRT, volumetricloadingand F/Musually
adopted for the conventional system are given in
Table 13-1. The BOD removal in the process is
85—95 percent. The plant employs a plug flow
regime which is achieved by a long and narrow
configuration of the aeration tank with length
equal to 5 to 50 times the width, The sewage and
mixed liquor are let in at the head of the tank and
withdrawn at its end, Because of the plug flow
regime, the oXygen demand at the head ofthe
aeration tank is high and then tapers down
However, airis suppliedinthe process at a uniform
rate along the length of the tank, This leads to
either oxygen deficiency in the initial zone or

wasteful application of air in the subsequent
reaches,

~ Themainlimitati
is that the aeration
high, Furth
stability at

onofthe conventional system
tank volume requirement is
er, there is a lack of operational
‘ times of excessive variation in rate of
inflow and in influent strength. For historical
reasons, the conventiongl system is the most
widely used type of the activated sludge process.

Capacities of plants in yse
above 1000 mLd, range from 5 mLd to
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13.3.2 Tapered Acration

Tapered aeration involves a minor modifica-
tion of the conventional syStem in that the air is
supplied at a high rate at the head of the aeration
tank to meet the high oxygen demand there and
then gradually reduced to match the reducing
oxygen demand, The main advantage of tapered
aeration is the optimal application of air, The
method lends itself readily for the upgrading
of conventional plants employing diffused air
aeration,

13.3.3 Step Aeration

In step aeration, the settled sewage is intro-
duced along the length of the aeration tank in
several steps while the return sludge is introduced
at the head (Fig 13 1(b)). The loading criteria
adopted for the system are shown in Table 13.1
The MLSS concentration decreases at each point
of sewage addition and the F/M ratio is calculated
based on the average MLSS concentration in the
tank, Because of the step addition of sewage, the
oxygen demand in the system isfairly uniformly
spread over the length of the aeration tank and the
air supplied uniformly as in the conventional
system is efficiently used. The process enables an
appreciable reduction in the acration tank volume
without lowering the BOD removal efficiency
Step aeration method has considerable capacity to
absorb shock organic leadings. The method has
found application for larger plants of capacities
upto about 1000 mLd.

13.34 Contact Stabilisation

The process is also called biosorption, In this
process sewage may be treated either after primary
settling or without primary settling, The sewage
is aerated along withreturn sludge for a comparati-
vely short period of 0.5—1.5 hrs. when the sludge
adsorbs the organic matter in the sewage. The
mixed liquor is then settled in a secondary settling
tank. The return fraction of the sludge withdrawn
from the settling tank is reaerated in a separate
sludge reaeration tank for a period of 3—6 hrs.
before it is fed back into the contact aeration tank
(Fig 13—1(c) ). During the sludge reaeration, the
adsorbed organics are stabilised restoring the
adsorptive capacity of the sludge.

The loading criteria for the processare givenin
Table 13—1, It is to be noted that in determining
F/M for the process, both the SS in the contact
aeration tank and the SS in the sludge reaera-
tion tank are to be taken into account,

The contact stabilisation process is quite
effective in the removal of collojdal and suspended
organic matter, but itis not very effective in remov-
ing soluble organics, The method is well suited
for the treatment of fresh domestic sewage con-
taining only a low percentage of soluble BOD.
Compared to the conventional system, the contact
stabilisation process has greater capacityto handle
shock organic loadings because of the biological
buffering capacity of the sludge reaeration tank,
The process also, presents greater resistance to

. toxic substances in the sewage as the biological
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SCHEMATIC DIAGRAMS OF ACTIVED SLUDGE TREATMENT

WITH DIFFERENT MODIFICATION
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Table 13.1
Characteristics and Design Parameters of Different Activated Sludge Systems
Process type Flow MLSS MLVSS F/M HRT Volume-  SRT Qr BOD kg O, Air
Regime mg/1 hrs. tric (days) —-——— removal require-
MLSS Loading Q percent kg BOD; ment
kg BOD; Removal  per kg.
per m® BOD;
Ma
1 2 3 4 5 6 7 8 9 10 11 12
Conventlonal  Plug 1500to 0-8 0:4to 4to8 0-3to StolS 0-25to 85t095 0-8to 40 to 100
3000 02 0-7 0-5 1-1
Tapered Aera- Plug 1500 to 0-8 0-4t0 408 0:3to 5to15 0:25t0 85t0950:7to 50to 75
t?gn. 3000 02 0-8 05 1-0
i Pl 2000 t 0-8 0-4to 3to5 0-7to 5to15 0:25t0 851095 0:7to 50to 75
Step Aeration ug 3000 0 o 2o o 07
Contact Stabili- Plug 1000to 08 0-5to 0-5t0 1-0to 5tol5 0:25to  85t095 0:7to 50to 75
sation 3000(1) 0-2 1-5() 1-2 1-0 1-0 )
3000 to : and
6000 (2) 306
(2)
Complete mix. Comple- 3000 to 0-3 0-6to 3to5 0-8to Stol5 0:25to 85t095 0:-7to S50to 7S
te mix 6000 0:2 2-0 1-0 1-0
i - Pl 300 ¢ 08 50to 1:Sto 1:2to 0:-2to 005t0 60to7504¢t0 25t0 50
Mgggied Acra " 800 ° 1-5 3 2-4 05 0-15 0-6
Extended Acra- Comple- 3000 to 0-5to 0-15t0 18to 0-2to 20to30 0-35to 90t0o98 1-0to 100—135
tion te mix 8000 0-6 0-05 36 0-4 : 1-5 1-2

1. In contact Aeration Tank.
2. In sludge Reaeration Tank.

3. Divided equally between contact aeration tank and sludge reaeration tank.

mass is exposed to the main stream of sewage
containing the toxic constituents only for a short
time, The air requirements of the process are the
same as for the conventional system, the air supply
being djvided equally between the contact aeration
tank and the sludge reaeration tank. However
the total aeration tank volume required (sludgc
reaeration tank plus contact aeration tank) is only
about half. The process, therefore, presents an
effective method of uprating existing conventional
type plants when sewage characteristics are
satisfactory, The process has found application in
medium sized plants with capacities upto 40 mLd.

13.3.5 Complete Mix

The complete mix activated sludge plant
employs a completely mixed flow regime. In a
rectangular tank, complete mixing {s achizved
by distributing the sewage and the return sludge
uniformly along one side of the tank and with-
drawing the aerated sewage uniformly along the
opposite side (Fig. 13—1(d) ). Ina circular or squ-
are tank complete mixing is achieved by mecha-
nical aerators with adequate mixing capacity in-
stalled at the centre of the tank. The loading para-
meters of the process are shown in Table 13-1.

The complete mix plant has the capacity to
holda highMLSS level in the aeration tank enab-
ling the aeration tank volume to be reduced. The
plant has increased operational stability at shock
organic loadings and also increased capacity to
treat toxic biodegradable wastes like phenols.
The plant is less liable to upset by slugs of
flows of toxic wastes. The complete mix process

has been used mainly for small plants with
capacity less thzn 25 mLd. .

13.3.6 Modified Aeration

. The modified aeration process Is also termed
minimal solids aeration. The flow scheme for the
process {s similar to that of thc conventional
system. However, primary settling is dispensed
with frequently. The process is distinguished by
short aeration perfod, high volumetric loading,
high F/M, low percentage of sludge return and
low concentration of MLSS (Table 13-1). The
air requirements are lesser than in the conven.
tional system.

Modified aeration develops dispersed biologi-
cal growth which does not flocculate and quickly
settle. Alum and polyelectrolytes are sometimes
employed to improve secondary settling. The
BOD removal in the process is only 60—75
percent. The method is suitable when only inter-
mediate quality effluent is desired as for exam-

le, when the effluent is to be used for sewage
arming. The process is attended by substantial
savings in construction and aeration costs. The
process has been employsd mainly in large plants
with capacities above 200 mLd.

13.3.7 Extended Aeration

The flow scheme of the extended aeration
process and its mixing regime are similar to
that of the complete mix process. The oxidation
ditch  (Fig 13.1(c)) also conforms to the extended
aeration principle and relies on aerating the
mixed liquor in an endless ditch.



Primary settling is omitted in the extended
aeration process, but communition is often provid-
ed for screenings. The process employs low organic
loading, long aerationtime, high MLSS concentra-
tion and low F/M. The BOD removal efficiency
is high. Because of long dctention in the aeration
tank, the mixed liquor solids undergo considerable
endogenous respiration and get well stabilised.
The excess sludge does not require separate diges-
tionand can be directly dried on sand beds. Also
the excess sludge production is a minimum.

The air requirements for the process are high
and the running costs are also therefore quite high.
However, operation is rendered simple due to the
etimination of primary settling and separate sludge
digestion. The method is, therefore, well suited
for small communfitics having sewagz flows lsss
than 4 mLd.

13.4 DESIGN CONSIDERATION

The items for consideration in the design
of an activated sludge plant are aeration tank ca-
pacity and dimensions, aeration facilities, secon-
dary sludge recycle and excess sludge wasting.

13.4.1 Aecration Tank

The aeration tank capacity is determined from
the F/M and MLSS values selected for the plant.
The F/M and MLSS levels gencrally employed
in different types of the activated sludge process
are given in Table 13-1 along with their corres-
ponding BOD removal cfficiencles. The lower
F/M values are recommended also when winter
operating temperatures are low and near freezing
point. The tank capacity is determined based on
the organic loading formula given in 13.2.1. The
capacity obtained should also be checked against
the empirical design criteria for HRT and volume-
tric loading.

Except in the case of extended aeration plants
and complete mix plants, the acration tanks are
designed as long narrow channels. This configura-
tion Is achieved by the provision of round-the-end
baffles in small plants when only one or two tank
units are proposed and by construction as long and
narrow rectangular tanks with common interme-
diate walls in large plants when several units are
proposed. In extended aeration plants other than
oxidation ditches and in complete mix plants the
tank shape may be circylar or square when the
plant capacity fs small or rectangular with se-
veral side inlets and equal number of side out-
lets, when the plant capacity is large. The oxi-
dation ditch has certain special features and its
design is therefore discussed separately in 13.5.

The widthand thedepth of the aeration chan-
nel depends on the type of aeration equipment
employed. The depth controls the aeration
efficiency and usually ranges from 3 to 45 m, the
latter depth bsing found to be more economical
for installations treating more than 50 mlLd.
Beyond 70 mLd duplicate units are preferred.
The width controls the mixing and is usually kept
between 5 and 10 m. Width-depth ratio should be
adjusted to be beiween 1:2 to 2.2. The length
should not be less than 30 or not ordinarily longer
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than 100 m in a single section length before doubl-
ing back. The horizontal velocity should be around
1.5 m/min. Excessive width may lead to settle-
ment of solids in the tank. Triangular baffles
and fillets are used to eliminate dead spots and
induce spiral flow in the tanks. Tank free-board
is generally 0-5 m.

Due consideration must be given in the de-
sign of aeration tanks to the need for emptying
them for maintenance and repair of the aeration
equipment. Intermediate walls shouid be design-
ed for empty conditions on either side. The
method of dewatering should be considered in
the design and provided for during construction.

The inlet and outlet channels of the acration
tank should be designed to maintain a minimum
velocity of 0-2 mps to avold deposition of solids.
The channels or conduits and their appurtenances
should be sized to carry the maximum hydraulic
load to the remaining aeration tank units when
any one unit is out of operation.

The inlet should provide for free fall into the
aeration tank when more than one tank unit or
more than one inlet is proposed. The free fall
will enable positive control of the flows through
the different inlets. Outlets usually consist of free-
fall weirs. The weir length should be sufficient to
malintain a reasonably constant water level in the
tank. When multiple inlets or multiple tanks are
Involved, the inlets should be provided with
valves, gates or stop planks to enable regula-
tion of flow through each inlet.

13.4.2 Oxygen Requirements

Oxygen Is required in the activated sludge
process for the oxidation of a part of the influent
organic matter and also for the endogenous res-
piration of the microorganisms in the system,
The former is a function of the BOD removed,
while the latter is a function of the MLSS in
the acration tank. The total oxygen requirement
of the process may be formulated as follows :

0, required, =a’ Q(L,—L,)+ b’ (VX,/1000)
kg/day . . . . (13+5)

where a’ and b’ are constants determined experi-
mentally and other symbols are as before. For
municipal sewage, the values of a’and b’ have
been reported to be 0:4 to 0:65 and 0-1 to 0-3
respectlvely. '

The formula does not allow for nitrification
but allows only for carbonaceous BOD removal,
The extra oxygen requirements f(_)r nitrification is
4:56kg O, | perkgNH,—N oxidised toNO,—N.

The total oxygen requirements per kg BOD
removed for different activated sludge processes
are given in Table 13-1. The amount of oxygen
required for a particular process will increase
within the range shown in the table as the. F/M
value decreases. : - ,



13.4.3 Aecration Facilities

The acration facilitics of the activated sludge
plant are designed to meet the calculated oxygen
demand of the process while maintaining in the
aeration tank a minimum DO of about 1-2 mg/l
which is necessary for proper development of
biological sludge. In addition to supplying dis-
solved oxygen, the aeration devices have also to
provide adequate mixing and agitation so that the
mixed liquor suspended solids do not settle down.
Aeration devices ysually consist of either diffused
air aerators or mechanical aerators.

13.4.3.1 Diffused air aeration

Diffused air aeration involves the introduction
of compressed air into the sewage through sub-
merged diffusers or nozzles. The aerators may be of
the fine bubble or coarse bubble type. Inthe former
compressed air is released at or near the bottom of
the aeration tank through porous tubes or plates
made of aluminium oxide or silicon oxide grains
cemented together in a ceramjc matrix.

The permeability of a diffuser plate is defined
as the volume of free air in m3/min that will pass
through 1 m? of diffuser at 50 mm differential
pressure under dry conditions at temperature of
21° C. Recommended permcabilities lie between
12 and 24, larger ratings tending to give uneven
distribution.

Standard Ceramic plate diffusers have dimen-
sions 0°3 m x 0-3 mX25 mm with pores of
about 0-3 mm dia corresponding to the permeabi-
lity grading of 12. Such plates under water, pass
about 1-:2m3 of air/min/m? with pressurc losses
between about 100mm and 200mm of water. For
the best uniformity of distribution and plevcntion

" of clogging problems a minimum of 0:6 m2 of
air/min{m2 of plate surface under water is
advisable and should not exceed 2-5m® because
of pressure losses, poor air economy and more
rapid clogging due to corrosion.

The air supply should be at least 0-25m3 per
min per metre length of channel. Spacing of the
diffusers should be 0-6 and preferably 1 m apart
between centres to avoid rising streams of bubbles.

Other types of diffusers using porous material
having the form of long tubes or mushroom shaped
domes installed at a level 0:3 to 0-6 m above the
floor of the aeration tank are preferred sometimes
to the diffuser plates which are placed at the floor
level because of the ease of cleaningand replace-
ment with the unit under operation. 180 mm dome
diffusers pass about 0:85—1-4 m3 of air per hour
through each dome. Porous diffusers are liable to
clogging from the inside by the dust carried in the
air and also clogging from the outside by the sus-
pended solids in the sewage. The air supplied must
therefore be free of dust and frames supporting
the diffusers must not form- rust which cause
choking. Air supplied to porous diffusers should
contain less than 0:02 mg of dust per ms.
Troubles due to clogging from the inside can be
reduced by providing air filters and those due to

clogging from outside can be avoided by providing
adequate air pressure below the diffusers at all
times. In spite of such precautions, fine bubble
diffusers will require periodical cleaning. For
clzaning plate diffusers, the aeration tank will have
to b> emptied. Swinging pipe diffusers with filters
which can be swung out of the tank have the ad-
vantage that they can be cleaned regularly without
shutting down and emptying the tank. Tube
diffusers are therefore preferred to plate diffusers.

Successful aeration has also been obtained by
introducing the air directly through comparatively
large holes in pipes located at the bottom along
one side of the tank or even through open ends of
vertical pipes of about 15—40 mm dia and about
0-6 m apart. In these cases, aeration not only
depends upon air bubbles but also upon the rapid
circulation of the whole contents of the tank with
the aid of coarse air bubbles, whereby the exposed
water surfaces are renewed in a matter of seconds
and the oxygen is also rapidly absorbed from the
atmosphere. The arrangement of diffuscr plates
should be such that the influent half of the aeration
channel has 30% greater concentration of plates
than in the effluent half of the tank in order to
obtain a uniform life, since the diffuser at the inlet
end tends to clog more rapidly.

Coarsc bubble aerators consist of proprietary
devicessuch as Monosparj, deflectofuser, Discfuser,
etc. They haveslightly lower acration efficiency
than fine bubble aerators but are cheaper in first
cost and are less liable to clogging and do not
require filtration of air. Air diffuscrs are generally
placed along one side of the aeration tank, helping
to set up a spiral flow in the tank which improves
mixing and prevents the solids from settling.
They are located 0-3 to 0-6 m above tank floor to
aid In tauk cleaning and reducce clogging during
shutdown.

The quantity of oxygento bedelivered through
the diffuser system depends on the oxygen demand
of the scwage and the efficiency of oxygen transfer
of the diffusers will the latter being controlled by
the size of the air bubble produced and the depth of
submersion of the diffusers. The oxygen tra- sfer
efficiency at 1 to 2 mg/l of DO in aeration tank
varies from 5 to 15 pcreent for 1 ost diffusers with
8 percent being common for fine bubble diffusers
and 6 percent for coarse bubble diffusers. The
quantity of air to be delivered through the diffuser
system can be worked out from the quantity of
oxygen to be delivered assuming 23-2 percent
oxygen in air and air density of 1-43 kg /m? under
standard conditions. The air requirements for
dfferent types of activated sludge system are given
in Table 13—1.

The airdelivery systems are designed to deli-
ver 1-5 times the normal air requirements and
compressors ar¢ installed in multiple units to
enable increase or decrease of the air supply.
The pressure developed by tie air compressors
should equal the depth of sewage 1o the diffuscr
units plus losses in diffuser plus about 25% extra
for losses in transmission or about 0-4—0-65
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kgf/cm? total. Air-pipings are designed for velo-
cities of 6 to 30 mps for pipe diameters of 25
mm—1500 mm. Air header pipes should be located
above the tank water level to avoid back sip-
honage when the compressors trip.

The advantages of flexibility in the acration
arrangements are given particular attention for
larger plants. Greater flexibility requires costlicr
air supply piping systems—additional fittings,
valves, airflow meters, perhaps less efficient com-
pressor opcration, etc.—but the added costs
may be justified by improved purification effi-
ciencies. Automatic dissolved oxygen or redox
potential measurements may also be provided.

With the development of efficient mechanical
surface aerators requiring very little operational
attention diffused alr aeration is falling out of
use.

13.4.3.2 Mechanical aerators

Mechanicalaerators were linked to small insta”
llations in the past but with recent improvements
in their design, they are being increasingly used for
large plants in preference to diffused air aeration
systems. Some of their advantages are higher
oxygen transfer capacity, absence of air piping
and alr filter and simplicity of operation and
majntenance.

Mechanical aerators generally consist of large
diameter impeller plates revolving on vertical
shaft at the surface of the liquid with or with-
out draft tubes. A hydraulic jump is created by
the impellers at the surface causing air entrain-
ment in the sewage. The impellers also induce
mixing. The speed of rotation of the impellers is
usually 70—100 rpm. The agitator-sparjeris a
special mechanical aerator system involving the
release of compressed air at the bottom of the
aeration tank in large bubbles and the breaking
up of the bubbles into fine bubbles by submerged
turbine rotors located above the air outlets.
The turbine rotors also provide mixing.

Mechanical aerators are rated based on the
amount of oxygen they can transfer to tap water
under standard conditions of 20°C, 760 mm kg
barometric pressure and zero. DO.

The oxygen transfer capacity under field
conditions can be calculated from the standard
oxygen transfer capacity by the formula.

CS_CI-
N=N; X 1:024T-20 x .. (13-6)
Where
N=oxygen transferred aunder field conditjons,
kg O,/hr.

Ny=oxygen transfer capacity under standard
conditions, kg O,/hr;

Cs.-.—_dissdved oxygen saturation value forse-
wage at operating temperature,

C,=operating DO level in aeration tank us-
ually 1 to 2 mgfl

T=Temperature, °C.

85

o« =Correction factor for !oxygen transfer
for sewage, usually 0-8 to 0-85.

The oxygen transfer capacity of mechanical
aerators under standard conditions is about [-9
kg/kwh compared to 1:3 kg/kwh for sparjer
system, 1-5kg/kwh for diffused air fine bubble
aeratorsand 0.9 kg/kwh for difiused air coarse
bubble aerators. Oxygen transfer capacities of
surface acrators should be supported by actual
test data for the model and size offerzd.

13.4.3.3  'Mixing requirements

The aeration equipment have also to provide
adequate mixing in the acration tank to keep the
solids in suspension. Mixing considerations require
that the power input in mechaunical aerators
should not be 12ss than 0:015—0-026 kw/m3 of
tank volume. The power input of mechanical
acrators derived from oxygenation considera-
tions should be checked to satisfy the mixing
requirements and increased where required.

13.4.4 Measuring Devices

Devices should be installsd for indicating flow
rates of raw sewage or primary cfilucat, return
sludge and air to each aeration tank. For plants
designed for sewage flow of 10 mLd or more
intcgrating flow recorders should be used.

13.4.5 Secondary Settling

Secondary settling assumes considerable
importance in the activated sludge process as the
efficient separation of the biological sludge is
necessary not only for easuring final efflucnt quality
but also for return of adequate sludge to maintain
the MLSS level in the aeration tank. The secondary
settling tank of the activated sludgs procsss is
particularly sensitive to fluctuations in flow rate
and on this account it is recommended that the
units be designed not only for average overflow
rate but also for peak overflow rates. The high
concentration of suspended solids in the effluent
require that the solids loading rate shoald also be
considered.

The recommended overflow rates and solids
loading rates for secondary settling tanks of
activated sludge have been given in Table 12-1.

Sludge thickening is a special function of the
secondary szttling tank of an activated sludge
plant as thickened sludge is an advantage in
sludge recycling. Sludge thickening fis effected
by providing adequate tank depth as indicated
in Table 12-1.

13.4.6 Sludge Recycle

Control of the sludge recycle rate is the
mzthod of maintaining the desired MLSSand
F/M level in the acration tank which determine
the degree of purification. The rate of sludge re-
cycle can be formaulated in terms of an empirical
measurement known as sludge volume index (SVI).
The index is defined as volume occupled in ml by
one gm of solidsinthe mixed liquor after settling
for 30 mins and is determined oxperimentally.



“The rate of return sludge required to maintain a
desired MLSS concentration in the acration tank
is given by the expression :

Qr xt (1 3 7)
Q 100 D YN .
—_— = X
SVI

where Q,=return flow, mLd, and other nota-
tions are as before.

Return sludge ratios employed in different

activated sludge systems are shown in Table 13-1.
The return sludge has always to be pumped and the
pump capacities should be designed for a minimum
return sludge ratio of 0-50—0-7S for large plants
and 1-0—1-5 for smaller plants irreSpectR'e of
-theoretical requirements. The required capacity
should be provided in multiple units to permit
variation of retyrn sludge ratlo as found neces-
sary during operation.

13.4.7 Excess Sludge Wasting

The sludge generated in the aeration tank
has to be wasted to maintain a steady level of
MLSS in the system. The excess sludge quantity
will increase with increasing F/IM and decrease
with increasing temperature. In the case of
domestic sewage, the excess sludge to be wasted
will be about 0- 50—0-75 kg per kg BOD; removed
for the conventional system and its variations
operating with F/M values of 0-2—0-5 and
about 0-4—0.5 kg per kg BOD; removed in the
case of extended aeration plants having no
primary settling. The volume of sludge to be
wasted will depend on the suspended solids
concentration in the waste stream.

Excess sludge may be wasted either from
the sludge returnline or directly from the aeration
tank as mixed liquor. The latter procedure is
to be preferred as the concentration of suspended
solids will then be fairly steady in the waste
stream making control easy. The waste sludge
is either discharged into the primary settling
tank or thickened in a sludge thickening unit
and digested directly. Inextended aeration plants
the excess sludge is taken to sludge drying beds
directly and the sludge filtrate discharged into the
effluent stream.

13.5 DESIGN OF OXIDATION DITCH

The oxidationditchis one form of an extended
aeration system having certain special features
like an endless ditch for the aeration tank and
a rotor for the aeration mechanism. The ditch
consists of a long continuous channe! usually
oval in plan (Fig. 13-1(¢)). The channel may be
earthen with lined sloping sides and lined floor
orit may be bulltin concrete or brick with vertical
walls. The sewage s aerated by a surfacs rotor
placed across the channel. The rotor will not only
aerate the sewage but will also impart a velocity
of 0-3—0-4 mps to the mixed liquor preventing
.the biological sludge from settling out. The
areation rotors are generally of the cage type

but may also be of the angle iron type. Cage
rotors usually have a dia of 70 cm and a speed
of 75 rpm. The standard oxygen transfer capacity
is 2:8 kg O,ym length per hr at 16 cm depth
of immersion. This rotor has been found to
impart adequate clrculation for 120-150 m® of
ditch volume per metre length of rotor. Power
requirements per m length is about 1.35 kw at
the rpm and immersion depth stipulated. The
ditch volume s designed based on the criterfa
given for extended aeration systems in. Table
13-1. The width of ditch is designed to accom-
modate the length of aerator required to meet
the oxyfen demand elther as a single rotor or
as multiple rotors. The depth of ditch is kept as
1.0. to 1.2m and the length of the ditch fs de-
signed to give the required acration tank volume.

The raw sewage and return sludge are disch-
arged into the ditch upstream of the rotors.
The outlet of the ditch should be located geo-
metrica]ly opposite to the inlet. The outlet weir
should be baffled and should be of adequate
length so that the ditch water level does not rise
excessively and overload the rotors at perfods
of peak flow.

Oxidation ditches may be operated intermit-
tently or continuously. In intermittent operation,
the oxidation ditch functions also as a sett]ing
tank. Intermittent operation cycles are (i) closing
inlet and aerating the sewage, (i) stopping the
rotor and letting the contents settle, and . (iif)
letting in fresh sewage which displaces an equal
quantity of clarified cfluent. Sludge is wasted
from the mixed liquor or a sludge sump at the
bottom of the ditch. Intermittent operation is
adopted only in small plants. In coatinuous
operation, the oxidation ditch is followed by a
secondary settling unit as in any other extended
aeration system.

113.6 NITRIFICATION

Activated sludge plants are ordinarjly desig-
ned for the removal of only carbonaceous BOD.
However, there may be incidental nitrification
in the process. Nitrification will consume part of
the oxygen supplied to the system and reduce
the DO level in the aeration tank. Nitrification
will also lead to subsequent denitrification in
the secondary settling tank causing a risin
sludge problem also called blanket rising. Nitri-
fication is alded by low F/M and long aeration
time. It may be pronounced in extended aeration
plants especially in hot weather. At the other
extreme in the contact stabilisation process and
in the modificd aeration plant, there may be
little or no nitrification,

Nitrification though generally not desired
may be required i specific cases, e.g. when
ammonia has to be eliminated from the efluent in
the interest of pisciculturs or when nlitrification-
cum-denitrification is proposed for elimination
of nitrogenous matter from the effluent for cont-
rol of eutrophication. In such cases, the trend is
towards the design of two stage plants with only
carbonaceous BOD removal in the first stage
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and nitrification in the second stage. The first
stage unit is designed with high F/M to prevent
nitrification. The two stage process eliminates
the problem of denitrification and rising sludge
in the first stage settling tank.

13.7 OPERATION

The most importaat aspect in the operation
of an activated sludge plant is the maintenance
of proper F/M which is achieved by increasing
or decreasing the MLSS levels in the aeration
tank to suit the influent BOD; loads. The MLSS
in the aeration tank can be regulated by controll-
ing ths rate of sludge return based on SVI deter-
mined experimentally. Excess sludge wasting is
generally controlled based on exparience. In small
extended aeration plaats, sludge is often wasted
only intermittently when the sludge fills up the
settling tank and starts showing up in the effluent.

The quick settleability of sludge is an im-
portant factor in the efficient performance of
the activated sludge plant. The SVI serves also as
an index of sludge settleability. SVI values of
80-150 are considered satisfactory in plants
operating with MLSS of 800-3500 mg/l. Sludge
with poor settling characteristics is termed bulk-
ing sludge. Sludge bulking results in poor
effluent due to the presence of excessive suspen-
ded solids and also in rapid loss of MLSS from
aeration tank. Sludge bulking is generally due
to inadequate air supply, low pH or septicity and
also due to growth of filamentous organisms
consequent to the presence of industrial wastes
containing high concentration of carbohydrates
in sewage. Sludge bulking is controlled by eli-
minating the causes and by application of chlo-
rine elther to the sewage or to the return sludge
to control filamentous growths. Chlorine re-
quirements are 0-2 to 1-0 percent of dry solids
weight in return sludge.

Occasionally, the secondary settling tank
may fuaction poorly even whea the sludge
volume index is satisfactory and sludge may rise
up in the tank and escape with the efflucnt.
Rising sludge may bz due to denitrification in
the scttling tank releasing nitrogen bubbles
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which buoys up the sludge. The problem can
be overcome by Increasing the return sludge
rate increasing the speed of the sludge scraper
mechanism and increasing the sludge wasting
rate.

13.8 ROTATING BIOLOGICAL CONTACTOR

This is a comparatively simple system ope-
rating on the principle of moving media and
hence discussed here. These units can be adop-
tl%% f(())B small to medium populations less than

,000.

The rotating biological contactor also called
‘Biological djsc unit’ may be likened to a hori-
Zontal biofilter with rotating media. The unit
consists of a number of rotating discs which are
partially submerged in a semicircular tank receiv-
ing the raw sewage. Thediscs serve asanexcellent
support for the blological fitm which grows at
the expense of the organfc matter thus bringing
about the required stabilisation. The discs while
rotating alternately dip into the sewage and
aerated when exposed to the atmosphere.

The essential features of the unit are—

(a) a main shaft of sufficient rigidity on which
the circular discs are mounted. These
discs could be of asbestos cement sheets
or PVC sheets;

(b) a tank in which the discs fixed to the
rotating shaft are half submerged in
the sewage; and

(c) a driving mechanism consisting of a
motor and a reduction gear.

The detention periods range from 1 to 1.5
hours in the disc chamber and about one hour
in the settling basin. Diameter of discs vary from
1to 3m with clear spacing between discs of 2.5
cm, speed of rotation of discs 5 rpm and submer-
gence of discs of 509. The discs are made of
either AC or PVC.

Reductions of 90% in BOD and SS could
be expected. The energy consumption varies from
0.6 to 1.2 kw hr per kg. of BOD removed with a
loss of head of less than 2.5 c¢m through the
unit.



CHAPTER 14
TRICKLING FILTERS

The trickling filter consists of a permeable
bed of media through which the sewage or liquid
waste is allowed to percolate. The filter media
is of broken rock, gravel, blast furnace slag
or inert synthetic material. The filter is genzrally
circular and the sewage is evenly distributed on
the surface of the filter having underdrains for
collecting the treatsd effluent.

The trickling filter is always preceded by
primary sedimentation so that the settleable
solids in the sewage may not clog the filter. The
sedimentation tanks should have skimmers to
2amove the scum. The trickling filter is always
followed by a final settling tank to remove from
the filter cfiluent the settlcable organic solids
produced in the filtration process. It is advanta-
geous to provide skimming devices for the final
settling tanks also. The trickling filter serves
both to oxidise and bioflocculste the organic
material in scwage and their efficiency is assessed
on the total reduction in BOD effected through
the filter and the subsequent settling tank, since
the :flluent quality is reckoaed after the settlement
of the bioflocculated solids.

As szwage trickles through the filter media
a biological slime consisting of aerobic bacteria
and othar biota builds up around the media sur-
faces, normallyina period of two weeks, making
th: filter ready for operation. Organic material
in the sewage is absorbed on the biological slime
where ihey are partly degraded by the biota thus
increasing the weight and thickness of the slime.
Eventually there is a scouring of the slime and
a fresh slime layer begins to grow on the media.
This phenomenon of scouring of the slime is
called sloughing or unloading of the filter.

Filter sloughing aids ventilation by keeping
the flter media open. It aslo continuously renews
the biota, maintaining it active, which is essential
for the efficient functioning of the filter. The
degree of filter sloughing willdepznd onthe organic
loading which will control thz growth of the slime
and ihe hydraulic loading which will inflyence
Its scour.

Trickling Blters are used for the biological
treatment of domestic sewage and industrial
wastes which are amenable to aerobic biological
processes. They find use for complete treatment of
moderately streng wastes and as roughing filter
for very strong wastes pricr to activated sludge
units. Trickling filters possess a unique capacity
to handle shock loads and provide dependable
pe formance with a minimum of supervision.
They are particularly suited for plants of capa-
gities less than 5 mrd. C '

14.1 TYPES OF FILTERS

Trickling filters are classified as low rate
and high rate based on hydraulic and organic
loading rates. Althoogh there is no well demarca-
ted practice, the following ranges of loadings
are usual for low rate and high rate flters.

Hydraulic loa- Organic loading

ding in m3/d/ as BOD; in
ms g/d/m?®
Low rate filters . 1t04 80 to 320
High rate filters 10 to 30 500 to 1000
(including (excluding

recirculation) recirculation)

The hydraulic loading rate is the total flow
including recirculation applied on unit area of
the filter in a day, while the organic loading rate
is the 5-day 20°C BOD, excluding the BOD of the
recirculant, applied per unit volume in a_ day.
Much higher organic loadings than indicated
above have been used in roughing filters.

Recirculation is not generally adopted in low
rate filters. Media depths for low rate filters
range from 1.8 to 3m. They require larger media
volumes than high rate filters and are higher in
capital costs. Howzver, they are easy to operate
and give consistently good quality efjuent and
are przferred when plant capacities are small
as in the case for institations.

In contrast to the low rate filters, in high
rate filters a part of the settied or filtar efiluent
is recycled through the filter. Recirculation has
the advantage of bringing th: organic matter in
the waste in contact with the biological slime more
than once, thus increasing the efficisncy of the
filters. It enables higher hydraulic loading and
thereby reduces filter clogging and aids uniform
distribution of organic load over the filter surface.
It also helps to dampen the variations in the strzngth
and the flow of sewage applied on the filter. The
ratio of the recycled flow to the sewage flow is known
as the recirculation ratio. Recircylation ratios
usually range from 0.5to 3 and values exceeding
3 are considered to be unsconom icalin the case of
domestic sewage but ratios of 8 and above have
been used with industrial wastes. High rate filters,
may be single stage or two stage. Media depths
of 0.9102.5 mhave been used for high rate filters
with an optimum range of 1.5 to 2.0 m for the
first stageand 1 to 2 m for the second stage filters,
Single stage units consist of a primary settling
tank, the filter, sccondary settling tank and facilj-
ties for recirculation of the efluent. Settling before

recirculation is carried out either in the primary
or the secondary clarifier as shown in (a), (b)
and (c) of Fig. 14-A. Recent studies have shown



that for municipal sewage, direct racircalation
without settling is aseffective as recircylation of
settled effluent,

Two stage filters consist of two filters in
series with a primary settling tank, an interme-
diate settling tank which may be omitted in
certain cases and a final settling tank. Recircu-
lation facilities are provided for each stage. The
effluent from the first stage filter is applied on
the second stage filter either afier settlement or
without settlement. Some of the common flow
diagrams are shown in Fig. 14-B. In 14-B (a)
an intermediate clarifier is used for seitling the
first stageeffluent before it is applied to the second
stage filter and the recirculation is only throvgh
the settling tanks. In 14-B(b) the intermediate
settling is omitted but the recirculation flows are
settled. In 14-B(c), which is known as the
series-parallel system, part of the settled raw
sewage is applied directly to the second stage
filter increasing the efficiency of that stage. In
14-B(d), there is neither intermediate settling
nor settling of filter effluent prior to recirculation.

Two stage filtration will provide a higher
degree of treatment than the single stage for the
same total volume of media. Two-stage units
are used for strong sewage when the effluent
BOD has to be less than 30 mg/1.

14,2 PROCESS DESIGN

The important considerations in the design .

of trickling filters are the organic loading rate
and the recirculation ratio. Once the organic
loading rate is selected, the required filter volume
can be calculated. The depth and surface area
of the filter are then suitably chosen to secure
hydraulic loading rates within the prescribed

limits.

A number of equations are available for
the determination cf plant efficiencies ‘based on
the organic loading rates and recirculation ratios,
Of these, the equations developed by Rankin
and the National Research Council of USA
(NRC) are commonly used for the design of
trickling filters. :

14.2.1 Rankin’s Equations

Rankin developed a set of equations for
the performance of high rate filters of various
flow diagrams based on the requirements of the
Ten State Standards.

For Single Stage Filters, the Ten State
Standards states that the BOD of the influent
to the filter (recirculation included) shall not
exceed three times the BOD of the required
settled effluent, Rankin’s equation for single
stage high rate filters of flow diagram 14-A(a)
and 14-A(b) express the above relation ag

S
Sy+R;S;=3(1+RyS, or S¢=—*i'"‘—---(]4‘l)
3+2R,
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1+R,
1.5+R,

and E2 =

Where
Sy = BOD of settled filter effluent, mg/1;
S, = BOD of influent sewage after settling,
mg/1;
E, = recirculation ratio; and
E, = efficiency of the filter,

The equaticn is applicable only when the
organic Icading rate on the filter, (recirculation
included) is less than 1800 g/d/m3 and hydraulic
loading rate (recirculation includcd) is maintained
between 10 to 30 m3/d/m2

When the organic loading ranges betwcen
1800 to 2800 g/d/m3, the equation to be used is

S,
Sy = ———————rrren.(14.3)
2.78 + 1.78R,

For all loadings in excess of 2800 g/d/m3, the
BOD removal is assumed to be 1800 g/d/m3
only.

The above equations are also applicable to
14-A(c) and the first stage filters of 14-B(a).

In the flow diagram for 14-B (b) and 14-B(4d)
the effluent from the first stage filter is applied
to second stage filter without settling. For the
first stage plant effluent in this case,

S
S, = —— (14-4)
2 + R,
and 1 + Ry
E, = ————————  iael (14-5)
2 + Rl

the loading limitation being the same as for
equation 14-1.

In 14-B(c), the first stage efluent will
consist partly of settled sewage which does not
pass through the first stage filter, In this case,

1.5 + S,
Sy = .o e .(14-6)
2.5 Fr
where 1 is the assumed recirculation given by
QU—Q
Q

Q being the raw sewage flow to the plant and Qt
the total flow through the first stage filter,

The BOD loading on the filter is given by
the equation
La, = QS; + RyS).-(147)
where
La, = BODj loading in kg/day; and
Q = Sewage flow in mLd.
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FIGURE 14

FLOW DIAGRAMSOF HIGH RATE TRICKLING FILTER PLANTS
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The efficiency of removal of BOD for the
second stage filter is less than that of the first
stage because the amenability to treatment of
the applied BOD is affected by previous treatment.
Hence for the sccond stage filters, the Ten State
Standards stipulate that the BOD of the sewage
applied to the second stage filter {recirculation
included) shall not exceed two times the BOD

expected in the settled cffluent. Rankin’s
Equations for flow diagrams 14-B(a), (b) and (d)
are
S,
S4 + Rst=2(l +R2)Sc or SG= —— .. (14-8)
2+R,

1+R
and E; = —— (14.9)

24+R,
where

Sq = BOD of settled effluent from second

stage, mg/l;

= recirculation
stage filter; and
E, = cfficiency of second stage filter.

The equation for 14-B(c) has the form

R, ratio in the second

. (14°10)

because a part of the influent is fresh settled
sewage which allows for greater efficiency.

14.2.2 NRC Equations

The NRC equations for trlcklmg filier per-
formance arc empirical expressions developed
from a study of the operation results of trickling
filters serving military installations in U.S.A.
These cquations are applicable to both low rate
and high rate filters.

The efficiency of smgle stage or first stage
of two stage filters E, is given by

100
E, = — (14-11)
140.44 \/ W,
VlFl
For the second stage, the efficiency
100
Eg =
Wi(l—
14+0.44 \/-V Fz(l— 2)
= (14-12)
l+0.44 W,
(I#Ez) —vz_Fz
where

E, = percentage efficiency in BOD removal
of the single stage or first stage of the
two stage filter :
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= percentage efficiency of second stage
filter;

W, = BOD loading of settled raw sewag®
in the single stage or first stage o
the two stage filter in kg/day;

W, =W (1—E,) = BODloading on second
stage filter in kg/day;

Volume of first stage filter in m3;
Volume of second stage filter in m3;

recirculation factor or number of
effective passes for first stage filter

1 + R,
[1+(1—f) R,]?

recirculation ratio for the first stage
filter;

f = treatability factor (0.9 for sewage);
F, = recirculation factor or numbter of
effcctive passes for second stage filter=

1 + R,
(1 + (1-DR,P?

recirculation ratio for the second
stage filter

Ey

'TJM<<

-

; and

R,

14.2.3 Other Equations

14.2.3.1 Velz equation

While the earlier equations have been derived
on the basis of data analysis, velz equation
is based on a fundamental law relating the

BOD remaining at depth D as follows :
L
P —107% ..(14-13)
L
Where
L = Total removable BOD, mg/l
Lp = Removable BOD at depth D, mg/1
D = Filter depth, m;.and
K = a constant

Removable BOD in the equation is the maximum
fraction of applied BOD removed at a specified
hydraulic loading range. When recirculation
is practised the total applied BOD, La, after
dilution by recirculation, R, may be delermmed
as follows;

Li 4+ RL,
lae———— (14-19)
14+R - '
where
L; = Total influent BOD, not mcludmg
recirculation, mg/l;
L, = Total efiluent BOD, mg/I,

14.2.3.2 Eckenfelder equation

Eckenfelder improved onthe Velz equatjon
to include (i) the effect of changes in filter depth
on the BOD removal per unit of depth and (ii)



the hydraulic loading rate and suggested the
following equations ; .

L, 1
14 18.6 D 0,87

Q\ o5
)
. = influent BOD (includingrecirculation),
mg/1
L, = BOD of uunsettled filter effluent, mg/1
depth in m

flow in mLd and
area in hectares

.. (14--15)

I

D
Q
A =

14.2.3.3 Galler and Gotaas equation

Galler and Gotaas, based on a multiple
regression analysis of data from existing plants
and providing for the effects of recirculation,
hydraulic loading, filter depth and temperature
of the sewage, developed the following equation.

0.182 K(iL{ 4 rLe) 1.1

. = ...(14-16)
(1+R)o-78 (D+0_305)o.avao.25
9.731
Where K = ——m ————
i0.28 T 0.15
L, = Unsettled filter effluent BOD, mg/l
L, = filter influent BOD, mg/l
D = filter depth, m
i = influent flow, mLd
r = recirculation flow, mLd
a == filter radius, m
T = Sewage temperature, °C

Galler and Gotaas suggested thatrecirculation
improves the performance of the filter but esta-
blished that a ratio of 4:1 was the practical upper
limit for recirculation.

14.2.4 Applicability of the different equations

The NRC and Eckenfelder equations show
fairly close agreement for filter volumes when no
recirculationis adopted while the Galler and Gotaas
equation give volumes significantly different.
With recirculation there is good agreement in
filter volumes between the Eckenfelder and Galler
and Gotaas equations but the NRC equation gives
very conservative design volumes. In general
the NRC equations would seem to apply when
recirculation fs not considered, when seasonal
variations in temperature are not large and when
the sewage load is highly variable and of high
strength.

14.3 CONSTRUCTIONAL FEATURES
14.3.1 Shape of Filter

Filters may have rectangular or square shape
if fixed nozzles are used for flow distribution.
As the rotary distributors are more reliable and
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easy to maintainand operate current practice s to
adopt only circular filters.

14.3.2 Provision for Filter Flooding

Provision for flooding the filters is useful for
controlling filter fiies and ponding. To enable
floodiag, the filter walls must be designed for the
internal water pressure and the maln collecting
channel must be placed inside the filter and provid-
ed with gate valves. An overflow pipe leading
from the filter to the main collecting channeldown-
stream from the gate valve is also necessary.

Provision for filter flooding should always be
made In the case of small flters, especially the
low rate filters. Such a provision In large filters,
would not only increase the cost but also likely
to cause hydraulic problems with the sudden
discharge of large volumes of sewage when the
flooded filter is drained. Insuch cases alternate
methods may be required for controlling filter
flies and ponding (14-4).

14.3.3 Filter Walls

Filter walls may be reinforced concrete or
brickwork usually bullt above ground level. For
flooding operation reinforced concrete {s preferred.

14.3.4 Filter Floor

The filter floor s designed to support the
underdrainage system and the superimposed filter
media. Theusual practiceisto provide a nominally
reinforced cement concrete slab, 10-15 c¢m thick,
over a proper levelling course. The floor should
slope between 0- 5 to 59, towards the main collect-
iﬁng channel. The flatter slopes are used in larger

Iters.

14.3.5 Underdrainage System

The underdrainage system is intended to
collect the trickling sewage and sloughed solids
and to convey it to the maln collecting changel
and also to ventilate the filter media. The under-
drains cover the entire floor of the filter to form a
false bottom and consist of drains with semi-
circular or equivalent inverts. They will be formed
of precast vitrified clay or concrete blocks, com-
plete with perforated cover or they may be formed
insitu with concrete or brick and covered with
perforated precast concrete slabs.

The slope of the underdrains should be the
same as that of the floor. The drains shall be so
sized that the flow occupies less than 50% of the
cross-sectional area with velocities not less than
0-75 mps at peak instantaneous hydraulic loading.
The cover over the drains shall be perforated to
providea total area of inlet openings into the drains
not less than 159 of the surface area of the filter.
Underdrains may be open at both ends so that
they may be inspected easily and flushed out if
they become clogged.

14.3.6 Main Collecting Channel

The main collecting channel is provided to
carry away the flow from the underdrains and to
admit air to the filter, Ina circular filter, the main
channel may be located along a diameter, suitably
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curved around the central feed well or parallel to
the diameter with a slight offset from the centre.
Alternatively, the channe! may be provided along
the outer periphery of the filter. If inside the filter,
the channel shall be provided with perforated
covers to enable drainage and also ventilation of
the filter media above the channel. The channel
should be extended outside the filter, both at the
upper and lower ends with vented maaholes to
facilitate ventilation and access for cleaning

The channels shall have semicircular or other
rounded inverts. The velocity in the channels
shall not be less than 0-6 mps for the average in-
stantaneous hydraulic loading and the flow shall
be only half-depth particularly where recirculation
is low. At the peak instantancous hydraulic
loading, the water level in the channel should not
rise above the inverts of the underdrains at their
junctions with the channel.

14.3.7 Ventilation

Adequate natural ventilationcanbzensured by
proper design of the underdrains and effluent chan-
nels. For filters larger than 30 m dia, a peripheral
head channel on the inside of the filter with vertical
vents is desirable to improve veatilation. 1m% of
open grating in ventilating manholes and vent
stacks should be provided for 250 m® of filter area.
The vertical vents can also be used for flushing
the underdrains.

In extremely deep or heavily loaded filters
there may be some advantage in forced ventilation
if it is properly designed, installed and operated.
Such a design should provide for an air flow of
1m3/min/m? of filter area in either direction.

It may be necessary during periods of extrem-
ely low air temperature to restrict the flow of air
through the filter to keepit from freezing. However
aminimum of 0-1 m3/min/m? of filter area should
be provided.

14.3.8 Filter Media

The requirements for filter media are high
specific surface area, high percent void space,
resistance to abrasion or disintegration during
placement, insolubility in sewage or other waste
water and resistance to spalling and flaking.

The most commonly used filter media fs
broken stone (trap rock, granite or limestone),
slag or gravel of size 25 to 75 mm. The filtering
materiaf should be washed before it is placed in
position. The Brinnel Hardness number of the
material should be 12. Such media should be
round or cubicalinshapeand free of thin, elongated
and flat pieces. Notmore than 57, ofthe media
(by weight) should have the longest dimension
greater than 3 times the smallest dimeasion.

Stones less than 25 mm dia, do not provide
sufficient pore space between them to permit free
flow of sewage and sloughted solids and also leads
to plugging of media and ponding of filters,
Large size stones greater than 100 mm dia, over-
comes the plugging problem but due to relatively
smaller surface area per unit volume cannot
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support as large a microblal population as the
smaller size stones.

The size of the filer medla is of considerable
significance as the specific surface area decreases
with Increase In media size but the perceat vold
space increases as in Table 14.1. "

Table 14.1-
. Size mm  Specific % void
Media Surface space
area m?/m*
Granite . 25—75 62 46
Granite . . . 100 43 60
Blast furnace slag 30—-75 65 49
Plastic . . . . 100 95

The recent trend is towards the use of larger
media especially for high rate filters. The current
specification for stone media s that when mechani-
cally graded over vibratory screens :

1009 should pass through 110 mm square mesh
95—1009 should be retained on 75mm sq. mesh
0-29% alone should pass through 50mm sq. mesh
0-1% alone should pass through 25mm sq. mesh

(% given are by welght)

Medfa shall be placed and packed by hand for
at least a height of 30 cm above the underdralins to
avold damage to the underdrainage system. The
remainder of the materfal may be placed by means
of wheel barrows or boxes or by belt conveyors.
They should not be dumped or tipped from lorries.

14.3.8.1 Plastic media

The above criterila do not apply to plastic
synthetic media which have high specific surface
area, high void space and low weight. Synthetic
filter media have of late been used successfully in
superrate filters for the treatment of strong Indu-
strial wastes or sewage mixed with strong industrial
wastes having hydraulic loading rates in the range
of 30—90 m3/d/m?and organicloading rates of
1000 to 2000 g/d/m3. The media counsists of
interlocking sheets of plastics which are arranged
ina honeycomb fashion to produce a porous and
nonclog filter media. The sheets are corrugated
so that a strong, lightweight media is obtained.
Filters as deep as 10 m have been used with this
type of synthetic media.

14.3.9 Filter Dosing

In the case of low rate filters, the minlmum
flow rate of sewage inflow may not be sufficient to
rotate the distributor and dlscharge sewage from
all nozzles. Hence,whcnadequate headis available
dosing tank s provided to collect the settled sewage
and dose the filter through a siphon intermit-
tently. When head is inadequate, a collection well
is providad to store the sewage and a suction level
controlled pump, intermittently pumps the sewage



to the filter. The design siphons are designed to
dose the filters once in about 5 minutes under
average flow conditions. In the casz of high rate
filters, there Is no need for the special dosing device
since continuous dosing s possible.

14.3.10 Flow Distribution

Fixed nozzle distribators are no longer used
because of the elaborate piping requirement and
the necessity of dosing tanks, siphons or motor
operated valves to obtain variable dosing rates.
Among the moving types, the longitudinally
travelling distributors are not used in the country
because of the long resting period assoclated with
their time of travel from one end of the bed to the
other and the need for a reversing gear at each ead
of the bed to change the direction of motion.

The present practice is to use only reaction
type rotary distributors. Rotary distributors are
commercially available in the country upto 60 m
dia. The piping to the distributor Is generally
taken below the filter floorand inrare case through
the filter media just above the underdrains. The
pipe should be designed for a peak velocity of not
ﬁreater than 2-0 mps and an average velocity not
ess than 1 mps.

The reaction type rotary distributor consists of
a feed column at the centre of the filter,a turntable
assembly at the top and two or more hollow radial
distributor arms with orifices. The tarntable should
be provided with antitilt devices and also arrange-
ments for correcting the alignment to obtain
balanced rotation. The turntable assembly Is
provided with a mercury or mechanical water seal
at its base. The current trend is to discourage
mercury seals because of the chances of causing
mercury pollution. Facilities should be available
for draining the central column of the flow distri-
butor for attending to repalrs and maintenance.

The distributor arms are generally two in
number, multiples of two also being adopted.
When multiple arms are provided, low flows are
distributed through two arms only and as flow
increases, ft is distributed by the additional arms.
This is achieved by overflows from weirs, incorpo-
rated in the centralcolumn diverting the higher
flows into the additional arms. The peak velocitics
in the distributor arms should not exceed 1-2 mps.
The distributor arms are generally fabricated of
steel and are liable to rapid corrosion. They should
be fabricated and bolted together in such lengths
as to facilitate dismantling for periodic repainting
of their inside surfaces. The orifices in the distribu-
tor arms should be composed with aluminium
orifice plates. Spreader plates, preferably of
aluminium, should be provided below the orifices
to spread out the discharge. The clearance between
the distributor pipe and the top of the filter media
should be greater than 15 cm.

Distributor arms should have gates at the end
for flushing them. Atleast one end plate should
‘have arrangement for a jet impinging on the side-
wall to flush out fly larvae. The distributor arms
may be of constant cross section for small units
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but inlarger units, they are tapered from the centre
towards the end to maintain the minimum velocity
required in the arms.

The distribution arrangements should ensure
uniform distribution of the sewage over the filter
surface for which the size and spacing of the
orifices in the distributor arms have to be varied
carefully from the centre towards the end. Under
average flow conditions, the rate of dosing per
unit area at any one point in a filter should be
within +109 of the calculated average dosing
rate per unit area for the whole filter, The distri-
butors should also ensure that the entire surface of
the filter is wetted and no area is left dry.

Reaction type rotary distributors require
adequate hydraulic head for operation. The head
required is generally 1 to 1: 5 m measured from the
centre line of distribution arms to the low water
levelin the distribution well or in the siphondosing
tank preceding the filter. When hydraulic head is
inadequate to provide the reaction drive, the rotary
distributor may be driven by an electric motor.
The speed of rotation of the distributors shall
epsure that the intervals of successive dosings
is between 15 and 20 seconds.

14.3.11 Multiple Units

In a single stage plant, it is advisable to split
the required filter volume into two or more units so
that when one filter is taken out of operation for
maintenance or repairs, the entire sewage can be
passed through the remaining units, overloading
them temporarily.

In a two stage plant, if multiple gnits are
proposed {n each stage, the eatire sewage may be
routed through ths remaining units of the stage
when one filtcr in that stage is taken out of opera-
tion. However, the recirculation flow is maintained
at the original level, operating the stage ata lower
recircalation ratio. If, instead, only one filter is
proposed for eachstage a bypass should be provided
for each stage. It is customary in the design of
two stage filters to use two filters of equal size,

14.3.12 Plant Hydraulics

The feed pipe to the filter, the distributor, the
underdrains and the main collection channel
should be designed for the psak instantaneous hydr-
aulic loading on the filter, In low rate filters, the
peak loading will be the peak discharging capacity
of the dosing siphon or the dosing pump. In the
case of high rate filters, the peak loading on the
filters will be the sum of the peak rate of sewage
flow and the constant recirculation rate.

When maltiple units are used for the high rate
filters in any stage, the hydraulics of the plant
should be checked for peak loading with one filter
out of operation, the entire flow routed through
the remaining units. A reduced recirculation ratio
is adopted. for this condition so as to reduce the
peak loading and avoid oversizing of the piping.

When multiple units are used care should be
taken to ensure that the flow is divided properly-
between the various filters. -

-
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4.3.13 Pumping Arrangements

In a high rate filter, pumping is required for
recirculation. Pumping may also be required for
lifting the filter effluent to the settling tank or the
next stage filter.

Exceptin the case of small plants, recirculation
pumps should be installed in multiple units so that
the recirculation rate can be changed as found
necessary.

Pumps for lifting the flow-through sewage
should have adequate capacity to pump the peak
flows through the plant. The pumps should be
installed in multiple units to take care of diurnal
variations in flow which will approximately be the
same as the sewage inflow to the plant. It will
further be necessary to provide storage in the
suction well equal to about 10 min of discharge
capacity of the lowest duty pump. Float control
arrangements are desirable in the suction well for
controlling the number of pumps in operction.

In all these cases, at least one pump should be
provided extra as a standby. Also, in the case of
recircylation pumps, low measuring and recording
devices are desirable on the discharge line so that a
record can be kept of the recircylation ratio actu-
ally employed in the plant.

14.4 OPERATIONAL PROBLEMS

Ponding or clogging of the filter media is one
of the important operational problems in trickling
filters. Ponding decreases filter ventilation, reduces
the effective volume of the filter and lessens filter
efficiency. Ponding or clogging is due to excessive
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organic Joading, inadequate hydraulic loading
and inadequate size of media. Remedies consist of
raking or forking the filter surface, washing the
filter by applying a high pressure stream of water
at the surface, stopping the distributor to allow
continuous heavy point by point dosing or chlorina-
ting the influent with a dose not exceeding$ kg/
100m? of filter area.

Filter flies pose another serious operational
problem in trickling filters. The problem is more
intense in the case of low rate filters. In high rate
filters fly breeding occurs mainly on the inside
walls of the filter. The problem can be reduced by
(a) removing excessive biological growth by the
previonsly discussed methods, (b) flooding the
filter for 24 hours at weekly or biweekly intervals,
(c) jetting down the inside walls of the filter with a
high pressure hose, (d) chlorinating the influent
(0-5 to 1-0 mg/1) for several hours at one to two
week intervals and (e) applying insecticides.
The insecticide should be applicd to the filter side
walls and surface at intervals of 4—6 weeks.
Development of resistant strains should be guarded
against.

Filter odours also present a problem in trick-
ling filter operation. Odours are most serious when
treating septic effluents in low rate filters. Odours
can be controlled by providing recirculation and
maintaining a well ventilated hlter.

In conditions of extreme cold weather, fce
cover may form on the surface of the bed. Reduc-
tion of the recirculation flow, adjustment of
nozzles or construction of wind breakers are
methods used to reduce icing problems.



CHAPTER 15
STABILIZATION PONDS

Stabilization ponds are open, flow-through
earthen basins specifically designed and construct-
ed to treat sewage and blodegradable industrial
wastes. Stabilization ponds provide compa-
ratively long detention periods extending from a
few to several days when the Yutresciblc organfc
matter in the waste gets stabilized by the action
of natural forces.

15-1 CLASSIFICATION

Stabilization ponds are classified as aerobic,
anaeroblc or facultative depending upon the
mechanism of waste purlfication. The aeroblc
pond functions aerobically throughout its depth
with all the oxygen needs being met by algal
photosynthesis. The pond s kept shallow, with
depths less than 0- 5 m and the contents are stirred
accasionally to prevent anaerobic conditions in
the settled sludge. In the anaerobic pond, the
purification results mainly from methane fer-
mentation owing to the large depths employed.
The process fs somewhat attended by septic
odours and the effluent will be only partially
purified. Pond depths usually range from 2-5
to 4 m. This type of pond finds use malnly in
the treatment of strong industrial wastes and has
limited application for the treatment of sewage.
The facultative pond functions aerobically at the
" surface while anaerobic condlitions prevall at the
bottom. The aeroblc layer acts as a good check
against odour evolution from the pond. The
treatment effected by this tyi)e of pond is compar-
able to that of conventional secondary treatment
processes. The facultative pond fs hence best
suited and most commonly used for treatment
of sewage.

The discusslon in this chapter s, therefore,
confined to facyltative ponds. Aerated lagoons are
also dfscussed fn this chapter asa modification of
the system employing mechanical acration devices.

152 MECHANISM OF PURIFICATION

In a facultative pond, the influent organic
matter is stabilized partly by methane fermentation
in the bottom layers and partly by bacterial
oxidation in the top layers. When the sewage
enters the pond, the suspended organic matter
intheinfluent as well as the bloflocculated colloidal
organic matter settle to the bottom of the pond.
In the absence of dissolved oxygen at the pond
bottom, the settled sludge undergoes anaerobic
fermentation with the liberation of methane which
represents a BOD removal from the system
0-25 gramme of methane being liberated for
every gramme of yltimate BOD stabilized. In
the liguid layers of the pond, algae begins to
grow under favourable conditions. The algae
utilizes the carbon dioxide ip the sewage for

photo synthesis during day light hours, liberating
oxygen which maintafns aeroblc conditions in
the upper layers of the pond. The acrobic
conditfons promotc the oxidation of organic
waste matter by the aerobic bacteria. Thus
it {s seen that there is an interdependence between
algae and bacteria with the algae supplying oxygen
required by the bacterfa and the bacteria making
available the carbon dioxide required by the
algae.  This Interrelationship is  referred
to as algae-bacteria symblosts.

15-2'1 Diarnal Variation

Both the dissolved oxygen and the pH of
the pond are subject to diurnal variation due to
photosynthetic activity of algae which is related
to incldent solar radfation. A high dissolved
oxygen concentration upto about 4 times the
saturation value may be observed in the afternoon
hours. Simultaneously, the pH value may reach
a maximum of 9-0 or more due to the conversion
of carbon dioxide to oxygen. Towards the evening
or in the night, when photosynthetic activity
decreases or stops, there is a gradual decrease in
both dissolved oxygen and pH. In properly
designed ponds, the dissolved oxygen does not
completely disappear from the top layers and the
pH does not fall below the influent pH.

15:2:2 Odour Control

In a facultative pond, the nuisance associated
with anaerobic reactions is eliminated due to the
presence of oxygen in the top layers. The foul
smelling end products of anaerobic degradation
which permeate to the top layers are oxidised inan
aerobic environment. Furthermore, due to a
hi;rwh pH in top layers, compounds such as organic
aclds and hydrogen sulphide, which would other-
wise volatilise from the surface of the pond and
cause odour problems, are jonised and held back
in solution.

15:2:3 Algae

In stabilization ponds, the significant algae
are green algae which include Chlorella, Scene-
desmus, Hydrodictyon Chlamydomonas angd
Ankistrodesmus and blyegreen algae which include
Oscillatoria,  Spirulina,  Merismopedia  and
Anacystls. Chlorella, Scendesmus and Hydro-
dictyon possess relatively high oxygen donation
capacity per unft wefght. However, it s pnot
practical to promote the growth of any particylar
type of algae in a pond which will depend on
such factors as temperature, characteristics of
the waste and intensity of sunlight. Concentration
of algae in a stabilization pond is quite high and
glves the pond efluent a typical dark green colour.
Floating_blue-greén algal mats may develop in
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ponds during summet months. They are undesir-
able since they lead to insect breeding and cut
out sunlight.

153 DESIGN CONSIDERATIONS

15:3-1 Secrface Area

The amount of oxygen that can be produced
by photosynthesis and the BOD that can be satis-
fied per unit area of a facultative pond depends
mainly on the quantum of sunlight falling on the
pond surface which in turn depends on the latitude
of the pond site, its elevation above MSL, time
of the year and the sky clearance.

Recommended BOD loadings (IS : 5611)
for different latitudes are given in Table 15-1.

Table 15.1
Permissible area BOD loading at Different latitudes

Latitude Areal BOD,, Loading
°N kg/hasd
36 150
32 175
28 200
24 T 225
20 250
16 275
12 300
8 325

The recommended BOD loadings are for
municipal sewage and are incluslve of the BOD
of the settleable solids in the wastes. The values
are applicable to towns at sea levels and where
the sky s clear for nearly 75% of the days
in a year.

The values may be modified for elevations
above sea level by dividing by a factor, (14-0-003)
El, where El isthe elevation of the pond site
above MSL in hundred metres. A further correc-
tion in the pond volume has to be made when
the sky is clear for less than 75%, of the davs at
the rate of 3%, for a fall of every 10%,.

At the recommended BOD loadings, sufficient
photosynthetic oxygen will be produced to stabilise
about 909, of the influent BOD. Also, aerobic
conditions will be malntained in the top layers
of the pond at most of the time and there will
generally be no evolution of septic odours from
the pond. ’

When the ponds are intended to serve small
communities such as institutions or when they
are to be located close to residences, it will be
prudent to adopt lesssr BOD loadings than
recommended in Table 15-1 so as to fully ensure
the absence of septic odours.

In any system, the individual pond area
should not exceed 40 ha. However, it is desirable
to have more than one pond in any system re-
quiring 0-5 ba or more pond area.
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15:3-2 Detention Period
The detention period of a pond should be
adequate for the bacteria to stabllise the BOD
to the desired degree. The removal of the BOD
in the pond follows a unimolecular pattern
Y=L (1—10-2..9
1 L

. (log
P; L—Y

or t=

where
Y= BOD removed;
L= Inflyent BOD;

P,=BOD removal rate constant for the
pond; and
t= detention period in days.

The rate coeflicient at 20°C (Pyq) is found to
be approximately 0-1 per day.

The removal rate constant at other tempera-
tures may be determined by the formula.
Pp==Py, (1-047T-%), .. ....... ceesacans (15—2)

15.3.3 Depth

Having determined the surface area and
detention capacity or volume of a pond, it be-
comes necessary to consider the depth of the
pond only in regard to its limiting values. Shallow
depths in facultative ponds will allow growth of
aciuatic weeds in the ponds while excessive depths
will cause the entire pond conteuts to turn anae-
robic. The optimum range of depth for facuita-
tive ponds is 1:0—1+5 m. When depth deter-
mined from area and detention period works
out lesser than 1-0 m, the depth should be in-
creased to 1+0 m, keeping sarface area unchanged.
When the depth works out to be greaterthanl:5 m,
the depth should be restricted to 15 m and surface
area increased to glve the required detention
period.

15.3.4 Sludge Accumulation

The rate of sludge accumulation in facultative
ponds depends primarily on the suspended solids
concentration in the influent wastes. The re-
ported rate of sludge accumulation in ponds
treating municipal sewage ranges from 0-05
to 0-10 m3/capitafyear. A value of 0-07 m?¥/
capitajyear forms a reasonable assumf)tion in
design. In multiple cell ponds operated in zones,
most of the sludge accumulation will be in the
primary cells.

Continged sludge accumulation in ponds
over many years will cause (i) sludge carryover
into the effluent, (i1) development of aquatic weeds
on sludge banks, and (iil) reduction in pond
efficiency due to reduction in the detention perlod.
Facyltative  ponds therefore require periodical
desludging at intervals ranging from 6 to 12 years.

154 CONSTRUCTION DETAILS

15.4.1 Site selection

Facultative pond sites should be located
as far away as practicable (at least 200 m) from
habitations or from any area likely to be built up
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within a reasonable future perfod. If practicable
the pond should be loacted such that the direction
of prevailing wind is towards uninhabited areas.
The pond location should be downhill of ground
water supply source to avoid their chemical or
bacterial pollution. Special attention is required
in this regard in porous soils and ip fissured rock
formations.

The pond site should not be liable to flooding.
The elevation of the site should permit the pond
to discharge the effluent by gravityat MWL. The
site should preferably allow an unobstructed
sweep of wind across the pond, open to the sun
and not shaded by trees. Advantage should be
taken of natural depressions while locating the
ponds.

15.4.2 Pretreatment

It is desirable to provide mediumn screens and
grit removal devices before facultative ponds.

15.4.3 Construction in Stages

In cases where the design flow will materialise
only in the course of time, it is important to
design facultative ponds in multiple cells and
construct the cells in stages. Otherwise, the
small flows {a the initial years may not be able
to maintain satisfactory water levels in the ponds
and objectionable weed growths and mosquito
breeding may develop in the installations.

15.4.4 Multiple Units

Multiple cells are recommended for all ex-
ceft small installations (0-:5 ha or less). Multiple
cells in parallel facilitate maintenance as any
one unit can be taken out of operation tem-
porarily for desludging or repairs without upsetting
the entire treatment process. The parallel system
also provides better distribution of settled solids.

Multiple cells in serfes enable better coliform
removal and reduced algal concentration in
the effluent. The series system impliesa high
BOD loading in the primary cells and to avoid
anaerobic conditions in these cells they should
have 65-709%, of the total surface area require-
- ments,

A parallel-series system possesses theadvanta-
ges of both parallel and series operations. A con-
.venlent arrangement for this system consists of
three cells of equal area, of which two are in
parallel and serve as primary ponds and the third
serves as secondary pond In serfes.

15.4.5 Pond Shape

The shape should be such that there are no
narrow or elongated portions. Round, square
or rectangular ponds with length not exceeding
three times the width are acceptable. Maximum
basin length of 750 m is generally adopted. The
corners should always be rounded to minimise
accumulations of floating matter and to avold
dead pockets, :

15.4.6 Balanced Cutting

Ponds are usually constructed partly in ex-
cavation and partly in embankment. The volume
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of cuttingand the volume of embankment should’

be balanced to the maximum extent possible in
order to economise construction costs.

15.4.7 Embankment

Embankment materials wsually consist of
material excavated from the pond site. The
material should be fairly impervious and frée of
vegetation and debris. The embankment should
be compacted sufficiently. The top width of
the embankment should be atleast 1-5 m in small
ponds and 30 m in large ponds (length of em-
bankment exceeding 1:0 km) with a jeep track
formed on top to facilitate inspection.

The free board should be at least 0:5 m in
¥onds less than 0-5 ha in area. In larger instal-
ations, the free board should be designed for
th% probable wave heights and should be at least
10 m.

'Embankment slopes should be designed based
on the nature of soll, height of embankment and
protection proposed against erosion. Outer slopes
are generally 2:0—2-5 horizontal to vertical.
Inner slopesare made 1:0—1-5 when the face is
fully pitched and flatter, 2:0—3-0, when the
face is unprotected. Inmer slopes should not
exceed 4 as flatter slopes create shallow areas
conducive to the growth of aquatic weeds.

The outer faces of the embankments should
be protected against erosion by turfing. The
inner faces should preferably be completely
pltched to eliminate problems of erosion and
growth of marglinal vegetation. Pitching may be
by rough stone revetment or with plain concrete
slabs or flat stones with adequate gravel packing.
When complete pitching is not possible, at least
Fartial pitching from a height 0-3 m above water
ine to 0:3 m below water line is necessary and’
the face above the line of pitching should be
turfed to the top of embankment.

15.4.8 Pond Bottom

The pond bottom should be level, with finished
elevations not more than 0-10 m from the average
elevation. The bottom should be cleared of all
vegetation and debris. The soll formation of
the bottom should be relatively tight to avoid
excessive liquid losses due to seepage. Where
the soll is loose, it should be well compacted.
Gravel and fractured rock areas must be avolded:

15.4.9 Influent Lines

When the sewage Is to be pumped into the
pond, the pumping main may be laid along the bot-
tom of the pondto discharge through an upward
inclined 90° bend. In gravity flows, the outfall
sewer should terminate at a manhole located as
close to the pond as practicable. The invert of
the manhole should :be atleast 0-2 m above the
MWL of the pond. From the terminal manhole,
the influent piping may be carried into the pond
grade, supported on masonry pillars. A tee or
b=nd should be provided to discharge the wastes
at about 0-30 m depth below the liquid surfaceé
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- A concrete apron of adequate size should be
Frovided below the discharge end of the influent
ine to prevent erosion of the pond bottom.
The influent line itself should be provided with
firm supports which will not yield after the pond
bottom becomes saturated and cause the influent
pipeline to break.

The influent pipeline should extend into the
pond atleast 15—20 m from the water edge.
Multiple inlets will distribute the settleable solfds
in the wastes over a wide area and reduce the
problem of septicity around the inlets and are
desirable except in small ponds.

15.4.10 Pond Outlets

Multiple outlets are desirable except in small
ponds and may be provided at the same rate as
for inlets, one for every 0-5 ha pond area. The
outlets should be so located with reference to the
inlets as to avoid short circyiting. The outlet
structures may consist either of pipes projecting
into the ponds or weir boxes. ~ In the former
case vertical tees and in the latter case hanging
baffles submerged to a depth of 0-25 m below
the water surface should be provided to ensure
that floating algal scum is not drawn along with
the effluent.

When the outlet structure Is a weir box, it is
desirable to provide adjustable weir plates so
that the operating depth in the pond can be
altered if requfred.

15.4.11 Pond Interconnections

Pond interconnections are required when
ponds are designed in multiple cells in serfes.
These interconnections should be such that the
efluent from one cell withdrawn from the aerobic
Zone can be Introduced at the bottom of the
next cell. Simple interconnections may be formed
by pipes laid through the separating embankments.
At thefr upstream ends, the interconnecting pipes
should be submerged about 0:25 m below the
water level. The downstream ends may be
provided with a bend, facing downward, to avoid
short circuiting by thermal stratification, care
being taken to prevent erosion of the embankment
or the pond bottom. Where the pond effluent
is to be used for farming and involves pumping,
the outlet pipe should be led to a sump of adequate
capacity (30 minutes at the rate of pumping).

15.4.12 Other Aspects

Provision should be made for flow measure-
ment both at inlet and outlet of the ponds. Whe-
rever practicable, facilities should be avail-
able to drain out the pond completely by gravity
through a sluice arrangement. The pond site
should be fenced to prevent entry of cattle and
discourage trespassing. Public warning boards
should also be put up near the ponds clearly
indicating that the pond is a sewage treatment
facllity.

15.5 OPERATION AND MAINTENANCE

In commissioning a pond, the sewage should
be allowed to fill the pond gradually to a depth

of about 30 cm and this level maintained by ad-
mitting periodically, a small quantity of raw
sewage. Algalgrowth will establish itself natu-

‘rally, without requiring any artificial seeding.

After the first algal bloom has established itself
which may take a week or two, further raw sew-
age is admitted gradually at a rate not exceeding
the design rate until the entire pond is filled up.
The pond is then allowed to rest for two to three
days to ensure that the algal growth has fully
established. The pond at this stage is ready for
continuous inflow of sewage.

Once the pond is in normal operation, the
effluent and influent pipings should be inspected
daily to check that they are not blocked. The
pond embankments should be inspected periodi-
cally to examine whether there is any damage to
them by burrowing animals. '

It is very important to ensure that weeds
and grass do not grow from the bank into the
water. The environment in a facultative pond
fs not conducive to mosquito breeding; but, if
there Is vegetation at the water line, sheltered
pockets will harbour mosquito larvae and a
serlous health and nulsance problem may arise.
Where the inside slopes of the embankments are
fully lined, there will be no growth of marginal
vegetation and little attention will be required
for its control. '

In summer months, blue green algae may grow
vigorously in the ponds giving rise to floating
mats of algae. The algae inthe mats may then die
and give rise to odours. The algal mats may also
attract flies. The growth of algal mats should
therefore be controlled by frequent removal in
the case of small ponds and by breaking up the
mat from a boat and allowing them to sink in the
case of large ponds.

Facultative ponds require desludging at long
intervals when sludge has accumulated to an ex-
tent affecting pond performance. Desludging
may be done byemptying the pond upto the top
level of the sludge and allowing the sludge to dry
out in the sun. The dried sludge can be removed
and sold as fertiliser. Adequate thought should
be given even at the time of design and construc-
tion of the pondsto the method of desludging that
will be adopted. In multicell serial ponds, deslud-
ging may be required only in the first pong.

15.6 PERFORMANCE

The high concentrations of algae inthe pond
effluent will exert high BOD inthe stan'dard labo-
ratory BOD test involving darkroom incubation
and will also give high SS values. The BOD;
and SS values may each be in the range of 50-100
mg/l. However, the effluent will not cause nui-
sance whendisposed of onland or discharged into
receiving waters because the algal cells do not rea-
dily decompose or exert oxygen demand under
natural conditions. In fact, the algae inCreases
the oxygen levels in the recelving waters by con-

tinued photosynthesis.
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Because of the above reasons, the standard
BOD and SS tests are not considered useful for
evaluating the quality of facultative pond effuents,
The qualityis usually assessed based onthe BODy
of the filtered effluent, the assumption being that
the suspended solids in the effluent is all algae.
The filtration procedure adopted for the testis
the same as for the suspended solids test.

Well designed facultative ponds give about
80—90%, BOD reduction based on the filtered
BOD; of the effluent. :

Facultative ponds also effect high bacterial
reduction, the efficiency being particularly high in
multicell ponds operated ‘in series’, Coliform and
faecal streptococci, removals are as high as
99.99% . Intestinal pathogens belonging to Sul-
monella and Shigella groups are reported to be
completely eliminated in stabilisation ponds.
Cysts of Entamoeba histolytica and helminthic
larvae are also eliminated.

{5.7 APPLICATIONS

The facultative pond is simple and cheap to
construct. It does not require skilled operation
and is easy to maintain. Properly designed, the
pond also gives consistently good performance.
The facultative pond has therefore become very
popular for municipal and institutional scwage
treatment. The method is suited wherever land is
cheap and readily available and may be used for
treating sewage either for dischargeinto streams
ot lakes or for use onland. The methodis particu-
larly useful for interim sewage treatment when
due to lack of funds or due to meagre flow in the
initial stages, it is considered inexpedient to con-
struct initially the conventional treatment plant
envisaged ultimately.

The facultative pond is alsp suited for the
treatment of industrial wastes which are bio-

degradable provided the wastes are not coloured
and do not contain substances toxic to algae.

15.8 AERATED LAGOONS

In contrastto waste stabilization ponds where
oxygen required for stabilizing the organic matter
is furnished by algae, the oxygenation is provided
in aerated lagoons by mechanical surface aerators
installed on floats or rafts or on fixed platforms.
In the aerated lagoon, the depth varies from 2.5
to 4 m, and the land requirements are much less
because of the greater depths and smaller deten-
tion times needed for the stabilisation of organic
matter. The lagoons can be operated either at a
low rate of aeration not adequate to keep all the
solids in suspension but enough to keep the top
layers aerobic orto keep all solids in suspension
by a greater amount of aeration. In the former
called the facultative lagoon, the sewage solids
tend to settle down and anaerobic bottom is es-
tablished whereas inthe latter called aerobic-flow-
through type, the entire pond is aerpbic.

Inthefacultativetype, SS concentration varies
from 30 to 150 mg/1 with detentjon times ranging
from 3 to 5days. Oxygenation requirements are
about 0.8 kg per kg of BOD, removed and the
power requirements vary from 0.8 to 1.0 kw per
1000 m8. The BOD removals are of the order of
75 to 909, but there is need for removal of accu-
mulated sludge after some years.

Inthe aerobic-flow throughtypes, SS concen-
tration may be anywhere between 60and 300
mg/l withdetentiontimes of 2 to 10 days. Oxyge-
nationrequirements are of the order 0f0.7to 1,3
kg per kg of BOD removed and the power require-
ments vary from 0.75 to 2.25 kw per 1000 m3, The
BOD remgovals are only of the order of 75 to
85%, since the sludge solids are not allowed to
accumulate and are carried along with the effluent,

Y
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CHAPTER 16
SLUDGE DIGESTION

The principal objective of siudge digestion is
to subject the organic matter present in the set-
tled sludge of the primary and final sedimentation
tanks to anaerobic or aerobic decomposition so
as to make it innocuous and amenable to de-
watering on sand beds or mechanical filters - be-
fore final disposal on land, lagoon or sea. Regard-
less of the processes used, sludge digestion brings
about a reduction in its volume, While anaerobic
digestion of sludge produces gas which can be
utilised wherever feasible, aerobic digestion ‘does
not produce any utilisable byproduct other than
well stabilized sludge.

16.1 ANAEROBIC DIGESTION

Anaerobic digestion isthe biological decom-
position of organic matter In the absence of oxy-
gen. When an organic sludge undergoes, decom-
position anaerobically, the organic solids are
hydrolysed, liquefied and gassified and as a result,
a well mineralised sludge is obtained. Not all the
organic matter in sewage sludge is stabilized under
this condition, since some of the constituents
are so complex that they resist biological decom-
position. The objective of sludge digestion is
therefore, to stabilize only the biodegradable
matter that resist dewatering either on sand beds
or in mechanical filters. -

There are primarily two sets of reactions in
anaeroblc digestion, the first being known as acid
fermentation and the second as methane fermen-
tation. In the first set of reactions, the organic
matter is hydrolysed and liquefied resulting in the
production of acetic, propionic, butyric and other
volatile acids. In the second set of reactions, the
volatile acids produced by the first group of or-
ganisms are utilised by the second group of me-
thane fermenters with theformation of methaneg
and carbon dioxide. For proper functioning of the
process, it is necessarythat a good balance between
the two reactions is maintained so that there is no
accumulation of excess volatile acids,normal ope-

rating values, being 200 to 400 mg/1 with a maxi-
mum of 2000 mg/l. This sequence of reactions
brings about a reduction of the volatile solids
present in the sludge thereby permitting easy
dewatering on a 'sand bed or a vacuum filter.

16.2 DIGESTER CAPACITY

Based onthe information available on charac-
teristics of sewage of some of the principal cities
in the country, the average per capita suspended
solidscanbe taken to be 90 gm/day, of which 60%
settles as sludge with volatile solidsin the sludge
seldom exceeding 70%,. The capacity of digesters
depends on ;

" (1) daily volume and moisture content of
" input sludge and digested sludge;

. (ii) temberature of digestion;

*(iii) desired degrce of destruction of volatile
“solids; and

(iv) storage capacity for digested sludge.

16.2.1 Veolume of Sludge

The volume of daily sludge varies depending
upon the degree of removal of suspended solids
in primary and final settling tanks, moisture con-
tent and specific gravity of the sludge. In the case
of studge continuously desludged from primary
sedimentationtanks, solids do not generally exce-
ed 4 to 5% while in secondary tanks, they range
between 0.5 and 1. Whenthe secondary sludge
is combined with the primary sludge the solids in
the mixed sludge range between 2.5 to 5%. The
solids content of digested sludge is usuallyin the
range of 6 to 13% when reduction in bulk takes
place due to separation of supernatant.

Typical figures of solids in sludges are given
in Table 16.1.:—

Table 16.1

Sollds in sludges by varlous treatment processes

(Per capita per day)

Treatment Process Total (gms)  volatile Non volatile Sp.grofdry % Solid
\gms) or fixed solids in wet
solids sludge
T ¢)) o) 3) @) (5) (6)
Total 8 S in Sewage . . . . . . 90 63 27 1-22
Settleable solids (6070 . . e e e 54 38 16 122
Non-Settleable solids (4077 . . . . . 36 25 11 1-22

—

101


http://Sp.gr

102
(N 2) 3 4) &) (6)
I Primary Sedimentation & Digestion
1. Solids removed as fresh sludge . . . 54 38 16 1:22 4to 5%
2. Solids digested* . . . . . .. —25 +6
3. Solids remaining in Pr. digested sludge . 35 13 22 1-60 10to 13%
I1. Activated Sludge Process .
.Non settleable solids affected . . . . 36 25 11 1-22 .
"Solids digested during activation (10%) . . .. —2-5 +0-5
Solids to be removed . . . . . 34 22-5 11-5
Solids removed as fresh activated sludge (90%) . 31 i 20 11 1-25
Combined Primary (I) & Secondary Excess A.S.(IT) 54+18¥; 38+§g , 16+2171 1. 22 2:5t04 /,
Solids digested* . . . . . . . —38 +10
. Solids remaining in digested combined . . 57 20 37 1:65 .6to 7%
Pr. & Excess AS
Il, T. F. Process
Non-settleable solids .« . .« . 36 25 11 1-22
Solids digested during filtration (10 /) - . . —2-5 +0-5 :
Solids to be removed in Sed. tank . . 34 22:5 11-5
Solids removeéd in S.S. tank (40%) . . . 14 9 5
Combined Pr. (I) and T. F. Humus (III) . . 68 47 21 1:22 4to 5%
Solids digested in digester* . . . . . -32 +8 .
Solids remaining in digester Pr. & T. F. Humus . 44 15 29 1-66 8 to 10%

* It is assumed that 2/3 of the volatile matter is destroyed during digestion and one fourth of- the digested matter is

converted to noan-volatile residual sludge.

Percentage volatile and non-volatile matter is assumed to be 709 and 309/ respectively.

Sp. gravity of volatile and non-volatile matter is assumed as 1.0 & 2,5 respectively.

The Specific gravity of dry solids Sd, is given
by

100 % organic or volatile matter
Sq Sp. gr. of organic matter

% mineral matter

.. (16-1)
sp. gr. of mineral matter

Generally the Sp. gr. of organic matter varies
from 1.0 to 1.2 and that of mineral matter from
2.4 to 2.65.

Withthe known percentage solids or % moisture
in the wet sludge, the Sp. gr. of wet sludge S
could be worked out from the relationship.

100 % moisture % of solids
= + .(16.2)
S Sp.gr.or water Sq4

w

Once the'sp. gr. of wet sludge and 9 of solids in
wet sludge are known, volume of wet sludge could
be determined both for rawabd digested sludges.

16.2.2 Temperature

Digestion of sludge is temperature depen-
dent, the time of digestion varying with tempera-
ture as shown in Table 16.2.

Table 16.2
Temperature in °C 10 15 20 25 30 35 40 45 50 55 60
Digestion
pex%iod O(days) 75 56 42 33 27 24 25 23 16 14 18

Mesophilic

Thermophilic

&

&
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Upto a temperature of 40°C, the digestion is
brought about by a particular type of organisms
while a totally different type of organisms esta-
blish inthedigester at temperatures higher than
45°C. The former range is called the mesophilic
range and the latter thermophilic. Normally di-
gesters are not operated in the thermophilic range
as it would warrant special heating and also is
beset with operational and maintenance problems.
In the mesophilic zone, the range of 25°to 40°
gives reasonably short detention periods.

The ambient temperature in the coungry is
generally favourable for operation under mesophji-
lic conditions throughout the year. But in special
conditions, where extremely low temperatures
are likely to be encountered, it may be necessary
to heatthe digesters for specific periodsin the
year to maintain the digesters at favourable
temperatures. :

Heating of digester contents as -a routine is
not practised in the country because of the fact,
that except in a few places, the ambient tempera-
ture is suitable to maintain a reasonable rate of
anaerobic activity. Further, the digesters are gene-
rally designed with extra capacity for storage of
digested sludge in monsoon seasons where sand
drying is adopted, which serves as a buffer capa-
city for winter season by providing increased de-
tention periods. Considering these factors it seems
reasonable to adopt atemperature range between
25 and 30° C for design purposes.

The percent volatile matter destroyed is de-
pendent upon the percentage volatile matter in
raw sludge. The deiention periods givenin Table
16.2 would accomplish about two-thirds destruc-
tion of volatile solids for a 709 volatile solids
normally encountered in the raw sludge. The diffe-
rent values of volatile solids destruction when
digestion is considered satisfactory are given
in Fig, 16.1.
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PERCENTAGE REDUCTION OF ORIGINAL VOLATILE MATTER WHEN SLUDGE IS

CONSIDERED TO BE DIGESTED.

FI1G.16.1 REDUCTION IN VOLATILE MATTER BY DIGESTION

16.2.3 Storage for Digested Sludge

Storage capacity for digested sludge is requi-
red in places where digested sludge is applied to
drying bzds for dewatering as loading on such beds
is interrupted during peak monsoon periods.
The longest monsoon period which may be anti-
cipated in this country is about 8 weeks. However,
where meteorological data is available, such
21—480 M. of W&H/ND/79

data should be used to determine the capacity
needed for storage.

16.2.4 Conventional Digestion

Lack of proper mixing in the conventional dj-
gesters Icads to stratification, giving rise to dis-
tinctlayers of scum, supernatant,actively digesting
sludge and digested sludge. The supernatant is
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withdrawn periodically and returned to the in-
fluent of the treatment plant while the sludge is

added at mid-depth and withdrawn from the
bottom.

In this type of digesters, much of the digester
volume is wasted and sometimes acidification
takes place in the top and middle layers while
methane fermentation is confined to the lower
layers. This can lead to areas of low and high pH
in the system, which restrict optimum biological
activity. Also chemicals added for pH control are
not dispersed throughout the tank and their effec-
tiveness is limited. Grease brcakdown is poor
because the grease tends to float to the top of the
digester, while the methane bacteria are confined
to the lower levels. Mcthane bacteria are removed
with the digested sludge and are not recycled to
the top, where they are required. During progres-
sion from top to bottom of the digestion tank, the
sludge is compressed and gradually dewatered.

Since the progress of digestion is parabolic
the capacity of the digester is given by the expres-
sion —

V=[Vi—3% (Vi-Va) 1 T, + VT, (16-3)
Where

V=Volume of digester;

Ve=Volume of fresh sludge addad per day;

Vi=Volume of digested sludge withdrawn

per day;

T,=Digestiontime indays;and

T,=Monscon storage in days.

The digestion can be in a single unit or in two
units the primary and the secondary, the former
being provided with the needed time for digestion
and the latter to meet the requirements of mon-
soon storage.

Useful checks of the digester capacities can be
made based on the following parameters:

(i) per capita capacity—
(a) primary sludge ... 0-05—0-075 m?
(b) combined sludge... 0,10—0.15 m?®

(ii) Loading factor—

(a) primary or com- 0.3 to 0.75kg/m3/
bined sludge day

Typical problem relating to digestion of
combined sludge is given in Appendix 18.

16.2.5 High Rate Digestion

In high rate digestion, the sludge is more or
less continuously added and vigorously mixsd
either mechanically or by recirculating a portion
of the digestion gases througha compressor. The
digester is also heated to maintain maximum acti-
vity in the mesophilic region. High rate digestion is
particularly useful for upgrading conyentional di-
gester units to accommodate additional loads
where land 1s scarce. Because of good mixing,
thereis no S_lratiﬁcation and hence loss of capacity
does not arise due to supsrnatant or scum or dead

pockets. By adopting morc or less continuous ad-
dition of raw sludge and resorting to prethicken-
ing of the raw sludge to a solid content of 6%,
the detention times could be reduced to 10 to 15
days. Thickening beyond 69, affects the fluidity
of the sludge hampering its movement in pipes
and mixing in the digester. There is no superna-
tant separation in the high rate digester and only
about 50% destruction of VS 1s achieved. In
case the sludge has to be applied to drying beds,
a second stage digester is provided where separa-
tion of supernatant accompanied with a reduction
in -volume of sludge due to gravity thickening
takes place and digestion is completed. Additional
storage capacity needed for the monsoon period
has also be provided in the second stage digester.
Capacities for high rate digestion system may be
detarmined by :

A s U (16-4)

where
V'=Volume of first stage digester,
V*=Volume of second stage digester,

Ty=detention time in the high rate digester in
days and

T=detention time in the second stage digester
which is of thc order of 10 days.

16.3 DESIGN OF DIGESTER ELEMENTS

16.3.] Namber of Units

Conventional digesters are designed as single
units for plants treating upto 4 mLd. For larger
plants, units are provided in multiples of two, the
individual capacity not exceeding 3 mLd.

High rate digesters afc designed comprising
primary and secondary digestion tanks, each unit
generally capable of handling sludge from treat-
ment plants upto 20 mLd.

16.3.2 Tank Shape and Size

_ Circular tanks are most common for sludge
digestion and they should preferably be not less
than 6 m nor more than 55 m in dia.

16.3.3 Water Depth and Free Board

Side water depth of a digester may be kept
between 4.5 to 6.0 m but should not exceed 9 m
even for very large tanks. The frez board is de-
pendent upon the type of cover and the maximum
gas pressure. For fixed dome or conical roofs,
free-board between the liquid level and the tope
of the digester wall should not be less than 0.4 m.
For floating covers, the free board bstween the
water level and the top of the tank wall should
preferably be not below 0.6 m. For fixed slab
roofs, a free board of 0.8 m is recommendeq.

Depth of studge ina digester has to be care.-
fully worked out since too deepa digester cayses
excessive foaming which may result in chokage of
the gas mains, bullding up high pressuresin the
digester causing a hazard. When gas production
reaches a figure of about 9m? day/m? of top syr-
face of sludge, foaming becomes noticeable,



Therefore, before the tank depth and surface area
ofadigester are worked out, maximum gas produc-
tion rate should be determined. On an average,
about 0.9 m? of gasis produced per kg . of vola-
tile matter destroyed. The optimum diameter or
depth of digester is calculated such that at twice
the average rate of daily gas production, the value
of 9m3/m? of tank area is not exceeded.

16.3.4 'Bottom Characteristics

The bottom slope should not be less than 1 in
12 to facilitate easy withdrawal of sludge. The tank
floor should be designed for uplift pressure due to
the subsoil water or suitably protected either by
anchoring or by pressure release valves.

1,6.3.5' Roofing

Sludge digesters can have either fixed or
floating roofs. Relnforced concrete domes, co-
nical or fiat slabs are used for fixed roof and steel
domes are used for floating cover. Steel
floating covers may elther rest on the liquid or act
as gas holders in the digesters themselves. If a
floating cover is used for gas holder in a digestion
tank, an effective vertical travel of 1.2 to 2 m
should be provided.

Gas domes are provided in the roof at or near
the centre of circular tanks. A gas take off pofnt
in the fixed or floating roof should be located at
least 1 m above the maximum liquid level in the
tanks.

At least two manholes on the digester roof
should be provided. The size of each manhole
should preferably be not less than 0.75 m to facili-
tate repair and maintenance through them. For
tanks greater than 25 m dia, at least four man-
holes should be provided for removal of excessive
scum blanket and other matter which are difficult
to remove through sludge drawoff pipes. These
also serve to give adequate ventilation of the tank
at the time of repalr or maintenance.

Digester covers should have pressure and va-
cuum release valvesand flame traps. At least two
access manholes with gastight and watertight
covers are also to be provided in the operating
gallery near the bottom of the side wall of the di-
gesters. These manholes are necessary to conveni-
ently enter into the digesters, for maintenance of
equipment and for removal of excessive accumu-
lation of grit and other heavy material from the
digesters, While the primary digesters are always
constructed with covers with gas collection arran-
gements, the secondary digesters are often kept
open. This practice may not be objectionable
since the maximum gas production and digestion
take place in the primary stage itself. However, in
areas where the intensity of rainfall is very high,
both the primary and secondary digesters should
be covered.

Access ladders or stairs to the roofs of the
digesters with proper guard rail on the roof should
be provided. Fixed or movable stairs should also
be provided for easy entry into the digesters. -

22—480 M. of W&H/ND/79
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16.3.6 Digester Control Room

Normally a control room is provided near
the digesters to house the piping and the process
control cquipment, which are principally the sludge
heating units, sludge transfer and recirculation
pumps, sludge sampling sinks, thermometers,
blowers for ventilation and electrical control
equipment. Where heating of sludge digesters is
practised, the operations could be managed by
locating conveniently, the necessary valves for
supernatant and sludge withdrawal, in the digester
wall itself. However, in sewage treatment plants
having more than four digssters, it is advisable to
have a separate operation control room to house
the necessary control equipments for convenient
operation.

16.3.7 Mixing of Digester Contents

Mixing of the digester contentisan important
requirement in sludge digestion. Mixing brings
about intimate contact between the raw sludge fed
and the digesting sludge securing advantages of
seeding and buffering thereby maintaining a rapid
and uniform rate of digesting in the tanks. It also
minimises scum formatfon, temperature stratifica-
tion and dead zones in the digesters.

Conventional digesters are mechanically stir-
red with revolving arms dipping a little below the
scum level equipped with vertical fingers or pickets
extending downwards fn the scum stratum which
pass between fixed pickets, breaking up the scum.
Alternatively, draft tubes extending from below the
liquid level to the lower level of the tank with an
enclosed high capacity propeller to force the circu-
lation are also used which minimise the scum for-
mation apart from providing mixing and seeding
of the sludge. Another practice of compressing the
sludge gas, and discharging at three or more points
in the to supernatant zone below the scum zone is
also adopted for minimising the scum, Scum can
also be reduced by spraying tank liquor or water
when the scum is brought into the active digesting
zone.

Agitation of the tank contents can be achieved
by (i) withdrawing the boom sludge continuously
and pumping it to the digesting sludge zone such
that the entire content of the digester is turned over
in a period of at least 4 hours, (ii) providing me-
chanical agitation, (iii) recirculating the gas con-
tinuously through perforated or diffusion pipes lo-
cated at the bottom of the digesters.

16.3.8 * Piping

CI is commonly used for pipelines carrying
sludge including fittings and joints. Pipes should
be well supported and be capable of being drained.
Veats should be provided at high points in order
that the gas generated by the digesting sludge does
not accumulate in these pipelines. Adequate num-
ber of flanges and flexible couplings should be
provided on exposed sludge lines to facilitate
dismantling and insertion of cleaning equipment
whenever necessary. In long pipe runs, tees with
flanges equipped with 40 to 60 mm hose connec-
tions should be provided for easy cleaning and
flushing of the pipe. .



Flushing is an important requirement and
adequate arrangements should be provided for
flushing the sludge lines with water or clarified
sewage.

A minimum dia of 200 mm should be used
for the sludge pipelines for both gravity withdra-
wal and suction to pumps. Velocities of 1.5 to
2-4 mps should preferably be maintained to prevent
solids def)ositionand accumulatfon of grease which
ultimately clog sludge piping.

Primary and digested sludge have different
hydraulic characteristics from those of watsr,
though the secondary sludge is almost similar to
water in its characteristics. The head loss in
sludge ¥ipcs increases with the increasein percen-
tage of solids and as such ‘C’ values of 40 to 50
in Hazen William formula should be used for
designing the pipelines.

For gas lines CI or GI is commonly used.
Galvanised steel may also be used for exposed
gas piping. Flanged joints may be provided for
exposed %as piping of sizes 100 mm and above
in'dia while screw or welded type joints are recom-
mended for pipe less than 100 mm. Mechanical
jolnts should be used for underground piping. It
is necessary that all gas piping be located at a level
that will allow proper draining of the condensate.
It isdesirable to maintain a gas pipe slope of 1 in
50 with a minimum slope of 1{n 100 for adequate
drainage. Gas pipes should preferably be painted
with bituminous coating. For dla of 100 mm and
above, cast iron with flanged gasketed joints or
flexible mechanical joints may be used. Adequate
pipe supports should be provided to prevent brea-
kage. It Is desirable to provide a flanged pipe
bypass before a gas meter. A firm foundation
should also belaid below the pipe and caution must
be exercised during back filling to prevent any dis-
turbance of the alignment and grade. In highly
acldic or alkaline solls, the pipe must be wrapped
with eftherasbestos or some other protective ma-
terial. Coal tar enamel may also be used in.some
cases. Cathodic protectionis not generally needed
on gas lines. Adequate number of drip traps must
be provided in gas pipelines, especially at the
downward bends. Suitable number of tees should
also be provided with removable screwed plugs or
flanges for cleaning purposes. A drip trap of 1
litre capacity would be satisfactory. Trap outlets
should runto floor drains wherever convenfent.
It is preferable to use positive type traps which
prevent the gas from escaping while emptying the
condensate.

16.3.9 Sampling Sinks and Vaives

A sink should be provided for each digester
unit for drawing the supernatant liquor and sludge
from varjous levels in the digester. Siaks should
either be of white enamelled cast iron or of stain-
less steel. They should be made at least 30 cm
deep. The supply ofadequate water for flushing
the sinks should also be provided.

The sludge sampling pipes usually of GI
should be short and bztween 40 to 50 mm in dia.
These pipes may be arranged soas to draw sam-
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ples from at least three levels in the digester at
0.6 m intervals. Sink valves should be efther brass
plug type or CI flangsd type. :

16.3.10 Liquid Level Indicator

The digester may be designed for a fixed
liquid level. Alternatively, a liquid level indicator
with gauge board or any other positive level mea-
suring device may be used for each digester.

16.3.11 Gas Collection

Sludge gas is nmormally composed of about
60 to 70% methane and 25 to 35% carbon dio-
xide by volume, with smaller quant?tles of other
gases like hydrogen sulphide, hydrogen, nitrogen
and oxy%en. The combustible constituent in the
gas is primarily the methane. Depenaiag upon the
sulphate content of the sewage and the sludge,
the concentration of hydrogen sulphide in the gas
varies. Hydrogen sulphide 1n addition to its corro-
sive properties imposes a limit on the utilisability
or causes nuisance during the burning of the gas,
Sludge ?as containing 709 methane has a fuel
value of about 5,800 k cal/m3. In terms of solids
digested, the average gas production s about 0.9
m3/kg of volatile solids destroyed at a normal
operating pressure of 150 to 200 mm of water.

Minimum and maximum rates of gas produc-
tion will however depend upon the mode of
feeding of raw sludge into the digester. Where
batch feeding is practised, the minimum and
maximum gas production rates may vary from 45 %,
to more than 200%,.In the continuous feeding sys-
tem, the difference between the maximum and the
minimum is considerably reduced. Intermittent
mixing of digester contents is also responsible for
wide fluctuations in gas production rates.

1t is, therefore, desirable to feed the high rate
digesters with raw sludge and run the mixing device
as continuously as possible to obtain not only a
uniform rate of digestion but also uniform produc-
tion of gas.

Sludge gas should be collected under positive
pressure to prevent its mixing with air and causing
explosion. The explosive range of sludge gas is
between 5 to 15% by volume of gas with afr.
The gas may bz collected directly from under a
floating cover on the digester or from the fixed
cover b?' maintaining a constant water level.
Where primary and secondary units are provided
to operate in serles with the primary having a
fixed cover and the secondary with a gas holder
or floating cover, the gas piping from each diges-
ter should be interconnected. A separate gas hol-
der may be provided to collect the gas from the
primary unit where the secondary unit is kept
open.

A gas dome above the digester roof should
be used for gas take off. The velocity in sludge
gas piping should not exceed 3.5 mps to prevent
carry over of the condensate from the condensate
traps and avold high pressure loss and damage to
meters or flame traps and other appurtenances
of the system. ,

h



An Integrating meter made of corrosion re-
sistant materfal should be used to measure gas
production from the digssters. Removal of conden-
sate from the meter is also desirable. Pressure re-
lease valves are provided for controlling the gas
in the digester by releasing gas pressure exceeding
200 to 300 mm of water and also preventing par-
tial vacuum and possible cover collapse during
rapid withdrawal of sludge or gas.

A distance of at least 30 m should be kept

betweena waste gas burner and a digestion tank -

or gas holder to avoid the possibility of igniting
the gas mixture. Waste gas burners should bz lo-
cated in the open for easy observation. A pilot
device should also be provided with the waste
gas burners. Condensate traps, pressure release
valves and flame traps should also be provided
ahead of waste gas burners. Manometers indicating
the gas pressure in cm of water may be used onthe
main gas lins from the digester or ahead of the
gas utilization device. A common open end
U tube manometer should not be used for
such purposes as it may be hazardous.

16.3.12 Gas Holder

The primary purpose of a ges holder is to
adjust the difference in the rate of gas production
and consumption as well as to maintain a uniform
pressure at the burner. When gas holders are also
used for storage of gas for utilisation, a storage
capacity of at least 25 % of the total daily gas pro-
duction should be provided.

The gas holders may be of the following
types : —

(i) A bell shaped cylindrical tank submer-
ged in water installed either on the top
of a digester or as a separate unit. The
structure holding the water may be made
of RCC. As the gas enters or leaves, the
holder rises or falls.

(i) A pontoon cover type which floats on
the liquid content of the digester consis-
ting of steel ceiling, skirt plates, a gas
dome and steel trusses.

(iil) Dry type gas holder consisting of a
cylindrical steel tank in which a disc-
shaped piston makes contact at its perl-
phery with the inside of the tank. The gas
enters the holder from beneath the piston
which floats on the gas. Leakage of gas
is prevented by elther tar or a felt seal
around the edge of the piston. A suitable
roof should be provided if this type of
dry gas holder is installed. :

(iv) A high pressure holder either cylindrical
or spherical in shape and made of efther

- welded or rivetted steel construction,
for storing the gas under high pressure,
This type of gas holder is seldom used

for sewage treatment plants unless the gas

has to be utilised for special purposes.

The appurtenances for gas holders include
ladders, condensate drains, pressure gauges and
- safety valves.

16.3.13 Performance of Digesters

The following parameters are Indicative of
good digestion :—

(a) % of volatile solids destroyed as given in Fig. 16.1
0-025m?/day

(c) gas production per kg. of vo- 0-4m?®
latile matter added.

(b) per capita gas production

(d) gas production per kg. of vo- 0-9m?
Iatile matter destroyed.

(e) pH of the digesting sludge . 7 to 8

(f) methane content of gas pro- 60 to 70% withan
duced. average of 659

(g) dry solids in digested sludge—

Primary . . . 10—15%

Mixed . . . . 6—10%
(h) volatile acids 200 to 400 mg/1
(j) grease practically absent
(k) colour . . . . black
(1) drainability
(m) odour

quickly drainable
inoffensive

164 AEROBIC DIGESTION

Aerobic digestion is also a useful method of
stabilising sewage sludge. It can be used for se-
condary tank humus or for a mixture of primary
and secondary sludges but not for primary slydges
alone. The major advantage of aerobic digestion
over anaerobicdigestion are :—

() lower BOD concentration §n digester
supernatant;

(i1) production of odourless and easily de.
waterable biologically stable digested
sludge;

(iff) recovery of more basic fertiliser valye in
the digested sludge;

(iv) lower capital cost;and
(v) fewer opzrational problems.

Because of these advantages, aerobfc diges-
ters are befng increasingly used particularly for
small treatment plants. However, running” cost
in terms of the power cost, is much higher than
for anaerobic digesters.

. The factors that should be considered in de-
signing an aerobicdigester include detention time,
loading criteria, oxygen requirement, mixing and
process operation. The volatile solids destroyed in
acrobic digestion in about 10 to 12 days time, at
a temperature of 20°C would bz 35 t0459%. Higher
temperature will result in reduction fn the perlod
of digestion. Oxygen requirements normally vary
between 1.7to 1.9 Fméfm of volatile solids des-
troyed. It is also deslrable to maintain the dissol-
ved oxygen between 1 to 2 mg/l in the system
Operational difficulties may be expected if com:
pressed aeration Is practised. Extended aeration
system including oxidation ditches are examples
of aerobic digestion.



- CHAPTER 17
SLUDGE THICKENING, DEWATERING & DISPOSAL

Studge thickening or dewatering is adopted

for reducing the volume of sludge or increasing
the solids concentration to (a) permit increased
loadings to sludge digesters; (b) increase feed solids
concentration to vacuum filters; (¢) economise on
transport costs as in ocean barging in case of raw
sludges; (d) minimise the land requirements as
well as handling costs when digested sludge has to
be transported to disposal sites; and (e) save on
the auxiliary fuel that may otherwisc be nceded
when incineration of sludge is practised.

17.1 SLUDGE THICKENING

This practice is adopted for the separation
of greater amount of water from sludge solids
than can be attained in settling tanks. Thick-
ening produces a saving in unit costs compared
to sludge digestion and dewatering processes.

Three types of thickening are commonly
practised viz., (a) gravity thickening, (b) air
floatation, and (c) centrifugation.

17.1.1 Gravity Thickening

Gravity thickening is the most common
practice for concentration of sludges. This is adop-
ted for primary sludge or combined primary and
activated sludge but is not successful in dealing
with activated sludge independently. Gravity thick-
ening of combined sludge is not effective when the
activated sludge exceeds 409, of the total sludge
weight, and other methods of thickening of acti-
vated sludge have to be considered.

Gravity thickeners are either continuous flow
or fill and draw type, with or without addition of
chemicals. Use of slowly revolving stirrers impro-
ves the efficiency. Continuous flow tanks are
deep circular tanks with central feed and over-
flow at the periphery. They are designed for a
hydraulic loading of 20,000 to 25,000 1pd/m?.
Loading rates lesser than 12,000 1pd/m? are
likely to give rise to odour problems. The normal
sladges contain too much solids to permit this
loading and hence it is necessary to dilute the
sludge with the plant effluent. The recommended
solids loading for primary, mixture of primary
and trickling filter and mixture of primary and
activated sludge (60:40 welght ratio) are 100,60,40
kg/day/m? respectively. Underflow solids con-
centrations that can be expected with these Joa-
dings are about 8 to 109, with primary, 6 to 8%
with primary and trickling filter and 2 to 6% with
primary and activated sludges. Better efficiencies
.can be obtained by providing slow revolving stir-
rers, particularly with gassy sludges.

Continuous thickeners are mostly circular
with a_side water depth of about 3 m. Concentra-
tion of the underflow solids is governed by the depth

of sludge blanket upto 1 m beyond which there
Is very little influence of the blanket. Underflow
aolids conccntration is increased with increased
sludge detention time, 24 hours being required to
echieve maximum compaction. Sludge blanket
depths may be varied with fluctuation in solids
production to achieve good compaction. During
peak conditions, lesser detention times will have
to be adopted to keep the sludge blanket depth
sufficiently below the overflow weirs to prevent
excessive solids carryover.

It is necessary to ensure provisions for (a)
regulating the quantity of dilution water needed;
(b) adequate sludge pumping capacity to maintain
any desired solids concentration, continuous
feed and underflow pumping; (c) protection
against torque overload and (d) sludge blanket
detection.

17.1.2 Air Floatation

Air floatation units employ floatation of
sludge by air under pressure or vacuum and are
normally used for thickening of waste activated
sludge. These units involve additional equipment,
higher operating costs, higher power require-
ments, more sKilled maintenance and operation.
However, removal of grease and oil, solids, grit
and other material as also odour control are
distinct advantages.

In the pressure type floatation units, a portion
of the subnatant is pressurised from 3 to 5 kg per
cm® and then saturated with air in the pressure
tank. The effiuent from the pressure tank is mixed
with influent sludge immediately before it is rele-

_ased into the floatation tank. Excess dissolved air

then rises up inthe form of bubbles at atmospheric
pressure attaching themselves to particles which
form the sludge blanket. Thickencd blanket is
skimmed off while the unrecycled subnatant is

“returned to the plant.

The vacuum type employs the addition of
air to saturation end applying vacuum to the unit
to release the air bubbles which float the solids
to the surface.

The efficiency of air floatation _units is in-
creased by the addition of chemicals like alum and
polyelectrolytes. The addition of polyelectrolytes
does not increase the solids concentration but

“improves the solids capture from 90 to 989

17.1.3 Centrifugation

Thickening by centrifugation is resorted to
only when the space limitations or sludge charac-
teristics will not permit the adoption of the other

»



two methods. This method involves high mainten-
ance and power costs. C:ntrifuges cmployed are
of either disc or solid bowl type. Disc centrifuges
are prone to colgging whilc ths latter type [gives
poorer quality efiluent.

17.2 SLUDGE DEWATERING

st of the digested primary or mixed sludge
can bl\:(::ompacted t%) a water content of about 9074
in the digester itself by gravity but mechanical
dewatering with or without coagulant aids or
prolonged drying on open sludge drying beds may
be required to reduce the water content further.
The dewatering of digested sludge is usually ac-
complished onsludge drying beds wgnch canreduce
the moisture content to below 7077, But excess
oil or grease in the sludge will interfere with the
process. Where the required space for sludge dry-
ing beds is not available, sludge conditioning fol-
lowed by mechanical dewatering on vacuun fiiters,
filter presses or centrifugation followed by heat
drying orincineration could be adopted.

In most parts of the country, the clima.te. is
favourable for open sludge drying beds which
is economical and easy to manage.

17.2.1 Sludge Drying Beds - .

is method can be used in all places where
adengte land is available and dried sludge can be
used for soil conditioning. Where digested slugde
is deposited on a well drained bed of sand and
gravel, the dissolved gases tend to_buoy up and
float the solids leaving a clear liquid at the
bottom which drains through the sand rapidly.
The major portion of the liquid drains off in
a few hours-after which drying commences by
evaporation. The sludge cake shrinks producing
cracks which accelerates evaporation from the
sludge surface. In.areas having greater sunshine,
lower rainfall and lesser relative humidity, the
drying time may be about two weeks while in
other areas, it could be four weeks or more.
Covered beds are not generally necessary.

17 .2-.1 .1 Design criteria
(8) AREA OF BEDS

area needed for dewatering digested
sludg'lz;heits dependent on total volume of sludge,
climate, temperature and location. Areas rgquire'd
for drying beds range from 0.1t0 0.15 m / (!;pl-
ta with dry solids loading of 80 to 120kg/m? of
bed per year for digested primary sludge and
from 0.175 to 0.25 m?*/capita with dry solids
- loading of 60 to 120kg/m® 'year for digested mixed
sludge, for bed specifications indicated sub-
sequently, A typical worked out example ‘may
be seen at Appendix-20,

- " (b) BED SPECIFICATIONS

e drying bed usually consists of a bot-
tom ﬁ:;gcri%f gt)"avegl of uniform size over whxf:lh
is laid a bed of clean sand. Open jointed tile
underdrains are laid in the gravel layer to pro-
vide positive drainage as the liquid passes
through the sand and gravel.
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(i) Gravel

_Graded gravel is placed around the under-
drains in layers upto 30 cm with a- minimum of
15 cm above the top of the under drains. At least

8 cm of the top layer shall consist of gravel of
3 to 6 mm size. .

(ii) Sand
Clean sand of effective size of of 0.5t00.75
mm and uniform coeflicient not greater than 4.0

is used. The depth of sand may vary from 15 to
30 cm. The finished sand surface shall be level.

(iii) Underdrains

Underdrains are made of vitrificd clay pipes
or tiles of at least 10 cm dia laid with open joints.
Underdrains shall be placed not more than 6 m
apart.

(iv) Walls

Walls shall preferably be of masonry and ex-
tend atleast 40 cmabove and 15 cm below sand
surface. Outer walls should be kerbed 1o prevent
washing outside soil on to beds :

(v) Dimensions

Drying beds are commonly 6 to 8 m wide
and 30to 45m long. A length of 30 m away from
the inlet should not be exceeded witha single point
of wet sludge discharge, when the bed slope is
about 0.5%. Multiple discharge points may be

used with large sludge beds to reduce the length
of wet sludge travel. :

(vi) Number of beds

Beds should be at least two in number since
multiple beds afford operating flexibility. The
size of individual beds is often determined by
the discharge pressure of the digester, which
is generally 0.3 to 0.6 m.

(vii) Sludge inlet

All sludge pipes and sludge inlets are so ar-
ranged to easily drain and have a minimum of 200
mm dia (terminating at least 30 cm above the sand
surface. Splash plates should be provided at dis-
charge points to spread the sludge uniformly) over
the bed and to prevent erosion of the sand.

(viii) Drainage

. Drainage from beds should be returned to the
primary settling units if it cannot be satisfactorily
disposed of otherwise.

(c) PREPARATION OF BED

Sludge 'drying beds should be prepared
well in advance of the time of application of' a
fresh batch of sludge. All dewatered sludge which
has formed a cake should be removed by rakes
and shovels or scrapers, care being taken not
to pick up sand with the sludge. After the com-
plete removal of sludge cake, the surface of the
bed is cleaned, weeds and vegetation removed,
the sand levelled and finally the surface properly
raked before adding the sludge, - The . raking
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reduces the compaction of the sand on the sur-
face and improves the filterability of the bed.

Only properly digested sludge should be ap-
plied to the drying beds. Poorly digested sludge
will take a much longer time for dewatering.
Sludges containing oils, grease and floating mat-
ter clog the sand and interfere with percolation.
Samples of sludge from the digester should be exa-
mined for the physical and chemical charac-
teristics to ensure that it is ready for withdrawal.

(d) WITHDRAWAL OF SLUDGB

Sludge should be withdrawn from the diges-
ter at a sufficiently high rate to clearthe pipeline.
Rodding and back-flushing of the inlet pipe
may sometimes become necessary to make the
materialflow easily. Valves must be opened fully
to start with and later adjusted to maintain
regular flow. The flow may be regulated to keep
the pipe inlet from being submerged. Naked
flames should be prohibited while opening sludge
valves and exposed discharge channels.

(e) DEPTH OV SLUDGE

Sludge should be deposited evenly to a depth
of not greater than 20 cm. With good drying con-
ditions, the sludge will dewater satisfactorily and
become fit for removal in about 2 to 3 weeks
producing a volume reduction of 20 to 40%.

(f) REMOVAL QF SLUDGB CAKB

Dried sludge cake can be removed by shovel
or forks when the molsture content is less than
70%. When the moisture content reaches 40%
the cake becomes lighter and suitable for grinding.
Some sand always clings to the bottom of the
sludge cake and results in loss of sand thus re-
ducing the depth of the bed. When the depth of the
bed is reduced to 10 cm, cleancoarse sand which
matches the original sand, should be used for
replenishment to the original depth of the bed.

(8) HAULING AND STORAGE OF SLUDGE
CAKEs

Wheel barrows or pick up trucksare used for
hauling of sludge cakes. In large plants mecha-
nical loaders and conveyors may be required to
handle large quantities of dried sludge. Sludge
removed from the bed may be disposed of directly
or stored to make it friable, thereby improving
its suitability for application to soil.

17.2.2 Mechanical Methods

Vacuum filtration is the most common me-
chanical method of dewatering, filter presses
and centrifugation being the other methods. Che-
mical conditioning is normally required prior to
mechanical methods of dewatering. Mechanical
methods may be used to dewater raw or digested
sludges preparatory to heat treatment or before
burial or land fill. Raw sludge is more amenable
to dewatering by vacuum filtration because the
coarse solids are rendered fine during digestion.
Hence filtration of raw primary or a mixture of
primary and secondary sludges permits slightly
better yields, lower chemical requirement and

lower cake moisture contents than filtration of
digested sludges. When the ratio of secondary to
primary sludges increases, it becomes more and
more difficult to dewater in the filter. The feed
solids concentration has a great influence, the op-
timum being 8 to 10%. Beyond 10%, the sludge
becomes too difficult to pump and lower solids
concentration would demand unduly large filter
surface. In this method, conditioned sludge is
spread out in athin layer on the filtering me-
dium, the water portion being separated due to
the vacuum and the moisture content is reduc-
ed quickly.

17.2.2.1 Sludge conditioning

Prior conditioning of sludge before applica-
tion of dewatering methods renders it more
amenable to dewatering. Chemical conditioning
and heat treatment are the two processes nor-
mally employed.

(1) cHEMICAL CONDITIONING

Chemical conditoning is the process of adding
certain chemicals to enable coalescence of sludge
particles facilitating easy extraction of moisture,
The chemicalsused are ferric and aluminivm salts
and lime, the more common being ferric chloride
with or without lime. Digested sludge because of
its high alkalinity exerts a huge chemical demand
and therefore the alkalinity has to be reduced to
effect asaving on the chemicals. This can be ac-
complished by elutriation. Polyelectrolytes show
promise for sludges with finely dispersed solids.
The cholce of chemical depends on pH, ash con-
tent of sludge, temperature and other factors.
Optimum pH values and chemical dosage for dif-
ferent sludges hasto be based on standard labo-
ratory tests. The dosage of ferric chloride and
alum for elutriated digested sludge are of the
order of 1.0 kg/m? of sludge. Alum when vigo-
rously mixed with the sludge, reacts with the
carbonate salts and releases CO, which causes
the sludge to separate and the water drains out
more easily. Hence for effective results, alum
must be mixed quickly and thoroughly. The
alum floc, however, is very fragile and its use-
fulness has to be evaluated vis-a-vis ferric chlo-
ride before resorting to its application.

Feeding devicss are necessary for applying
chemicals. Mixing of chemicals with sludge should
be gentle but thorough, taking not more than 20
to 30 seconds. Mixing tanks are generally of the
vertical type for the small plants and of the horl-
zontal type for large plants. They are provided
with mechanical agitators rotated at 20-60 rpm.

(a) Elutrlation

The purpose of elutriation of sludge Is to
reduce the coagulant demand exerted by the alka-
linfty of the digested sludge, by dilution with
water of lower alkalinity followed by sedimenta-
tion and decantation. Some *end products of di-
gestion such as ammonium bicarbonate which
exert increased demand of chemicals in condition-
ing are removed. in the process. There are three
methods of elutrlation, viz., single stage, multi-

)



stage and countercurrent washing, the water re-
quirement being dependent upon the m=thod used.
For a given alkalinity reduction, single stage elu-
triation requires 2-5 times as much water as the
two stage and 5 times as much water as counter-
current washing. Hence single stage washing is
used onlyinsmall plants. Countercurrent washing,
although higher in initial cost, is adopted i all
large plants. Water requirement also depends
on alkalinity of dilution water, alkalinity of
sludge and desired alkalinity of elutriated sludee.
Sludge and water are mixed in a chamber with
mechanical mixing arrangzment, the detention
period being about 20 secs. The sludgeis then
settled in settling tanks and excess water decan-
ted. A maximum surface loading on settling
tank of about 40 m3/m?/day and a detention
period of about4 hours are adopted.

Countercurrent elutriation is generally carried
out in twin tanks similar to sedimentation tanks,
in which sludge and wash water enter at opposite
ends. Piping and channels are so arranged that
wash water cntering the second stage tank comes
first in contact with sludge already washed in the
first stage tank. The volume of wash water re-
quired is roughly 2 to 3 times the volume of
sludge elytriated.

The dosage of chemicals, detention period and
flow of conditioned sludge to mechanical dewate-
ring units are automatically controlled by float
switches so that these variables are adjusted onthe
basis of performance and the quzlity of sludge
cake coming oat.

(i) HEAT TREATMENT (PORTEUS PROCESS)

In this process, sludge is heated for short
periods of time under pressure.

Sludge is preheated in a heat exchanger before
it enters a reactor vessel where steam is injected
to bring the temperatyre to 145° to 200°C under
pressures of 10 to 15 kg/cm?2. After a 30 min
contact time, the sladge is discharg=d through
the haat exchanger to a sludge separation tank.
The sludge can be filtered through a vacuum
filler to a solid contsnt of 40 to 509 with
filter ylelds of 100 kg/m?/hr.

17.2.2.2 Equipment

(a) VACUUM FILTERS
The vacuum filter consists of a cylindrical

drum over which is laid a filtering medium of wool, -

cloth or felt, synthetic fibre or plastic or stainless
steel mesh or coil springs. The drum is suspendad
horizontally so that one quarter of its diameter is
submerged in a tank containing sludge. Valves and
piping are arrenged to apply a vacuam on the
inner side of the filter medium as the drum rotates
slowlyin the sludgs. The vacuum holds th: sludge
against the drum asit continues to be applied
as the drum rotates out of the sludge tank. This
pulls water away from the sludge leaving a moist
cake mat on the outer surface. The sludge “cake
on the filter medium is scraped from the drum just
before it enters the sludgs tank again, Vacuum
pumps, moisture traps, filtrate pumps, filtrate re-
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ceivers , conveyors and pipes and valves are neces-
sary adjuncts to the filter. Operating costs of va-
cuum filters are usually higher than for sludge
drying beds. However, they require less area since
dewatering is rapid. The operation is independent
of weather conditions and it can be uszd for dewa-
tering even raw or partially digested sludges re-
quiring drying or incineration. The capacity of the
filter varies with the type of sludge being filtered.
In calculating the size of filter the desired moisture
content of the filter cake is a factor. If wetter
cakeis acceptable, higher filtrationrates and lower
coagulart dosage can be used. The filtration rate
is expressed in kg of dry solids per square metre
of medium per hour. Tt varies from 10 kg/m2/hr
for activated sludge alone to 50 kg/m?/hr for
primary sludgss. A design rate of 15 kg/m?/hr
is a conservative figure that can be used when the
quality of the sludge and the type of filter to be used
are not known. Filter drums are rotated at a2 speed
of 7 to 40 rph with a vacuum range of 500 to 650
mm of mercury. The filter run does not exceed
30 hrs per week in small plants to allow time
for conditioning, clean up and delays. At larger
plants, it may work for 20 hrs a day. The mois-
ture of the filiered cake varies normally from 80%
in case of raw activated sludge to 709 for diges-
ted primary sludges. Filters should bz operated
to produce a cake of 60 to70% molisture if it is
to be heat dried or incfnerated. At the end of
each filter run, the filter fabric is clean>d to re-
move sticking sludge. A high pressure stream
of water Is use¢ to clean the filter cloth. The
filters are usually located in a separate room or
building with adequate light and ventilation.

(b) FILTER PRESSES

Filter presses consist of a series of rectangular
movable plates recessed on both sides and fitted
with filter cloth. Slydge is pumped into the space
between the plates and a pressure of 4 to 12 kg/cm?
is maintained for a period of 1 to 3 hrs forcing the
liquid through the flter cloth and plate outlet ports.
After filtration, the cakes, 25 to 40 mm thick with
a4 mofsture content of 55 to 709, are allowed to
drop from the press by separating the plates. The -
method permits the direct and practically complete
removal of suspended solids from the crude
sludge.

(C) CENTRIFUGATION

The process of high spezd centrifuging has been
found wseful to reduce the moistyre fn sludge to
around 60 %. Usually the liquor from the centrifuge
has a high solids content than filtrate from sand
drying beds. Return of this liquor to th2 treatment
plant may result ina large recirculated load of
these fine solids to the primary settling and slu-
dge system and alsoin reduczd effluent quality.
(Refer 17. 1.3. also).

17.2.3 Heat Drying

The purpose of heatdryingistotreduce further
the moisture content and volume of dewatereq
sludge, so that it can be ased after drying without
causing offensive odours ot risk to public health
Several methods such as sludge drying under con-
trolled heat, flash drying, rotary kiln, maltiple.
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hearth furnacss, etc., have beenused in combination
with fincineration devices. Drying {s brought about
by directing a stream of heated air or other gases
atabout 350° C. The hot gases, dust and ash
relensed during combustion are to be removed

by suitable control mechanisms to minimise air -

pollution. The dried sludge removed from the
kilns is granular and clinker-like which may
be pulverised before use as sofl conditioner.

17.2.4 Incineration

The purpose of incineration s to destroy the
organic material, the residual ash being generally
used as landfill. During the process all the gases
released from the sludge are burnt off and all the
organisms ars destroyed, Dcwatered or digested

sludge {s subjected to temperatures between 650°C -

to 750°C., Cyclone or multiple hearth and flash
type furnacss are used with proper heating
arrangements with temperature control and dry-
ing mechanisms. Dust, flyash and soot are
collected for use as landfill.

It has the advantages of economy, freedom
from odours, and a great reduction in volume and
welght of materials to be disposed of finally. But
the process requires high capital and recurring
costs, Installation of machinery and skilled opera-
tion. Controlled drying and partial incineration
have also been employed for dewatering of sludges
before befng put on conventiopal drying beds.

17.3 SLUDGE DISPOSAL

Sludge is usually disposed of on land as man-
ure to soll, or as a soil conditioner, or barged into
sea. Burlal is generally resorted to for small quan-
tities of putrescible sludge. The most common
method is to utilize it as a fertiiser. Ash from
incinerated studge is used as a landfill. In some
cases wet sludge, raw or digested, as well as
supernatant from digester caa be lagooned as a
temporary mz=asure but such practicc may create
Froblems like odour nuisance, ground water pol-

ution and other public health hazards. Wet or
digested sludge can be used as sanitary landfil
or for mechanised composting with city refuse.

17.3.1 Sludge as Fertilizer

The use of raw sludge as a fertilizer directly
on land for raising crops as a means of dispo-
sal is not desirable since it is fraught with health
hazards. Application of sewage sludges to sofls
should take into consideration the following
gulding principles :

() Sludge from open air drying beds should
not be used on solls where it is likely to
come into direct contact with the vege-
tables and fruits grown.

(if) Sludge from drying beds should be plo-
ughed into the soil before raising crops.
Top dressing of sofl with sludge should
be~prohibited.

(fif) Dried sludge may be used for lawns and
for growing deep rooted cash crops and
fodder grasses where direct contact of
edible part is minimum.

(iv) Heat dried sludge is the safest from
public health point of view. Though
deficlent {n hamus, it Is convenfent for
handling and distribution. It should be
nsed along with farmyard manure.

(v) Liquld sludge elther raw or digested is un-
safe to use.Itisunsatisactory as fertilizer
or soil conditioner. If used, it must be
thoroughly fncorporated into the soil
and the land should be glven rest,so that
biologfcal transformation of organic
material takes place. It should be used in
sucha way as to avoid all possible direct
human contact.

in general, digested sludges are of moderate )

but definite value as a source of slowly avallable
nitrogen and some phosphate. They are compara-
ble to farmyard manure except for deficiency in
potash. They also contaln many essential elements
to plant life and minor nutrlents, in the form of
trace metals. The sludge humus also increases the
water holding capacity of soll and reduce soil
crosion making an excellent sofl conditioner
speclally in arid regions by making available need-
ed humus content which results in greater fertility.

17.3.2 Sludge Lagooning

Use of sludge lagoons for storage, digestion,
dewatering and final disposal of dried sludge may
be adopted in isolated locations where the soll is
fairly porousand whenthere s no chance of ground
water contamination. Drainage water should not
be allowed to enter the lagoon. The depth of la-’
goon and its area should be about twice that re-
quired for sand drying under comparable condi-
tions. Depth may range from 0.5 to 1-5 m. La-
goons have been used for regular drying of sludge
ona filland draw basis or allowed to fill dry and
then levelled out and used as lawns. Lagoons have
also been employed as emergency storage when
digesters have to be emptizd for repairs. As they
are less expensive to build and operate, they have
been resorted to, particylarly for digested sludge
in areas where large open land suitably located is
available. Use of lagoons is not generally desirable,
as they present an ugly sight and cause odour and
mosquito brzeding.

17.3.3 Disposal in Water or Sea

This is not a common method of disposal
ecayse it is contingent on the availability of a
large body of water adequate to permit dilution.
At soms sea coast sites, the sludge either raw or
digested may be barged to sea far enough to make
available the required dilution and dispersion.
The method requires careful consideration of all
factors for proper design and siting of outfall to
prevent any coastal pollution or interferenge
with navigatiop,



CHAPTER 18
SLUDGE PUMPING

In sewage treatment plants, sludge produced
in the different units has to be necessarily moved
from polnt to polnt by pumping watery or thick
sludgs or occasionally scum. Pumping may be
intermittent as in the case of raw sludge from
settling tank to the digester or continuous as in
the return of the activated sludge to the aeration
tank. Efficlency of sludge pumps fs therefore
important in the proper operation of a sewage
treatment plant. The efficiency of a sludge pump
is considered subordinate to dependable, satis-
factory and trouble free operation. Sludge pumps
have to be resistant to abrasion as sludges too
often contain sand and grit. Design of pumps
will have to provide for sufficlent clearance, as
close clearances though necessary for higher effi-
clencles, lead to frequent stoppages and exces-
sive wear.

18.1 SLUDGE PUMPS

Generally, sludge pumps are of the recipro-
cating (plunger) or centrifugal type. Diaphragm
pumps, alrlift pumps and ejectors are also used.
Recfprocating pumps of the simplex, duplex or
triplex models with capacities of 150 to 250
Ipm per plunger are available. They are sultable
for suction lifts ypto 3 m and are self priming.
The pump speeds should be between 40 and 50
rpm and designed for a minimum head of 25m,
since accumulations of grease fn sludge piping
would causz progressive increase in head with
use.

Centrifugal pumps will have to be equipped
with varfable speed drives, to sult variable capa-
citles since throttling the discharge to reduce the
capacity with a constant drive results in frequent
stoppages. The design should also consider the
need for pumping sludge solids without clogging
and yet avold pumping largeTquantities of over-
lying sewage.

There are various modifications of centrifugal
pumps presently in the market. The centrifugal
pumps with nonclogging Impellers are confined
to bigger sizes. The scrupeller pump, a modifi-
cation of screw-feed Impeller pump Is applicable
specially to the pumping of sludge. IIt) fs less
prone to clogging than the ordinary centrifugal
pumps and eliminates some of the objsctions
inherent in reciprocating pumps.

18.2 APPLICATION OF PUMPS

. Types of sludges required to be pum';;emd are
primary, secondary, return, elutrfated, thickened
and concentrated. In addition scum also needs

pumping.

18.2.1 Pumps for Primary Sladg~
Plunger and centrifugal pumps of the screw
type have been widely used for transporting pri-
mary sludge, plunger pumps being preferred for
-this duty, for the following reasons:

(i) pulsating action tends to concentrate
the sludge in the hoppers;

(if) suction lifts can be accommodated ;

(iif) low pumping rates are possible with
large port openings;

(iv) positive delfvery is generally assured;

(v) constant but adjustable capacity, regard-
less of large varlations in pumping
head s obtalnable;

(vi) large discharge heads are possible;
(vif) clogging Is easfly corrected; and

(viil) heavy concentration of solids can be
pumped readily.

18.2.2 Pumps for Secondary Sludge

Nonclogging centrifugal and plunger pumps
as well as airlifts and ejectors find use for secon-
dary sludge, but the centrifugal pump fis
preferred because of the advantages like greater
efficlency, capacity for handling light solids con-
centration, uniform and smooth delivery of solids,
mixing of the mass which is being pumped,
quiet and cleaner operation than the plunger
pump and lower malntenance costs for conti-
nuous operation.

18.2.3 Pumps for Recirculation fand Transfer of
Sludge

Selection of the type Is largely dependant on
location of the pump. Where priming s positive
and no suction lift is involved, large, centrifugal
pump with variable-speed drive is a good choice.
The nature of solids to be handled by these
pumps being similar or less concentrated than
the primary sludge and since suction lifts?are
low, centrifugal pumps give successful results.
Where a suction lift is {nvolved, the plunger
pump may be selected. Often it may be possible
to combine this duty with primary or secondary
sludge pumping by proper arrangement of units.
Plunger pumps have an advantage over centri-
fugal pumps when it becomes necessary to
dewater a digester completely,

18.2.4 Pumps for Elotriation of Sludge

Pumps that are useful for primary sludges
find application for elutriation purposes also.
In small plants, plunger pumps are preferred as
they may often be combined with the primary slu-
dge pumps in a common location. They are gene-
rally equipped with counters to measure the quan-
tity of sludge pumped. Inlarger plants, the cen-
trifugal pum;; fs chosen since it Is capable of
smoother, quieter and cleaner operation, as well
as for delivery of larger volumes of elutriated
sludge. Sultable sludge meters used in Conjunc-
tion with centrifugal pumps employed inelutria-
tion permit the measuring of sludge quantities.



Adjustment of washing ratios and variation of
the rate of delivery to the vacuum-filters correspon-
ding to various dewatering rates can bz accompli-
shed by variable-spzed drives.

18.2.5 Pumps for Thickened and Concentrated
Sladge
Pumps for this duty will have to accommo-
date higher frict ion losses in discharge lines.
Plunger pumps serve this purposs better.

18.2.6 Scum Pumping

" Scum is usually pumped by screw-feed pumps,
plunger pumps and pneumatic ejectors.

18.3 STANDBY UNITS REQUIRED

Several factors like the particular function
involved, size of plant and Arrangement of units
determine the need for standby units.

Since primary and secondary sludge pumping
are important functions, standby pumps are gene-
rally provided, in actual numbers or by sucharran-
gements that dual duty is possible. Scum is usually
mixed with the primary sludge and pumped.

184 SLUDGE CONVEYING PIPING

After determining the characteristics of sludge
and the proper types of pumps for pumping the
same, the next important thing is to dssign the
pipelines to and from the pumps. There are many
factors which need consideration in the design of
pipes, such as the rate and velocity of flow of sludge
ard arrangements of piping.

Sewage sludge flows like a thin plastic mate-
rial and hence the formulae for the flow of water
in pipes are not applicable. The velocity of flow
should be in the critical range, above the upper
limit of the laminar flow and below the lower limit
of turbulent flow,in order to avoid clogging and
deposition of grease so that the application of
hydraulic formulae for flow of water become per-
missible. In gensral, velocities between 1-5 and
2-5 mps are satisfactory. The friction head loss
in the sludge pipe can be estimated by the applica-
tion of Hazen Williams formula adopting <C’
values of 40 to 50 depending on the material to
be used for conveying sludge, and lower values
being adopted for high solids content of the
sludge.

Pipes less than 200 mm dia should not be used
for gravity withdrawal or for suction lines to
pumps. In order to take care of thin sludge to flow
by gravity for short distances within the treatment
plant, a 3% or greater slope should be adopted.

Suction and discharge pipes should be ar-
ranged in such a way that their lengths are short,
straight and with minimum bends. Large radius
elbows and sweep tees are usually adopted for
change in direction. High points should be avoi-
ded, as far as possible, to prevent gas pockets.
Suitable recess and sleeves are usually provided
for] all pipes passing through masonry. Double
flanged pipes are usually adopted for sludg- line
providing valves at selccted locations to clean the
lines.
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18.5 PUMP APPURTENANCES

In order to assist the operator to perform his
job efficiently and easily, several appurtenances
such as air chamber, revolution counter, gland
seals, valves, gauges, sampling devices, washouts
and drains, time clocks and measuring devices
are necessary. ‘ ‘

18.5.1 Air Chamber

Air chamber of adequate size is necessary for
all plunger type sludge pumps on the discharge
side of the pump. It may also be provided on the
suction side of the pump particularly where
positive suction head exists. Such chambers absorb
the shock of plunger pump pulsations.

18.5.2 Revolution Counter

Plunger sludge pumps shall be equipped with
revolution countsrs or integrating recorders to
help the. operator to determine the quantity of
sladge pumped. In duplicate pump installa-
tions, these aid in equalising the service and
wear of each pump.

18.5.3 Gland Seals

Stuffing boxes are normally provided for
external sealing in centrifugal pumps to ensure
against the leakage of air around the shaft. Pump
manufactarers provide grease seals or clzar water
sealing. Watzr seals not only provide air tightness
but also help to wash the grit and dirt away from
the packing. Potable water is never connected
with sludge pumps directly.

18.5.4 Valves

Swing check or ball check valves are generally
used for sludgz pump duty as thcy provide full
opening without obstruction. Water hammer could
be avoided by weighted or spring loaded - checks.
Pumps with dual check valves are sometimss
used to give more consistent opz=ration and to aid
in the use of pumps as metering devices. In larger
size plants where the valves are not in frequent
use, gate valves arz generally used in sludge lines.
Singl: disc valves.are also used. For interior instal-
lation, the rising stem valves offer the advantage
of visual detzrmination of the valve positions.
For exterior underground locations, gate valves
are gznerally used. Underground sludge valves
should be avoided as far as possible.

18.5.5 Gauges

Pressure gauges shall be installed on both
delivery and suction sides. Gauges provided witha
cast iron towl and an oil-resistant rubber dia-
phragm which will keep sludge out of the finer
working parts of the gauges should be used.

18.5.6 Sampling Devices

Sampling cocks of 35 mm dia are usually
provided in all sludge pumps either within them-
selves or in the immediate piping adjacent to the
pump. They are provided with plug valves which
are simple and easy to operate for taking samples,



18.5.7 Washouts and Drains

Washout arrangements arc provided for
sludge pumps to cffect easy and rapid clearance.
Drains on the pump body should be of ample size
to assure liquid drainage and rclease of pressure
and should be connected to adjacent floor drain
for cleaning.

18.5.8 Time Clocks

Time clocks, wired across the magnetic star-
ters or motor leads of sludge pumps canp be of
valyable help to the operators. They help to keep
an accurate record of hours of run of the pumps
for attending to lubrication, equalisation of wear
and tear as part of preventive maintenance.

18.5.9 Measuring Devices

While time clocks and counters are adequate
for small plants, additional venturimeters and
flow tubes with flushing provisions aie used in
larger plants for recording and measuring the
quantities of sludge handled. Magnetic meters
are more suitable for sludge metering.

18.6 PUMP DRIVE EQUIPMENT

The drive equipment used to operate pumps
consists of gasoline or gas engines and electric

motors. Gasoline engines are used mainly for
standby ssrvice in case of electric power failure.
They are either directly connected to pumps or
operate clectric geacrators which in turn furnish
the power for driving pumps. Gasoline engines are
costly to run and need strict supervision. Gas
engines using sludge gas as fuel are used to drive
centrifugal pumps.

Electric motors are nowadays exclusively
used to operate sewage and sludgz pumps. The
type generally found are synchronous and in-
duction motors. The synchronous motors which
operate at constant speed, are mainly used in
very large plants while induction motors find
common application in sewage works. Induction
motors can be either wound-rotor or squirrel
cage type. The wound rotor motor is costlier and
at the same time requires sligtly more maintenance.
Explosive proof motors are currently used for
transmission of power to pumps,i.c. to couple the
prime movers to the pumps through chain drives,
belt drives (conventional or V-type belts), vari-
speed drives, directly coupled drives and gear
drives. Magnetic starters remotely located to
avoid moisture and dampness are used for control
of sludge pumps since start-stop buttons have
the disadvantage of manual operation.



CHAPTER 19
CHLORINATION OF SEWAGE

Chlorination of sewage can be used to prevent
septicity in sewers, overcoming difficulties during
treatment and disinfection of plant eflueats prior
to disposal. Regular chlorination of effluents has
not been practised so far in the country except for
sewage from infectious diseases hospitals, T.B.
sanatoria, etc.

19.1 PURPOSE OF CHLORINATION
Chlorination of sewage is used for

(1) control of odours within the collection
system and plant;

(i) alding grease removal;

(iii) inhibiting formation of hydrogen sul-
phide, a contributory factor to corrosion;

(iv) reduction of BOD of raw and treated
sewage and digester supernatant;

(v) prevention of sludge bulking in activated
sludge plants;

(vi) keeping activated sludge aerobic during
- thickening;

(vii) checking of foaming in anaerobic di-
gesters;

(viii) disinfection of raw sewage and plant
cffluents;

(ix) coatrol of filter-fly nuisance; and

(x) overcoming ponding due to clogging of
trickling flters.

The oxidising power of chlorine is responsible
for thesc cffects which are brought about by
reaction of chlorine with unstable organic matter
and odorous compounds and inactivation of
micro and macro life present in sewage. Factors
influencing the effects of chlorination have been
discussed in the companion volume—Manual on
Water Supplyand Treatment. The dose of chlorine
for giving a definite residual is dependent on the
concentration of the sewage as well as its septicity.
Moreover, any residual effect is only temporary.

19.2 DOSAGE

The dose of chlorine varies not only according
to the purpose for whichitis used but also varies
widely from plant to plant and therefore, it js

difficult to prescribe definite limits for the dosages
In most cases, it ranges between 2 to 25 mg/l.
However, it is advisable to determine the actual
dosages by experimentation on the basis of resi-
dual chlorine or number of coliforms in the treated
effluent.

Application of chlorine can bring about 15
to 25% BOD reduction of raw sewage, approxi-
mately 0-5 mg of chlorine being requited for
each mg reduction of BOD. For oxidation of
digester supernatant, the dose may range between
20 and 140 mg. The control of filter flies requires
sufficient dose to produce a residual chlorine of
0-1to00-5 mgﬁ at filter nozzles. For control of
ponding in trickling filters, aresidual of 1to10 mg/1
has to be maintained at filter nozzles. Chlorine
dose for disinfection of raw sewage and primary
effluents ranges between 10 and 25 mgfl and that
of secondary effluents between 2 and 15 mg/l.
Sewage solids can, however, shelter organisms,
particularly virus and the safety obtained is not
complete.

19.3 CHLORINE CONTACT CHAMBERS

Chlorine contact chambers with contact times
from 15to 30 minat peak flow should be provided
when efluents are to be disinfected. In order to
achieve the requisite contact time, plug flow type
of tanks having round-the-end baffles are re-
commended. Provision should be made for rapid
mixing of the added chlorine through hydraulic
turbulence for at least 30 seconds. The other im-
portant considerations in the design arc mainte-
nance of self cleansing velocity and provision for
bypassing portions of the chamber for cleaning
purposes. Where the length of the outfall is suffi-
cient to ensure the required contact time, the con-
tact chamber may be eliminated.

19.4 CHLQRINE STORAGE, HANDLING
AND FEEDING

Chlorine may be applied either in the form of
its compounds or as chlorine gas. The equip-
ment for feeding and other considerations are
the same as those required in water treatment
practice as discussed in the Manual on Water
Supply and Treatment.

»
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CHAPTER 20
EFFLUENT DISPOSAL AND UTILISATION

The effluents from sewage treatment units
may be discnarged iato lakes, streams, rivers,
estyaries, oceans or on land. The nature and
degree of treatment given to the sewage is depen-
dent upon the requirements imposed by the
regulatory authorities. It is the large water
portion along with a small residual otganics
after treatment that has to be disposed of while
the major portion of the organics is handled
within the treatment plant itself. The  water
content of th: szwags efflucat aloag with the
fertility valu: of the organics serves to make it
useful for irrigation and pisciculture; the effluent
is also put to use for industrial purposes where
quality is not very jmportant or for artificial
recharging of aquifers in areas of rapid depletion
of underground water sources.

20.1 DISPOSAL ON LAND

The poteatial manurial and irrigational
values of the sewage effluent permitits utilization
in sewage farming. However, to safeguard the
public from health hazards involved, certain
restrictions have necessarily to be imposed as
detailed in chapter 21.

20.2 DISPOSAL BY DILUTION

Where utilisation for sewage farming s
not found suitable, the treated efluent may bz
disposed of iato a stream course or into sea or a
stagnaat body of water. The quality and quautity
and use of the water into waich the efluent is
discharged decides the degree of treatment required
for the sewage.

20.2.1 Basic Information

The basic information to be collected for
planning effluent outfall works should consist of

(i) studies of the characteristics of the
sewage to be treated particularly with respect to
toxic metals and other matsrials likely to be
admitted into the sewers and the degree of treat-
ment necessitated;

(ii) hydrographic surveys or ¢xamination of
available pydrographic records including :

(a) ruan off records, and characteristics of
flow both at and below the point of
disposal during the worst perjods jn the
casc of streams,

(b) observations on currents and effects
of winds, seiches and temperature
stratification upon the dispersion of the
sewage, in the case of lakes; and

(c) tides, the effects of winds, salinity
and temperature stratification upon the
movement of the sewage, in the case
of tidal estuaries;

(ii1) studies of possible locations for and for-
ms of sewer outfall inits relation to hydrographic
conditions particularly in the case of lakes and
ocean outfall; and

(iv) studies of the various uses of the
water receiving the sewage effluent, giving
due consideration to the protection of water
supplies and the relative value and economy of
sewage treatment and water purification, the
safeguarding of the bathing beaches and other
recreational facilities, conservation and protection
of useful aquatic life and its commercial value
in relation to sewage treatment, the avoidance
of unsightly or offeasive conditions created by
the sewage solids on or in the waters or along the
shorss, the prevention of sludge bank formation
and of the resulting encroachment on waterways,

20.2.2 Standards

It is pecessary to adhere to the standards
laid down by the lndian standards Institution
as embodied 1n 1S:4764—1973, while disposing of
sewage or sewage cflluent in a body of water.
However where the djlutionis low, these standards
nay have to be made stringent to ensure that the
receiving water conforms to the Standards
18:2296—1974. Where Statutory Water Pollytion
Prevention and Control Boards exist, this will
be governed by the consecat conditions issued
by the Boards.

20.3 RECLAMATION OF WASTEWATERS

Complete reclamation of sewage cffiueat
is not gencrally adopted, this being only supple-
mentary to other methods of disposal. Recla-
mation Is restricted to meet the nesds depending
upon the availability and cost of fresh water,
transportation and treatment costs and the
water quality standards and the impencing uses
like watering of lawns and grass lands; cooling, -
boiler-feed and process water; forming artificial
lakes; wetting of refuse for compaction and
composting; and raising agricultural crops. Some
of tnese uses may nesd tertiary treatment like
sand filtration, microstraining or fish ponds.

204 PISCICULTURE

If local conditions are suitable, partially
purified sewage effluent may o¢ us.d for fish
culture without further dilution. Raw sewage
cannot directly be uscd for fish cuiture without
dilution as it does not contain sufficient dissolved
oxygen for the survival and growth of fish. The
waste stabilization pond effiuent and the perco-
toted effluent from sewage farms have also been
successfully used ia pisciculture.

20.5 ARTIFICIAL RECHARGE OF AQUI-
FERS

Artificial recharge of groundwater aquifers is

one of the most common mcthods for combining



¢ffluent dispoal with water reuse. Replenishment
of groundwater sources has been done on a prac-
tical scal:. Treat:d effluent has been used to arrest

salt watzr intrusion which may take place due to .

the low:ring of ground water table bv the rapid
pumping to meet largs water demands. Another
possioleuse of rechargeis theapplicationof efluent
for flooding thereby increasing the yield of oil
bearing strata. Recharging may be dons through
injection or diffusion wells. Treatment of effluent
must include chlorination to prevent algae and
slime formation which clog the pores of the soil.

When points of effluent discharge are well
arranged and effluent quantitics are limited, there
is no serious threat to ground water quality.
Howevsr, in many unsewersd residential areas, par-
ticularly suburban developmeats, domestic wastes
are disposed of through closley spaced individual

sewage disposal units somtimes interspersed with
water wells. Adsquate precautions should be taken
to ensure that the water sources arz not contami-
nated by the improper location of cesspools. septic
tanks and subsurface dispzrsion systems, Synthe-
tic detergents, unlik: most other chemicals, are
not asually ramoved by passage though the soil
mantle nor do they readily disintegrate. When
they spread throagh thz grouad water reservoir
they create unpleasant taste and frothing.

In the present dey when coaservation, recla-
mation and reuse of water are receiving increasing
emphasis. sewage cffluznt constitutes a valuable
source for recharging ground water. When used
asanirrigant, much lowe:r spreading rates have
to be adopted with sewage effluents than fresh
water because of the higher concentrations of
suspended matter and bacteria.
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CHAPTER 21
SEWAGE FARMING

The nutricats in sewage like nitrogen, phosp-
horus and potassium along wita tne micronutrients
as well as organic matter present in it could be ad-
vantageously employed for sewage farming to aad
to the fertility of the soil, along with the irrigation
potential of the water content. As very few cities
in the country are sewered and that too partially,
the nightsoil and sullage from the unsewered areas
is used for farming waich is fraught with public
health dangers. Sometimes in sewered areas whzre
no treatment facilities are available, sewage farming
with raw sewage is practised which is again a
grave pablic health hazard. Even application of
treated effluent to land has to be carried oyt with
certain precautions as it is not completely free
from tats risk.- A good sewag:s farm should be
runonsclentificlines with efficient suparvision with
the primary objective of disposal of sewage
combined with its utilisation to the possible extent
in a sapitary manncr without polluting the soil,
open waler courses or artesian waters or contamina-
ting crops raised on the sewage farm; or impairing
the productivity of the soil. It should also provide
for hygienic safety of the staff to protect them
against the infection by pathogenic organisms and
helminths.

Though sewage after primary treatment can bz
applied to the farms, the temptation of providing
only primary treatment and eliminating secondary
treatment merely on cost coasiderations should
o: resisted. Under po conditions, application of
raw sewage on sewage farms should be permitted.

21.1 WATER QUALITY CONSIDERATIONS
FOR IRRIGATION WATERS

The quality of water forirrigation is determin-
ed by the effects of its constitueats both on the crop
and the soil. The deleterious effects of the consti-
tuents of the irrigaat on plant growth can result
from (i) direct osmotic eff:cts of salts in preventing
water uptake by plants, (ii) direct chemical effects
upon the metabolic reactions in the plants (toxic
effect), and (iii) any 1ndirect effect through changes

in soil structure, permeability and aeration.

The suitability of an irrigant is judged on
the basis of soil properties, quality of irrigation
water and the salt tolerance behaviour of the crop
grown in a particular climate. The water quality
ratings along with the specific soil conditions
recommended for the country are shown in Table
21.1,

These limits apply to the situations where
the ground watcr table at no time of the year is
within 1.5 m from the surface. The values
have to bereduced by half if the watzrtable comes
up to the root zone.

Table 21.1
Water quality Ratings

Permissi-
ble limit -
of Elec-
trical Con-
ductivity
of water
for safc
irrigation
(micro-
mhos/cm)

Crop to  be

Nature of soil grown

Deep black soilsand alluvial
soils having a clay con-

Semi tolerant 1500

tent morethan 309, : Soi- Tolerant 2000
Is fairly to moderately
well drained.

Heavy textured soils having Semi-tolerant 2000
a clay content of 20—30Y,.
Soils well drained inter- Tolerant 4000
nally and having a good
surface drainage system.

Medium textured soils ha-  Scmi-toferant 4000
ving a clay content of 10—
20Y% :Soils very well drai- Tolerant 60V0

ned internally and having
a good surface drainage
system.

Light textured soils having Semi-tolerant 6000
a clay content of less than
10% : Soils having excellent
internal and surface drain-

age.

Tolerant 8000

If the soils have impeded internal drainage
cither on account of presence of hard stratum
unusually high amounts of clay or other morpho-
logic reasons, advisedly, the limit of water quality
should again be reduced to half. If supplemetary
canal irrigation is available, waters of higher elec-
trical conductivity could bz used profitably, in
lean periods.

21.1.1 Osmotic Effects

When water is applied for cultivation on land,
some of it may run off as surface flow or be lost
by direct surface evaporation, while the remainder
infiltrates into the soil. Of the infiltrated water,
a part is used consumptively, a part is held by the
soil, for subsequent evapotranspiration and the
remaining surplus percolates or moves laterally
through the soil. The water retained in the soll
is known as the ‘soil solution’ and tends to become
more concentrated with aissolved consituents as
plants take relatively purer water. An excessive
concentration of salts in the soil solution prevents
water uptake by plants. Table 21.1 shows permissi-
ble levels of electrical conductivity (EC) and hence
total salts of water for safe irrigation in the four
types of soils. It may be polated out that good
drainage of the soil may be a more important
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factor for crop growth than the EC of the irricant
as leaching of soils results in maintaining a low
level of salt in soil solution in the root zone.
21.1.2 Toxic Effects

Individual ions in irrigation water may have
toxic effects on plant growth. Table 21,2 lists some
of the known toxic elementsand their permissible
concentration in irrigation waters when continu-
ously applied on all soils and also when used on
fine texture soils for short terms. Many of these
are also essential elements for plant growth.

Table 21.2

Maximum Permissile concentration of Trace elements in
Irrigation Waters

Element Maximum  For short
permissible  term use on
conceatration  fine tex-
mg/1 for ture soils

water used

coatinuously

on all soils
Aluminium . . Al 1-0 20:0
Arsenic . . As 1-0 10-0
Beryllium . . Be 0-50 1-0
Boron . . B 0-75 2:0
Cadmium . . Cd 0-005 0-05
Chromium . . Cr 5-0 20-0
Cobalt . . . Co 02 10-0
Copper . . . Cu 0-2 50
Fluorine . . . F e 10-0
Lead . . . Pb 5-0 20-0
Lithium . . . Li 5.0 5.0
Manganese . . . Mn 2:0 20:0
Molybdenum . Mo 0- 005 0-05
Nickel . . . Ni 05 2-0
Sclenium . . . Se 0-05 2-0
Vanadium . . .V 10-0 10-0
Zinc . . . Zn 50 10-0

21.1.3 Impairment of Soil Quality
21.1.3.1 Sodium hazard

In most normal soils, czlcium and magnesium
are the principal cations held by the soil in replacea-
ble or exchangeable form. Sodium tends to replace
calcium and magnesium when continuously appli-
ed through irrigation waters. An increase of excha-
ngeable sodium in the soil causes deflocculation
og soil particles and promotes compaction, thereby
impairing soil porosity and the water and air rela-
tions of plants. The sodium hazard of irrigation
water is commonly expressed either in terms of
percent soluble sodium (PSS) or sodium adsorp-
tion ratio (SAR) where

+
PSS = 100 x Na
(Na + + Ca+++ Mg+++K +)
+
or 100 x Na ©° (21—1)
( Total cations )
Na
andSAR = —— ..., (21-2)
Ca TT4mg T #

and the cations are expressed as meq/1. Generally
the sodium hazard of soil increases with the
increase of PSS or SAR of irrigation water and
exchangeable sodium percentage of the soil. The
maximum permissible value of PSS in irrigation
water is 60. Where waters with higher PSS
values are used, gypsum should be added to the
soll occasionally for soil amendment.

_Hazardous effect of sodium is also increased
if the water contains bicarbonate aud caroonate
ions in excess of the calcium and magnesium as
there is a tendency for calcinum and magassium to
precipitate as carbonates from the soil solution
ind thereby increasing the relative proportion of
:xchangeable sodium. Values of residual sodium
bicarbonate less than 1.z5 meq/l are considered
safe and above 2.5 meq/l as unsuitable.

The effect of potassium on soil is similar to
that of sodium but since the conceatration of
potassium is generally quite small in irrigation
waters, it is often omitted from consideration.

21.1.3.2 Organic solids

While stable organic matter improves porosity
of soil, thereby facilitating aeration, an excessive
application of unstable organic matter would
lead to oxygen depletion in the soil. Deposition
of sediments especially when they consist primarily
of clays or collodial material may cause crust
formations which impede emergence of seedlings.
In addition, these crysts reduce infiltration with
the consequent reduction of irrigation efficiency
and less leaching of saline soils.

21.1.4 Other Considerations

Soils are usually well buffered systems. Their
pH is not significantly affected by application of
irrigation water. However, extr:me values below
5.5 and above 9.0 will cause soil deterioration.
Development of low pH values in soils promotes
dissolution of elements such as iron, aluminjum
or manganese in concentrations large enough
to be toxic to plant growth. Similarly, waters
baving high pH values may contain high con-
centratjons ,of  sodium, carbonates, and
bicarbonates, the effect of which have been
discussed earlier.

Chlorides and sulphates are toxic to most
crops in high concentrations. Ordinarily, the
detrimental effects of salinity on crop growth
become perceptible first.

Excessively high or low temperatures in
irrigation waters may affect crop growth and
yields. A desirable range of water temperature
1s from 12 to 20°C,

21.2 PUBLIC HEALTH ASPECTS

Presencs of pathogenic microorganisms in-
treated sewage and raw sewage used as frrigantsis
of major importance, Raw sewage always contains a
large variety of intestinal pathogens likejhelminthic
eggs, bacteria and viruses. The public health
aspects of sewage farming should be considered
from the view points of exposure of farm workers

¢
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to sewage and that of the consumers of the farm
products. It has been established through surveys
carried out in different sewage farms of the coun-
try that labourers working in sewage farms suffer
from a numb.r of ailments directly attributed to
handling of sewage.

21.3 DESIGN AND MANAGEMENT OF
' SEWAGE FARMS

Optimum utilisation of sewage in agriculture
means the complete and judicious use of its three
main components viz., water, plant nutrieatsand
organic matter on the farms in such a way that
(a) the pathogenicinfection is neither spread among
the farm workers nor the consumers of sewage
farm products, (b) the ground water is not coatami-
nated, (c) there is maximum outturn per unit
volume of sewage (d) there is no deterioration of
the soil properties and (¢) none of the three com-
ponents are wasted.

21.3.1 Management of Water in Sewage Farming

The principle to,bz borne ia mind inirrigation
management is to irrigate only when it is required
aad only to the extent it is required by the crop.
The water requirement depends on the soil type,
the crop and the climate. The water requirement
(cm) of main soil types to be wetted to a depth
of 30 cms required by most of the crops is given
in Table 21.3 .

Table 21.3

Water requirements to wet different soils to a Depth
of 30 cm

Sand . . . . . 125
Sandy loam o . e 2:50
Loam . . . . . 5:00
Clay loam . . . 625
Cay « .« « . . 750

Water requirement of crops vary with the
duration of their growing secason and the amount
of growth in uait time. Details for some of tne
Indian crops which canbe grown on sewage farm
are given in Tabl: 21.4.

Table 21.4
Water requiremeats of Crops

Growing Total Optimum
period water pH
Crops (days) require- range
ments
(cm)
1. Soyabean . 110—120 37-50 6:0—8-5
2. Mustard . . 120—140 g%%— 6:0—9.5
3, Sunflower (Kharif), 100—110 37-50 6:0—8:5
4, Sunflower (Rabi) . 110—]120 87-50 6:0—8-5
5. Barley . . . 88 35-25 6:5—8:0
6. Cotton . . . 202 105-50 5:0—6-0
7. Jowar . . . 124 64-25 5:5—~17.5
8. Maize . . . 100 44-50 5-5—17-5
9, Linseed, . . 88 31-75 5:0—6-5
10, Rice . . . 98 104-25 5-0—6:0
11. Milling varieties of 365 237-50 6-0—8-¢g
Sugarcane.
12. Wheat 88 37.0 5.5—-1.5

_ The irrigation requirement of any crop is not
uniform throughout its growing period. It varies
with the stage of growth. For example grain crops
require maximum irrigation during the time of
ear-head and grain formation. Sugarcane requires
more frequent irrigation from about the sixth
of the seventh month onwards. Lacase of fruit trees
the irrigation has to be stopped during their resting
period. If the irrigation is not given at critical
growth stages of the crop, it results in lower
yields,

Water requirement of crop at different stages
of growth caa be determiped either directly
(gravimetcically) or indirectly by use of Teansio-
neters or Irrometers or gypsum blocks. Normally,
vhen there is about 50 gdepletion of available
nolsture in the soil, irrigation is recommended.
The crop plants themselves show signs of moisture
stress. One has to be always on the look out for
such first symptoms to determine the need for
irrigation. Some plants like sunflower also serve as
good indicators of stress symptoms. Sunken screen
pan evoporimeter could also be used for esti-
mating use of water by crop plant and scheduling
jrrigation.

The extent of irrigation depends on the
depth of irrigation to be givenand volume of water
required to wet the soil to the required depth.
If tensiometers or gypsum blocks are embedded
at the required depths, they would indicate the
stage when the soll at that depth is saturated.
Nearly about 70 to 809 roots of most crops are
found in the first 30cm of the soil. Some may
g0 deecper on the next 30 om. Normally, in irri-
gating medium type of soilitis wetted to about
30cm depth or a little more.

If the figares for water requirements for crop
as mentioned in Table 21-4 are to be satisfied
much higher hydraulic Ioadings will have to be
applied since a portion of sewage after its passage
through the soilis carried away by the underdrai-
nage system. The applicable hydraulicloadings of
settled sewage are therefore dependesnt upon the
type of soil and the recommended rates are given
in Table 21-5.

Table 21, §
Recommended Hydraulic Loadings

Tybe of sail Hydraulic loading

(nm®/hectare/day)

(i) Sandy . . . « 200—-250
(ii) Sandyloam o . o 150—200
(iii) Loam . . . 100—150
(iv) Clay loam . . . 50—100
(v) Clayey . . . 30-50

Sewage conforming to the norms specified
in 21.3.3 should be applied to the soil by strip,
basin or furrow irrigation. Wild flooding or sprin-
kler irrigation should not be adopted.

The distribution channels should be properly
graded to avoid ponding and silting. It is advisable
that the main distributary is lined.



31,3.2 Management of Soil

I is necessary that the soil is given rest for
about 3 10 4 months every alternate or third
year preferably in summer months. This can be
acnieved if tne farm is designed on the basis
of water requirement in the winter season. After
tne narvest of tae wiater crop, say in March, the
soil may pbe opened up by deep ploughing and
cultivated sufficiently to make it as porous and
permeaole as possiole before the next crop is raised,

Maiatenance of soil oxygen level is very impor-
tant as 1t 1srequired for rootrespiration and a
numocr of vilogical processes in tae soil. Refilling
of oxygea 1n ta¢ pores iatne surface layers of
soil depeads upon the reestaolishment of contact
of tne soil atmosphere with the eavironment,
‘fhis process can pe acceierated by suitable
cultural pracuces and by providing sutlicient
irrigation iatervals. [t is, tnerefore, desirable
tna: an 1atercultural operation 1s followed as soon
as tae soil coadition allows working after every
irrigation. [t snould always be seen tnat the soils
of sewage tarm saould nave a surplus ot oxygen
tnan todt normally required in tne ordinary
farm because tae soi oxygea hasto perform an
addiilonal joo of satistying tane BOD of sewage.
Tae intercultural operation tollowingevery one
or two trrigations is all the more necessary in the
case of clayey soil. lo tne areas waere rajatall is
1ow, 1t is gestrable to lood the sols with primary
water at least once a year to leach down the salts
accumulated in the soil, If the soil salinity and
alkalinity pose a serious problem, amendment of
soil wita tae required quantity of gypsum should
e carried out. Subsoil drainage is very important,
Poor drainage snould be improved by installing
undergrouna tile drains,

Tne sewage distribution system must, as
a rule, be a pipe network. Only under most favou-
rable sanitary coaditions or on a temporary
basis can anopenpermanent sewage nelwork
be allowed wita tae permission of local public
healtn eagiaeering  autaority provided the
channels are regularly and thorougaly cleaned.

Crop rotation ficlds on agricultural sewage
farms must be laid out 1 accordance with
the natural slope of the terrain to eliminate ithe
jrregularities of distribution.

Oan agriculturalsewage farms no sewage should
be allowed to be neld beyond tae farm boundaries,
Wwitn tnis in view, protection bauks are arranged
along tne lowest lying boundaries of each crop
rotauon field. Lo addiuon, butfer (reserve) filtra-
tion tields (plots) snould oe provided to handle
sewage during unfavourable seasons or rest
periods, harvesttime and in other cases when
sewage cannot be used for irrigation purposes.

Where the ground water table is less than
2m below the surface, sewage farmingshould be
avoided. :

21.3.3 Utilisation of Plant Nutrients
Sewage contains 26-70 mg/l of nitrogen (N)
9-30 mg/l of phosphate (Y;0;) and 12-40 mg/l
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or even more of Potash (K,0). The recommended
dosages for N,P and K for majority of field crops
are in tne ratio of 5:3:20r3 respectively. Tne
figures tor N, P and K coateats of sewage on the
otger nand snow tnat sewage is relatively poor in
phospaates. Excess potash is not ol significance but
4 relative excess ol nitrogen affects crop growth
and development. Crops receiving excessive dosa-
ges of nitrogen show supertiuous vegetative growth
and decrease 1n grain or fruit yield. [he phosphate
deficit of sewagy, taeretore, snould be made good
by supplementing with phosphate fertilisers, the ex-
teat of pnospaate foruncation depending upon the
pnature of crop andits pnosphdte requirements.
As tae availabuily ol phosphate is low, 1. would be
desiraole to appty the required quantity of phos-
Paatic fertiliser at the time or even before (about a
tortaight) tne sowing or planting of the crop.

Even wiaen sewage nutrients are balanced
by fortidcation, irrigation witlsuch sewage may
supply excessive amounts of nutrients resulting in
waste or unoalanced growtn of plants with adve-
rse eitects on yields., Lumay theretore be necessary
to dilute the sewage. Diluuon also helps in reduc-
ing the concentiration of dissolved saltsand de-
composaple organic matter in the sewage thus de-
creasing hazards to tne ferulity of the soil. It is
desirable to limit the BOD anda total suspended
solids of sewage to be disposed on land tor irriga-
tion to 180 and 25Umg/1 respectively, which can
be acnieved by primary sedimentation.

21.3.4 Protection against Health Hazards

Sewage farms should not, belocated within
1 km of sources of centralised water supply or
mineral springs; in tne vicinity where waterbearing
layers prevail; or on areas with ground water
levels less than 2 m below the surface. Measures
should be taken to preveat pollution of artesian
water. Sewage farms must be separted from resi-
dential arcas by at least 300m.

Evidence is on the increase to show that labou-
rers working on tne sewage farms suffer from a
number of ailments directly atiributed to handling
of sewage. [n view of tais it 1s righly desirable to
mechanise sewage farm operation tothe extent
possible.

Sewage or, wastewaters of individual enter-
prises engaged in the processing of raw material of
animal ongin, of hospitals, biofactories and
slaugnter houses should be disinfected before they
are taken to the sewage farms.

Disinfection and agricultural utilization
of sewage containing radioactive substances are
carried out in accordance with special 1nst-

ructions.

The staff of sewage farms must be well versed
in the sanitary ruleson the utilization of sewage
for irrigation as well as with personal hygiene. -

All persons working in sewage farms must
undergo preventive vaccination against enteric
infections and annual examination for Aelmintho-
ses and provided treatment if necessary.

&



Sewage farms should be provided with adequate
space for canteens with proper sanitation, wash-
stands and lockers for irrigation implements
and protective clothing; besides, safe drinking
water must be provided for the farm workers and
the population residing within the effective  range
of the sewage farms.

All the farm workzrs should be provided with
gum boots and rubber gloves which must compul-
sorily be worn while at work. They should be forced
to observe personal hygiene such as washing after
work as well as washing before taking food.
The use of antiseptics in the water used for wash-
ing should be emphasized. The farm workers should
be examined medically at regular intervals and
necessary curative measures enforced.

Cultivation of crops like lettuce, tomato,
onion, carrot, chillies. parsley, turnip, radish, gro-
undnut, celery, cucumber, melon, strawberry, gar-
den berry, cabbage, etc. should be banned as they
are eaten raw. Cultivation of paddy in bunded
fields is likely to give rise to sanitation problems
and hence undesirable. Growing of non-edible
commercial crops like cotton, jute, fodder, milling
varieties of sugarcane and cigarette tobacco would
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be suitable, Cultivation of grasses and fodder
legumes, medicinal and essential oil yielding plan-
ts like mentha and Citronelia may be allowed.
Cultivation of cereals, pulses, potatoes and other
crops which are cooked before consumption
may be permitted, if sewage is treated and care
is taken in handling the harvests to ensure that
they are not contaminated. Cultivation of
crop exclusively under seed multiplication
programmes .would be advantageous as these
are not consumed. As an additional safeguard,
sewage irrigation should be discontinued at least
two months in advance of harvesting for fruits and
berries, one month for all kinds of vegetables and
a fortnight for all other crops. Direct grazing on
sewage farms should be prohibited.

21.4 DISPOSAL OF SLUDGE

In case of farms using settled sewage, the
sludge from the sedimentation tanks should be
mixed with manure or peat and composted for
which adequate land should be provided. The
duration of composting is so chosen as to ensure
complete dehelminthization of the sludge. The
composted material is applied on fallow fields
or in the farm itself.



CHAPTER 22
SEPTIC TANKS

Inruralareas and the fringe areas of suburban
towns and also in case of isolated buildings and
institutions, such as hotels, hospitals, schools,
small residential colonfes, underground sewerage
system with complete treatment of sewage may
be neither feasible nor economical. In such cases,
the generally accepted method of treatment and
final disposal of domestic sewage without giving
rise to public health hezard or nuisance is by the
use of septic tanks followed by subsurface disposal
of effluent. In areas with porous sofl, this method
gives satisfactory results. Septic tanks should be
Tocated as far away as possible from the exterior
of any building and should not be located in
swampy areas or areas prone to flooding. In
claysy, nonporous soils or where houses are closely
spaced, suitably designed leaching pits may have to
be used if septic tanks cannot be avoided. Leading
the septic efuents into opendrainage system is not
at all satisfactory as it would cause health hazards,
nufsance and mosquito breeding. When facilities
for connection to a sewzr are opened up, the
effluent from the septic tanks must be connected to
the sewers or preferably, direct connections may
b: taken since the latter would obviate the need
for separate arrangements of sludge removal.

A septic tank is a combined sedimentation
and digestion tank where sewage {s held for some
p:riod when the suspended solids settle downto the
bottom. This is accompanied by anacrobic diges-
tion of sludge and liquld, resulting in appreciable
reduction in the volume of sludge and release of
gases like carbon dioxide, methane and hydrogen
sulphide. The effiuent althongh clarified to som=
extent will still contain considerable amount of
dissolved and suspended putrescible organic solids
and viable pathogens and therefore the disposal of
effluent merits careful consideration. Because of
the unsatisfactory quality of the effluent and also
difficulty of providing a proper disposal system for
the effluent, septic tanks are recommended only
for individual homes and small communities and
institutions whose contributory population does
not exceed 300. For larger communities, provi-
sion of septic tanks should be avolded as far as
possible but may be extended to a population of
500 in undulating topography. For the septic tanks
to function satisfactorily, a fairly adequate water
supply is a prerequisite. Wastes containing ex-
cessive detergentsand disinfectants are not suited
for treatment in septic tanks as they adversely
affect the anaerobic decomposition.

22.1 DESIGN CRITERIA
STRUCTION DETAILS

Ratjonal design of a septic tank should b®
based upon the functions it is expected to perform,
viz., (1) sedimentation to remove the maximum
possible amounts of suspended solids from sewage,
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(it) digestion of the settled sludge resulting in a
much reduced volume of dense, digested sludge
and (iif) storage of sludge and scum accumulating
in between successive cleanings thereby preventing
their escape. Thus the tank should have an effec-
tive capacity Iarfe enough to provide for the
above three requirements.

22.1.1 Sewage Flow

The maximum flow to the tank fs based on the
number of plumbing fixtures discharging simuylta-
neously rather than the number of users and per
capita waste water flow expected to reach the tank.
For this purpose varlous sanitation facllitiessuch
as water closets, wash basins, baths, etc. are
equated in terms of fixture units (table 22.1).
A fixture unitis a standard receptacle which gives
a discharge of 10 lpm when flushed.

Table 22-1
Fixture Equivalents
Facility Equivalent Fixture
Unit
Water Closet . . . 1
Bath . . . . . 1/2
Wash basin/kitchen sink . 12
Urinal (with auto flush) . 1
Urinal (without auto flush) . 1/2
Slop sink . . * 1
Laboratory sink . . . 2
Combination fiixture . 1
Shower bath . . . 1
Bath tub . . . 2
Drinking fountain o e 1/2
Ablution tap . . . 1/2
Dish washer o e 1/2

The estimated number of fixture units and
the number of fixture units that contribute to the
peak discharge in small installations serving upto
50 persons, for residential housing colonles upto
300 persons and for eating establishments and
boirding schools are given in tables 22.2, 22.3 and
22.4.

Table 22.2
Estimated peak discharge for small tanks upto
50 users
Number of Number of  Probable no. Probable
users fixture of fixture units peak dis.
units discharging si- charge (Ipm)
multaneously
BS 1 1 10
10 2 2 20
15 3 2 20
20 4 3 30
25 5 4 40
30 6 4 40
35 7 5 50
40 8 6 60
4s 9 6 60
50 10 7 v
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Table 22.3

Estimated peak discharge for restdential housing

colonles

Number of Number of Number of Probable peak
users Households  fixture discharge (1pm)
units (based on 60%

_ fixture units

discharging si-

multaneously)

100 20 40 240

150 30 60 360

200 40 80 480

300 60 120 720
Table 22.4

Estimate ' peak discharge for eating establish-
ments, Boarding Schools and Similar

Establishments
Number W.C. Bath Wash No. of Probable
of basin/ fixture peak dis-
Users kitchen  units charge
sink (Ipm)I
(based on
70% of
fixture
units dis-
chargingy
simultane-
ously)
50 6 6 6 12° 84
100 12 12 12 24 168
150 19 19 19 38 266
200 25 25 25 50 350
300 37 37 37 74 518

22.1.2 Tank Dimensions

22.1.2.1 Sedimentation

Both surface area and detention or depth are
important factors in the settling of flocculant
particles such as sewage solids. For average Indian
conditions at a temperature of 25° C, the surface
area required will be 0-92 m? for every 10 Ipm
peak’flow rate. This is based on 75% removal of
sewage particles of size 0:05 mm and above with
a specific gravity of 1-2. A minimum depth of
sedimentation of 25—30 cm is necessary. The
length is maintained 2—4 times the breadth.

22.1.2.2 Sludge digestion

The fresh sludge must stay in the tank long
enough to undergo satisfactory anaerobicdigestion
50 that as much of the organic matter as possible
may be destroyed and the sludge may become
innocuous and suitable for dewatering or drying.

The time required for digestion is temperature
dependent and as seen from figure 22.1, the deten-
tion time in a septic tankican be computed on the
basis of annual average temperature.

The per capita suspended solids entering the
septic tank may be taken as 70 gm/day. Assuming
that 60 %, of the solids is removed along with fresh
sludge, of which 70% is volatile, with a solids
content of 5% or moisture 95%, the volume of
fresh sludge works out to 0-00083 m3/cap/day.
Considering that 2/3 of the volatile matter is
destroyed of which 1/4 is mineralised during diges-
tion and solids content of 13% in the digested
sludge, the volume of the digested sludge works out
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to 0-0002 m®/cap/day. The digestion zonc con-
tains both fresh and digesting sludee and hence the
digestion space should provide for the average
volume of the mixture of fresh and digested sludge
which works out to 0000515 m?/can/day. Based
on the period of digestion, the capacity needed for
the digestion zone could be determined. From
Figure 22-1 at 25°C the capacity required for
sludee digestion works out to 63x0:000515=
0-032m3/capita.
22.1.2.3 Sludge and scum storage

Adeauate provision should be made for the
storage of digested sludee and scum in the tank as
otherwise their accumulation interferes with the
efficiency of the tank by encroaching upon the
space provided for sedimentation and digestion.
A sludee storags capacity of 0-0002 x 365 % 100=
7-30m3/100 pzrsons for an interval of cleaning of
one year is provided below the sedimentation zone.

22.1.2.4 Total capacity ‘

The tank should also provide for a free
board of not less than 30 em. which should be
sufficient to include the depth of scum above the
liquid surface. No additional capacity for seed—
sludge need be provided, if care is taken during
desludging to leave about 5 to 109 digested sludge
or a minimum of 25 to 50 mm depth of sludge on
the tank bottom. When the cleaning is annual,
the total tank capacity at 25°C for 10 persons
will be about 2:15 m3 based on different require-
ments as follows @

(i) Sedimentation—Probable peak
flow 20 1pm—Area required at
0.92 m?/10 1pm =1.84 m?
Providing a depth of 30 cm,

volume=1.84%0.3 0.55m?®
(ii) digestion 0.32 ms
(ii0) Sludge storage 0.73 m?

(iv) free board including 0.25 m®
for seed sludee (1.84%0.3) 0.55m®
ToTAL 2.15md
A septic tank designed on the criteria discussed
normally provides a detention neriod of 24 to 48
hours based on an average dailv finw of sewags.
However, since the average daily flow varies so
widely from one installation to anotter, detention
period should not be considered as an important
criteria for design of septic tanks.

22.1.3 Coustraction Details

The inlst and outlet should not be located
at such levels where the sludge or scum is formed
as otherwise, the force of water entering or
leaving the tank will unduly disturb the sludgs
orscum. Further, to avoid short circuiting, the
inlet and outlet should be located as far away
as possible from each other and at different
levels. Baffles are generally provided at both
inlet and outlet and should dip 25 to 30 cm, into
and project 15 cm above the liquid. The baffles
should be placed at a distance of one fifth of the
tank length from the mouth of the straight inlet
pipe. The invert of outlet pipe shounld be placed
atalevel 5to7 cm below the invert level of inlet
pipe. Baffled inlet will distribute the flow more
evenly along the width of tank and similarly a
baffled outlet pipe will serve better than a tee-pipe
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For larger capacities, a two-compartment
tank constructed with the partition wall at a
distance of about two-thirds the length from the
inlet gives a better performance than a single
compartment tank. The two compartments
should be interconnected above the sludgs
storage level by means of pipes or square open-
ings of dia or side length respectively of not less
than 75 mm.

Bvery septic tank shall be provided with
ventilation pipes, the top being covered with a
suitable cags of mosquito proof wire mesh.
The height of the pipe should cxtend at least
2m above the top of the highest building
within a radius of 20 m.

Septic tanks may be constructed by brick
work, stone masonry or concretz cast in situ
or precast materials. Precast household tanks
made of materials such as asbestos cement could
also be used, provided they are watertight and
possess adequate strength in handling and ins-
}alling and bear the static earthand superimposed
oads.

All szptic tanks shall be provided with
watertight covers of adequate strength. Access
manholes of adequate size shall also be provided
fo:xk purposes of inspection and desludging of
tanks.

The floor of the tank should be of cement
concrcte and sloped towards the sludgs outlet.
Both the floor and side wall shall be plastered
with cement mortar to render the surfaces
smooth and to make them watertight,

22.1.4 Sludge Withdrawal and Disposal

The digested shidge shall be withdrawn
through a dip pipe of not less than 15 cm dia
under a hydrostatic pressure of at least 45 cm.
The sludge pipe shall deliver the sludg: to the
sump and be provided with a delivery valve
to draw the sludge as required. The sludge
may be disposed of in covered pits or into a
suitable vehicle for removal from the site.
Spreading of sludge on the ground in the vicinity
should not be allowed. Portable pumps may
also be used for desludging in which case there
will be no need for sludge pipe or sludge sump.
As far as practicable manual handling of sludge
should be avoided.

Half yearly or yzarly desludging of septic
tank is desirable. But if it is not feasible or
economical and if thereis difficulty to find labour
for desludging, small domestic tanks should be
cleaned at least once in 2 to 3 vears, provided
the tank is not overloaded due to use by "more
than the number for which it is designed. A
portion of the sludge not less than 25 mm in
depth should beleft behind in the tank bottom
which acts as the seeding material for fresh de-
posits.

22.2 SECONDARY TREATMENT AND
DISPOSAL OF EFFLUENT
Although sewage undergoes treatment in a
septic tank, the cffluent may still contain patho-
genic organisms andthence septic tank effluents
cannot beconsidered safe. The effluent coming
out of the tank will be septic and malodorous
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and hence more objectionable than the liquid
that goes into the tank. This however, does
not mean that the tank has no value. Its primar

purpose is to condition the sewage so that it will -

cause less clogging of the dispersal field or make
it more amenable to other treatment. Final
purification of the effluent and the removal and
death of pathogans is effected by percolation
through the soil or other media.

In general, the disposal of efluent may be
either underground or overground. Normally
underground disposal either in the form of
soak pits or dispersion trenches is practised.
Both these methods are designed to achieve
subsurface percolation or seepage into the soil.
Satisfactory disposal therefore depends, to a
great extent, on porosity and percolation charac-
teristics of the soil. In addition, other factors,
such as, level of subsoil water table, the cllmatic
conditions, presence of vegetation, aeration of
soil and concentration of suspended solids in the
effluent also influence the application of these
methods. Soakpits or dispersion trenches
can be adopted in all porous soils where perco-
lation rate (as discussed in the Appendix—21)
is below 25 minates per cm and the depth of
water table is 180 cm or more from the ground
level. Dispersion trenches should be preferred
insoils with percolation rates between 12 and
25 minutes if adequate land is available, 1n areas
with higher water table, dispersion trenches
should be located partly or fully above ground
level, in a mound.

The subsoil dispersion system shall be at-
least 20 m away from any source of drinking
water. It should also be as far away as possible
from the nearest dwellings but not closer than
6 m to avoid any corrosive effect due to tank
gases vented into atmosphere. Subsoil  dis-
persion system is not recommended in limestone
or crevice rock formations where there may be
solution cavities which may convey the pollu-
tion to long distances and pollute water resour-
ces. In impervious soils such as dense clays
and rocks, where percolation rates exceed 25
minutes, adoption of upflow or reverse filters,
trickling filters, subsurface sand filters or open
sand filters followed by chlorination should be
considered, particularly for larger installations.

In the absence of information relating to
ground water or subsoil, subsurface explora-
tions are necessary. Percolation tests as des-
cribed in Appendix—22 determine the accepta-

bility of the site and serve as the basis of design’

for liquid absorption. The total subsurface
soll area required for soak pits or dispersion
trenches is given by the empirical relation :
Q=130/+/t
where . .
Q=maximum rate of effluent application in
Ipd/m? of leaching surface; and
t=standard percolation rate for the soil in
minutes.

In calculating the effective leaching area.

required, only area of trench bottom in case
24—480 M. of W&H/ND/79
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of dispersion trenches and effective side wall
area below the inlet level for soak pits should
be taken into account.

22.2.1 Soak Pits

Soak pits or seepage plts are cheap to cons-
truct and are extensively used. They need no
media when lined or filled with rubble or brick-
bats. The pits may be of any regular shape,
circular or square being more common. When
water table is sufficiently below ground level,
soak pits should be preferred only when land is
limited or when a porous layer underlies an
impervious layer at the top, which permits
easier vertical downward flow than horizontal
spread out as in the case of dispersion trenches.
Minimum horizontal dimension of soak pit
should be 1 m, the depth below the invert level
of inlet pipe being atleast 1 m. The pitshould
be covered and the top raised above the adja-
cent ground to prevent damage by flooding.

22.2.2 Dispersion Trenches

Dispersion  trenches consist of relatively
narrow and shallow trenches about 0-5 tolm
deep and 0-3 to 1 m wide excavated to a slight
gradient of about 0:259%,. Open jointed ear-
thenware or concrete pipes of 70 to 100 mm
size are laid iathe trenches over a bed of 15 to
25 cm of washed grav:l or crushed stone. The
top of pipes shall be covered by coarse gravsl
and cryshed stone to a minimum depth of 15 cm
and the balance depth of trench filled with ex=
cavated earth and finished with a mound above
the ground level to prevent direct  flooding of
trench durfing rains. The effluent from the
septic tank is led into a small distribution box
from which several such trenches could radiate
out. The total length of trench required shall
be calculated from the equation (22—1) and the
number of trenches worked out on the basis of a
maximum length of 30 m for each trench and
spaced not closer than 2 m apart. Parallel
distribution should be such that a distribution
box should be provided for 3 to 4 trenches.

22.2.3 Upflow Filter

The upflow filter can be successfully used
for secondary treatment of septic tank effluent
fn ar=as where dense soil conditions, high water
table and limited availability of land preclude
soil absorption or the leaching system for efflu-
ent disposal. It is a submerged filter with stone
media and thz septic tank effluent {sintroduced
from the bottom. The microblal growth is
retained on the stone media making possible
higher loading rates and efficient digestion.
The capacity of the unitis 0-04 to 0-05 m?® per
capita or 1/3 to 1/2 the liquid capacity of the
septic tank it serves. BOD removals of 70 %
can be expected. The effluent is clear and free
from odour and nuisance. This unit has several
advantages viz. (a) a high degree of stabilisa-
tion; (b) little sludge production; (c) low capital
and operating cost; (d) low loss of head in the’
filter (10 to 15 cms) in normal operation.



CHAPTER 23
PLANT OPERATION AND MAINTENANCE

Maintenance comprises those operations
which serve to keep equipments and processes
functioning properly ~ without {nterruption.
It can be classified as (a)“preventive maintenance
which constitutes works and precautions to be
taken to prevent breakdown and (b) correc-
tive maintenance which involves carrying out
repairs after breakdown. Preventive maln-
tenance Is more econmomical than corrective
maintenance and provides uninterrupted service
which Is essential to achieve the basic objectives,
of treatment, viz., protection of health of the
community and prevention of nuisance.

The primary aim of sewage treatment
plant operation is the maintsnance and running
of the plant efficlently and economically, so
that the effluent from the plant meets the regu-
latory ‘standards and could be discharged safely
on land or into water bodles.

The basic requirements of successful opera-
tlon and maintenance of sewage treatment
plants are ¢

(1) a thorough knowledge of the processes
and equipments;

(if) proper and adequate tools;

(i) adlequate stock of spare parts and chemi-
cals}

(iv) assignment of specific malntenance
responsibilities to operating staff;

(v) systematic and periodic inspection and
strict adherence to serviclng schedules;

(V1) training of all operating staff in proper
operating procedures and mafntenance
practices;

(vii) overall supervision of operatjon and
malintenance schedules; and

(vill) good house keeping.

The maln units of the plant are designed for
maximum efficiency within a certain flow range
and sewage quality. Close control and coordi-
nation of operation of different units are there-
fore required within thelimits of design. Hence
accurate measurements of flow of raw sewage,
settled sewage, air, mixed-liquor, sludge and
final effluent are required. For this purpose
flow measuring devices and meters, preferably
of the indicating and recording types, are pro-
vided to gufde the operator in his supervision
and to obtaln data for progressive improvement.
For quallty control, analysis of sewage, sludges,
etc., as they pass through different units of the
treatment plant and of the effluent should be
carried out on a regular basis. Proper record-
ing of datais essential foranaccyrate assessment
of efficiency of operation. On the chemica)

side, dosages must be closely and accurately
proportioned to ths varying rates of flow of
sewage and slgdge. ‘

Better plant operation is possible only
when the operator is fully conversant with
the characteristics and composition of sewage
handled and the results achieved during each
stage or unit of the treatment process.

Operation and preventive maintenance of
several treatment units and the frequency of
cleaning, lubrication of mechanical equipments
etc., are to be strictly adhered to if optimum
results are to be expected.

23.1 TREATMENT UNITS

23.1.1 Screens

Hand cleaned screens should be cleaned
as often as required to prevent backing up of
sewage inthe inlet sewer.

Mechanical screens should be kept properly

lubricated as per Instructions of the manu-

facturers. The entfre mechanism should be
painted at least once a year. Slack {in chalns
should be promptly replaced with spare links.
Periodic inspection of mechanical and automatic
screens Is essential to ensare that the equipment
{s functioning properly.

Screen chambers should be hosed at least
once aday to keep clean and the walls should
be scrubbed at least once a week.

Prompt and hygienic disposal of screenlngs

is necessary. Mechanical screens may discharge
screenings into wheel-barrows or closed cans,
Burlal {s the most common method of disposal.
Composting with city refuse, trenching wunder
earth cover and inclneration can also be adopted.
Where shredders are used, screenings should
be washed to remove grit to prevent wearing
of the cutting edges of shredders.

Dally record of operations should be maln-
tafned to show frequency of cleaning, volume
of wet screenings removed and dafly power
consumption for mechanically opsrated screens.
Besides, record should also be made of time-
settings between strokes for mechanically opera-
ted screens.

23.1.2 Grit Chamber

The frequency of grit removal should be
adjusted such that the storage compartment is
never more than about halffull at any time.
Cleaning of grit chamber becomes essential
after a heavy storm, particularly when sewage
is received from a combined sewerage system,
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In manual cleaning, the flow is shut off, the.

chamber emptied by gravity or pumping and the

grit hauled by using long handle shovels, paifl

buckets and wheel-barrows. The operator must
always use gumboots and hand gloves. At least
t;vo men should be present during cleaning opera-
tions.

Inspection of mechanically cleaned grit cham- °

bers conslsts of disposal of washed grit, lubrication
of mechanical equipments as per manufacturers’
schedule and routine inspection.

Grit should be disposed Tof by burial an
should not be thrown on ground.

The record of operation should show the dates
of cleaning, amount of grit removed, flow through
the chamber between cleanings and method of
disposal of the grit.

23.1.3 Sedimentation Tanks
23.1.3.1 Sludge

Sludge removal should be sufficiently frequent
to avold development of septic conditions.

Sludge is removed continuously in some plants
and 2 to 4 times a day in others. Continuous
removal reduces floating scum and results in 2
thick sludge.

Sludge from the primary sedimentation tapk
fs drawn from the sludge sump by means ofa pump
discharging into digesters. Sludge from secondary
settling tanks is pumped partially to aeration tanks
and partially to primary sedimentation tanks.
While drawing the sludge, the operator should take
samples and adjust the pump capacity according to
quantities required for feeding the digester or
returned to aeration or primary sedimentation
tanks. Excessive sludge pumping and withdrawal
of watery sludge should be avoided. When the
sludge is drawn by hydrostatic pressure, the valve
on the pipe is opened partlyand the sludge allowed
to flow out. When the sludge becomes thick the
valve should be closed. Most plants utilizing this
method are so designed that the operator can see
the sludge as it is being drawn and judge when the
valve should be closed,

In sedimentation tanks provided with mecha-
nical sludge scrapers, sludge may be withdrawn
continuously or at predetermined intervals by
automatic starting and stoppage of pumps. The
setting of this equipment should be periodically
checked,

23.1.3.2 Skimmings

Floating materfals collecting on the surface of
primary sedimentation tanks are removed by
skimming devicss operated mechanically. Where
such mechanical skimmers are not provided,
manual removal byascum shovel atleast once a day
is recommended. In mechanical skimming device,
the skimmer brush trips the scum into a scam
trough discharging into a sludge sump, from where
it is pumped along with the sludge. The skimmer
device should be inspected periodically and moving
parts Jubrlcated, o

23.1.3.3  Structures

The sidewalls of the settling tanks should be
such that collection of sollds, grease, oil and
aquatic growths are avoided. Collections, if any,
should be removed periodically by brushing and
hosing them down without disturbing the tank
contents. Dark floating matter and rising bubbles
on the surface indicate improper cleaningand in-
adequate sludge removal.

Inlet and outlet channels should be kept clean
and hosed at least once a wezk. All bafles should
be cleaned of any sticky materials and stringy
growths on the surface and edges.

The bearings, transmissfon. gears, traction
rollers, etc., should all be properly lubricated
as per the lubricating schedule suggested by the
n}anufacturers of skimmer and scraper mecha-
ofsms.

In addition, it is good practice to dewater
each clarifier atleast once a year to fnspect the sub-
merged portions of the mechanism such as flight
scrapers, squeeges, etc., repair or replace the worn-
out parts, check all nuts and bolts for tightness
and repaint, {f necessary. Motors should be checked
periodically for overload conditions and electric
wirlngs for proper {insulation.

23.1.3.4 Records

The dally operation records should show fre-
quency and method of cleaning, flow through
time, volume of sludge and scum removed and
percentage moisture in sludge, temperature and
pH of sludge and settleable solids both in sewage
and fn effluent from sedimentation tanks. The sys-
pended solids, BOD and COD of both {afluent
and effluent should be reported at least once a
week.

23.1.4 Aeration Tanks

The operagional varlablss in an activated
sludge plant include rate of flow of sewage, air
supply, MLSS, aeration period, DO in aeration
and settling tanks, rate of sludge return and sludge
condition. The operator should possessa thor-
ough knowlege of the type of system adopted
viz., conventional, high rate, extended aeration
or contact stabilization, so that effective control
of the variables can be exercissd to achieve the
desired efficlency of the plant.

23.1.4.1 Sewage flow

Since the activated sludge treatment fs blo-
chemilcal in nature, conditions in the aeration tank
should be maintained uniform at all times. Sudden
increases fn rate of flow orslugs of flow of ac-
tivated sludged shouldjbe avolded. Supernatants
from digestsr containing more than 3000 mg/1
of SSiftaken into the settling tank, should be
pretreated as otherwise a heavy load will be im-
posed on the activated sludge system. Weekly
or preferably daily measurements of sewage flow
and the BOD applied to the aeration tank
should be made.



1307

23.1.4.2  Air supply ,

Frequent checks of DO at various points in
the tank and at the outlet end which should not
be less than 1 mg/1, will helpin determining the
adequacy of the air supply. Thz uniformity of air
distribution can be easily chzcked by observing
bubbling of the air at the surface, which should be
even over the entire surface arza of the tank. If
the bubbling looks uneven, clogging of diffusers is
indicated. Clogging isalso confirmed by the in-
crease of 0.11t00.15 kg/cm? inthe pressure gauge
reading, Adding chlorine gas to air mey help in
removing clogging of diffusers on air side if itis
due to organic matter. Other methods of cleaning
will have to be resorted to, if this procedure does not
clear up the clogging. Air flow meters should be
checked periodically for accuracy and hourly and
daily air supply and air pressures should bere-
corded to avold over-aeration or under-aeration.
Mechanical or surface aerators should be k:pt free
from fungus or algal growths by cleaning them
periodically.

23.1.4.3 Mixed liquor suspended solids

Control of the concentration of solids in the
mixed liquor of the aeration tank is an important
operating factor. Although it is most desirable to
hold the MLSS constant at the suggested rates, it
fs not practicable as it involves frequent measure-
ments of SS likely to be affected by the varying
hourly rates of return sludge. The test for MLSS
should be done at least once a day and the hour of
test should be so chosen that the sewage flow for
the previous several hours is more or less of the
same pattern each day. Usually 8 to 9 A.M. will
be the most satisfactory hour. Asthe MLSS will
be minimum when the peak flow starts comingin
and will be maximum in the night hours when the
flow drops, the operating MLSS value would be
the average hourly value in a dey which should
be verified atleast once a month. In case of very
large plants regular hourly check is desirable.

23.1.44 Return sludge

The return sludge pumps provided in multi-
ple units should be operated according to the in-
crease or decrease in return sludge rate of flow re-
quired to maintain the necessary MLSS in aeration
unit, based on the sludge volume index. The sludgs
volume index should be determined daily to know
the condition of the sludge. A value of over 200
definitely indicates sludge bulking.

When sludge bulking occurs, the suggested
remedies are : (i) reduction in rate of sewage flow
into aerationtanks; (ii) redyctioninratio of return
sludge; (iii) increase inair supply or (iv) dilution of
Aincoming sewage. Chemicals that may be used to
reduce bulking are chlorine, lime (raising pH to
8.6 to 8.8) or chlorinated coppers. These are
added to the return sludge insmalldosestoensure
that they do not become toxic to micro-organisms.

A good operatioa calls for prompt removal of
exczss sludge from the s:condary tanks to ensure
that the sludge is fully aerobic. This should be
measured daily and recorded. T he excess sludge is
‘usually taken into primary clarifier for further

-treatment in digesters or disposed of otherwise,

23.1.4.5 . Foaming

. Foaming or frothing Is sometimes encountered
inactivated sludge plants when the sewage contains
materials which reduce the surface tension, the
synthetic detergents being the major offender.

Froth, besides being unsightly, is easily blown.

away by wind and contaminates all the surfaces it
comes into contact. It is a hazard to workmen
because it creates a slippery surface even after it
collapses. Foam problems can be overcome by

. the application of a spray of screened effluent

or clear water, increasing MLSS concentration,
decreasing air supply or application of a spray of
kerosene or addition of other spscial anti-foam
agents. The presence of synthetic anionic deter-
gents in sewage also interferes with the oxygen
transfer and hence reduces aeration efficiency.

23.1.4.6 Microscopic examination

Routine microscopic examination of solids
in aeration tank and return sludge to identify the
biological flora and fauna present, wiil enable a
good biologica] control of the aeration tanks.

23.1.4.7 Records

Activated studge operation should include re-
cording of flow rates of sewage and returnsludgs,
DO, MLSS and biological life, sludge age, air
supply rate and aeration period in hours, SS
BOD, COD and nitrates in both influent and
efRucat.

23.1.5 Trickling Filters
23.1.5.1 Distributors

All clogged spray nozzles or orifices {n the
revolving distributors should be cleaned as soon
as clogging is noticed. Dosing tanks should be
kept free from accumulation of deposits. Placing
of fine screens in the dischargzs channel of the sedi-
mentation tank prevents the entry of coarse solids
into the filter.

All parts of the filter bed should receive equal
loading which should bz tested periodically by using
watertight pans of standard size 90 cm x 120 cm
set flush with the top of filter media, end to end,
along the radius. The media surface shall be divi-
ded into two concentric circles with the area of the
inner being 109 of the total area covered by the
distributor. The sewage collection in the pan for
10 revolutions of the distributor when the air is
still, is measured. The rate of distribution should
not vary more than 4- 5%, from the meanrate of
distribation in the outer 909, area and & 109
in the inner 109 area.

Rotary distributors should be inspected daily
for the purpose of keeping all nozzles cleanand in
operating condition, keeping the arms level by
adjusting buckles on the guy rods or cables and
keeping the guide rollers in proper ad justment.
It is advisable to take out each rotary distributor
once a year to paint all sarfaces with an anticor-
rosive black paint.

In cold climates, spray nozzles should be kept
free from freezing by operating the drain valve at
the terminal end of the distribution system,

#



Where dosing tanks with siphons are installed,
adequate head should be maintained in dosing
taaks. Siphons should be checked for air leaks.
Grease and solids accumulate in the dosing tank
during high water level and pass iato the siphon
and clog nozzles. Hence, periodic cleaning of
dosing tanksis necessary.

23.1.5.2 Ponding

Pools or ponds sometimes form on the surface
of the filter. This is due to organic growth or re-
tained organic matter from poorly settled sewage.
Sometimes, this is due to careless dumping of
fins material in one place, at the time of placing
media in the filter box. Inmany casesthe trouble
lies in the top layer of the media and forking or
raking the edia to a depth of 20 to 30 cm will

effectively remove ponding. Washing the filter

media with a jet of water or giving rest to the filter
for 2 to 3days mayalso be effective. Prechlorina-
tion of sewage or application of caustic soda upto
10 mg/1 has also been tried with success to elimi-
nate clogging and ponding problems. When using
chemicals, treatment may be given for 8 hour
periods on alternate days.

23.1.5.3 Underdrains

Filter underdrains should be insp:cted fre-
quently for clogging. If clogging is evidenced by
reduced flow from any drain, this should be
flushed and cleaned with sewer rods.

23.1.5.4 Odour

Odours from septic sewage must be controlled
by eliminating the causes before sswage reaches
the spray nozzles, prechlorination being probably
the most effectivz in controlling odour.

23.1.5.5. Filter flies

Psychoda filter flies sometimes infest the
tilters and cause not only nuisance to the workers
but also clog the beds. Flooding the bed for 24
hrs at intervals of 9 to 10 days, application of chlo-
rine atarate of 3to 5 mg/l or gammexane at
a rate of 180 g/ha or D.D.T. at a rate of 3-10
k g/ha of wall surface once a week are the methods
available for flushing of the larvae. Adult flies
are controlled by pyrethrum spray. Allowing the
bed to dry is not a good practice as it will inacti-
vate the microorganisms.

23.1.5.6 Records

Opsrating records should show the units. of
filter in service each day, the number of nozzles
cleaned, the dates of cleaning the distributors and
underdrains and the rates at which the filters were
operated. In the case of high rate filters, recircu-
lation pumps should be operated according to the
time schedulz. Quantity recirculated and hours of
recirculation should be properly recorded. Dates
oa which measures were taken for correction of
pooding and psychoda control should also be
recorded.

23.1.6 Sludge Digestion Tanks

Sludge should be added according to a set
schedule preferably spread over as long a period
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as possible. Sludge withdrawals should not be
excessive since this may lead to retardation of di-
gestion.

23.1.6.1 Digester operation

For start up, digester tanks with fixed covers
should be filled initially with water, sludge or se-
wage to expel air. In tanks with floating cover,
the cover should be brought down to the lowest
point before filling of the tank is commenced.
In order to reduce initial lag period, raw sludge
mixed with digested sludge in the ratio of 2:I to
4:1 may be pumped to the digester so that alkaline
digestion starts within a few days after loading.
The addition of fresh sludge should commence
only after this stage. If digested sludge is not avai-
lable, raw sludge alone is pumped and kept for
2 to 3 weeks before the digester can be loaded.

. Open digesters can be charged directly.

The raw sludge feeding rate should be such
that the volatile solids in the digester should not
exceed 3 to 59 so that digestion is not inhibited.
Generally a loading rate of 1 to 2 kg of fresh
solids to every 40 to 50 kg of digesting volatile
solids should be the ratio to maintain a uniform
digestion rate.

Where digesters are equipped with mixing
devices, they should be operated in accordance
with the manufacturer’s instructions. Where faci-
lities for recirculation by pumping exists, they
should be used for mixing digester contents, brea-
king down scum, mixing lime with sludge for pH
adjustment etc.; where there is no mixing and reci-
rculation facility, the operator has to rely upon
natural mixing of raw and digested sludge in the
digestion unit.

Generally heating of digesters by providing
internal or external heat exchange units is not re-
quired in many parts of the country. But where
they are installed, the temperature of the hot
water pumped through, should not be above 55°C
to prevent sludge caking on the outer surface of
coils causing loss in heat transfer efficiency. Diges-
tion is generally carried out in the mesophilic range
and the temperature of sludge generally varies
from 25°C to 35°C. Thermometers to record tempe-
rature of sludge should be kept in order and
reading noted twice or thricea day.

Sludge should be withdrawn from the digesters
only when it is fully digested, judged by the dark
greyish brown colour without visible raw sewage
sludge solids. Sludge should be sampled and tested
to find out the condition before withdrawing,
Generally not more than 109 of the capacity of
digester should be drawn at atime, sludge with-
drawn being limited by the capacity of the sludge
drying beds.

Frequent pH tests of the sludge should be made
and this should be correlated with the alkalinity of
the supernatant of the sludge which may range
from 1500 to 3000 mg/1. This affords and excellent
check on operation. Digestion proceeds most fa-
vourably at pH values of 7.0 to 7.6 preferap]
above 7.2. If the pH is below 7.0, it is usuanyy



desirable to raise the pH by adding lime to the
sludge as it enters the digester. The alkalinity of
the supernatant is a useful guide to control the
dosage. A start may be made using 20 to 40 kg of
lime per m?® of sludge, with more added if the pH
value or alkalinity does not rise appreciably in a
few days. The lime can be added at the sludge
pump or in the recirculation pump as recirculation
is helpful in bringing about mixing. In many plants,
the first year of operation is generally trouble-
some.

Difficulties in the digestion tanks such as foa-
ming due to overloading or accumulation of acid
sludge or excessive formation of H,S have to be
corrected by neutralization and adjustment of pH.
H,S in moist gas leads to corrosion of meters,
piping and flame trap through which the digester
gas is drawn. This can be overcome by the removal
of the H,S by passing the gas through iron oxide
or other scrubbers or by heating the gas to a high
temperature to eliminate moisture in it,

Where digester gas is utilised for heating di-
gesters or operating gas engines, etc., the equip-
ment supplied for handling the gas should be in-
stalled and operated'strictly accordingto manufac-
turer’s,instructions. As the gas is highly explosive,
ordinary plumbers should not be engaged in correc-
ting any defects in the gas collection system,

Gas pipes should be kept free from sediments,
gas meters being periodically lubricated and fusi-
ble plugs in the flame traps frequently checked.

If the pumping of the supernatant liquor, ha-
ving very high BOD and SS, into sedimentation
tank adversely affects it, the liquor may be trea-
ted on sand beds or discharged separately.

23.1.6.2 Records

Records of the pump capacity and the pum-
ping hours of the sludge from settling tanks to the
digester should be maintained. The temperature
and pH values of sludges should be recorded
daily. The dates of withdrawal of sludge, amount
drawn, amount of sludge loaded on drying beds
.and the depth of loading should be recorded.
Records of daily estimation of per cent dry solids
in raw sludge, total and volatile solids in the
digesting and digested sludges, volatile acids in the
digesting sludge and BOD and SS of supernatant
should also be maintained. Daily records of the
gas production as measured through gas meters
‘and weekly records of gas analysis for percentage
composition of methane should be maintained
particularly ~ where gas is utilised to produce
energy.

23.1.7 Sludge Drying Beds
Sludge that is drawn to the beds should con-

tain 4—10 % solids depending upon the type of .

sludge. Excess water must be removed by sludge
thickeners, if necessary.

Wet sludge should be applied to the beds to a
depth of 20 to 30 cm. Aftereach layer of dried
Judge has been removed, the bed should be raked

i
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and levelled. Sludge should never be discharged
on a bed containing dried or partially dried sludge.
Itis preferable to apply the sludge at least a day
or two after the sludge cakes are removed.

Removal of dried sludge from bed surfaces
should be done with a fork, taking care that as
little as possible of the sand is removed. When
the sand layer is reduced to as low as 8 to 10 cm,
it should be examined for clogging by organic
matter and if found so, the entire sand should be
removed and the bed resanded to the original
depth of 20 to 30 cm.

The dried sludge cakes should be ground,
sieved and bagged for sale as fertilizer. Some part
of the sludge should be used in the plant itself
for gardening, lawns, etc. to demonstrate its ferti-
lizer value and to develop a market value for
the digested and dried sludge.

Records of operation of sludge drying beds
should show the time and quaatity of sludge
drawn to each bed, the depth of loading, the depth
of sludge after drying time and the quantity of
dried sludge removed. The solids content of wet
digested sludge, its volatile portion and pH should
be determined and recorded. Likewise the mois-
ture content and fertilizer value in terms of NPK
of dried sludge should also be analysed and re-
corded.

23.1.8 Stabilization Ponds

As stabilization ponds require comparatively
less operation and maintenance, they are often
neglected with the result that several failures have
been reported. Hence proper supervision and good
housekeeping are needed to ensure that the ponds
are well preserved and the expected performance
is attained.

23.1.8.1 Operation

Before the pond is put into opcration the
bottom is cleared of vegetation and debris. Raw
sewage is then admitted to stand to a depth of 15
to 30 cm, small quantities of sewage being added
each dayto maintain this depth till algae esta-
blishes itself naturallyina week or two. After
ensuring the establishment of algae, the pond is
gradually loaded to raise the water level by 15 cm
each day till the entire pond is filled. The pond is
then given rest for 2 to 3 days to easure optimum
growth of algae before loading the pond for
continuous operation at the designed flow.

If necessary and if algae is readily available
the pond may be seceded by spreading a bucket-
ful of algal culture all over the pond.

Ponds treating industrial wastes or a combi-
nation of sewage and industrial waste, may need
acclimatization of algal species and addition of
putrients if found deficient.

The bunds should be inspected for the con-
dition of the berms, for any burrows by rodents,
condition of pitching and erosion due to wind,
wave action and rain. Any defects noticed should
be promptly set right.
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Ponds should be inspected for characleristic
changes in colour and odour. A change in colour
or odour in all probability forecasts major change
in the performance of tne pond system. Odour may
be caused by the setting in of anaerobic conditions
or entry of industrial waste or overloading. Golour
changes may be caused by change in volume of in-
flows, organic loads, temperature, transparency
of liquid or light intensity. An aerobic or faculta-
tive pond functioning properly will look green on
the surface. If the colour changes from green to
black accompanied by floating matter, it may be
due to too rapid fermentation of bottom sludge,
frequent changes in characteristics of incoming
waste or overloading. Anaerobic lagoons look
greyish pink or light pink. If the ponds turn deep
red, an invasion by sulphur bacteria is indicated
and the sulphate contents of the incoming wastes
should be coantrolled.

The pond should be regularly cleared of floa-
ting mats of algae at the corners and sides. All
marginal growth of weeds and vegetation should
be removed by suitable implements, Herbicides
should be used only when the growth is unwieldy
and cannot be effectively cleared by manual or
mechanical means. The overgrown and dead grass
on slopes should be periodically cut and removed.

Access roads, fencing, etc. should be inspected
regularly and repairs, if needed, should be attend-
ed to promptly.

Maximum, average and minimum daily flows
into the pond over the weir or parshall flume ins-
talled at the entry to the ponds are measured and
recorded periodically,

In small installations, where there is no facility
for analysis, samples of influent, and effiuent
should be collected at least once a month or when
the pond condition appears to deteriorate visibly
and got analysed at the nearest laboratory.

In large plants, where a laboratory is always
attached, daily analysis should be carried out. The
tests to be conducted may include all or a few
of the following depending on the nature of the
waste, size of the plant and the quality of effluent
required: (1) BOD, COD, MPN of coliform
organisms total, suspended and volatile solids for
both influent and effluent; (2) diurnal variation of
pH and DO in the pond; - (3) total organic nitro-
gen, ammonia, pitrates and phosphates- of efflu-
ent if used as irrigants and (4) on anaerobic
ponds, oxidation reduction potential (ORP).

Overloading of ponds leads to anaerobic con-
ditions. When a pond becomes anaerobic due to
overloading, measures should be taken to rectify
it immediately by adding sodium nitrate to supple-
ment oxygen, agitating the surface, recirculating
itihe pond effluent or bypassing a portion of the

oW,

Mosquito breeding in the pond should be pre-
vented by removing all weed growth and marginal
vegetation, using larvicidal measures only as a last

resort. Seeding the pond with sufficient numbet
of water minnows, such as gambusia, which feed
on larvae and eggs of mosquitoes may keep the
mosquito population under control.

Fly breeding may be another problem in badly
maintained ponds. Good house keeping and pro-
per operation is essential to avoid fly breeding.
Floating matter and scum should be removed
daily, or broken down and drowned by a water
spray. :

In general, a well maintained pond with clean
surroundings, free of water collections, debris,
etc., and a little bit of gardening and landscaping
will present aesthetic sight.

23.1.8.2 Records

Operation records should include daily inflow
rates, daily or weekly or monthly analysis of in-
fluent and effluent, diqrnal variations of the tem-
perature, pH and DO in the ponds, dates and
nature of maintenaace repairs, dates of clearing
of weeds, vegetation, etc.

232 BUILDINGS AND EQUIPMENT
23.2.1 Buildings and Other Stractures

All bulldings and structures should be well
ventilated and illuminated, They should be main-
tained and kept in good repair, white or colour
washed with metallic parts being p2inted annually.
The effect of corrosive gases like H;S could be
minimised by proper ventilation, proper collection
and disposal of corrosive gases and painting the
structures which are prone to be attacked by the
gas, with anticorrosive paints. Dampness inside
buildings could be reduced by proper ventilation.

23.2.2 Equipment

The Operator should malataina book of cata-
logues supplied by manufacturers contalning ins-
truction sheets of all equipments. In addition,
printed or written operating and maintenance sche-
dules should be posted near each equipment in the
language understood by all operating staff.

Lubricating schedules, cleaning and painting
schedules, checks for efficiency, leaks and wear
and tear and testing of safety devices, should
be followed strictly according to manufactyrers
instructions.

All meterfng dévices such as weirs and -float
gauges should be maintained in proper working
condition. Charts should be changed at the same
hour every day. Records maintained should show
total, maximum and minimum rates of flow..

Operating, lubricating and maintanance ins-

“tryctions for all pumps should be strictly followed.

Special attention should be given to maintaining
centrifugal pumps inan efficient operating condi-
tion, free from clogging, excessive friction or en-
trance losses and abnormal power consumption due
to worn out or improperly designed impellers.

Wet wells should be drawn to the minimum
elevation only and all accumulations of grease
and other deposits removed promptly.
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Floats and sequence switches controlling the
pumping cycles should be examined at the bzgin-
ning of each shift. All pumps including standby
pumps should be operated in rotation so that the
wear and tear is distributed evenly.

All bearings, motors and electrical control
equipment should be inspected daily foraay over-
heating. The manufactyrer’s directions for opera-
tion and lubrication should be strictly followzd. Pac-
king glands should be checked for overtightening.
L.

Pumps may sometimes be affected by opera-
ting them for too brief intervals of less than a mi-
nute or two. A reversing switch must be installed
for dislodging the clogging materials.

Chlorination equipments should be properly
housed and reserve supply of cylinders, valves,
gaskets, etc., should always be available. Valves
and pipings should be regularly checked for leaks.
Leaks should be attended to as per the instructions
in the manufactyrer’s cataloguszs. Chlorine cy-
linders should be kept on scales and the weight
read each day as a check for the amount of
chlorine used. Gas masks must be gsed while
attending to chlorine leaks. Operation records
should show the volume of sewage chlorinated,
rate of application of chlorine, residual chlorine
in the plant effluent and the amount of chlorine
consumed each day.

23.3 SAFETY IN THE PLANT

The work of an operator ina sewage treatment
plant presents many hazards that must be guarded
against. Common type of accidents are injuries
from falls and deaths from drowning. Narrow
walks or steps over tanks (particularly indarkness,
rains and wind), ladders and spiral staircases are
potential danger spots where the operator should
be alert; overexertion during operation of valves,
movinog weights and performing other arduous
tasks should be avoided. All open tanks should be
.provided with guard rails to prevent accidental
alls. Glass parts as well as moving parts should
be screened or guarded.

Gas poisoning, asphyxiation and gas explosion
are other hazards. Hencz smoking or carrying
open flames inand around digesters should be
prohibited. Covered tanks or pits should be well
ventilated for several hours by keeping them open
or by blowing in air, as they present problems of
asphyxiation. Entry into them should be permitted
only after ensuring the safety.

Gas masks should be stored in locatioas where
no possibility of contamination by gas exists and
should be easily accessible. A first aid kit should
be available readjly at hand. Fire extinguishers of
the proper type should be located at strategic points
and maintained in good operating condition. All

staff should be trained in rendering first aid and
operating fire extinguishing equipment.

Adequate number of toilets and bathing faci-
litizs, drinking water facilities and lockers should
be provided for the convenicace of operating staff
and protection from risk of infection. Eating faci-
lities and canteens should bz provided with proper
sanitation where the number of workers per shift
is considerable. Suitable signboards at appropriate
places should b2 displayed drawing attention to the
potential danger spots.

All workers should bz compzlled to obszrve per-
sonal: hygienc suchas washingafter work as well
as washing before taking food. The usz of antiss-
ptics along with washing should be emphasized.
They should be examinsd medically at regular in-

zrvals and necessary cutative measures provided.

23.4 TRAINING OF PERSONNEL

The number and categories of opsrating staff
required for a sewage treatment plant varies from
plant to plant depending on ths type of treatment
facilities, the capacity of the plant, the degree of
treatm:nt required and the nature of efluent dispo-
sal. The personnel required may consist of a plant
superintendent, chemists, plant operators, mecha-
nics, weldcrs, helpers and unskilled labourers. All
operating staff engaged in technical and skilled
work should be trained. Large plants should be
headed by a plant superintendent who should have
the nccessary academic training in public heaith
engincering with considerable expzriencs in sewage
treatment. Other plants must be placed in charge
of a superintcndent, who should bz an engineer
with orientationin public health engineering with
experience in operation and maintenance of sewage
treatment plants. All junior, opzrating staff should
reccive inservice training. It is desirable that all
sewage treatment plants are run and maintained
by operators who hold certificates of competency.

23.5 RECORDING AND REPORTING

All pperating records of the various treatment
units in a plant should bs properly compiled ona
day to day basis and daily, monthly and yearly
reports prepared, maintained and periodically
reviewed. These reports will form a valuablz guide
to better operation and serve asan important
document in the event of a legal suit resulting from

-puisance or danger attributed to the plant or for

convincing the statytory authorities about the sa-
tisfactory performance of the plant.

23.6 CHECK LIST

‘Appendix-23 gives a check list of the operation
troubles normally encountered in the sewage treat-
ment plants along with the possible remedial mea-
sures.

>



CHAPTER 24
PLANT CONTROL LABORATORY

A well designed and adequately equipped la-
boratory under a competent analyst is essential in
all sewage treatment plants. Very small size plants
such as stabilization ponds ne2d not have their
own laboratories if the facilitiecs of a nearby la-
boratoryareavailable. The results of the laboratory
analysis will aid in the characterisation of any
waste water, pinpoint, difficulties in the operation
and Indicate improvement measures, evaluate the
composition of effluents and thus estimate the effi-
ciency of operation and also measure the probable
pollutional effects of the discharge of such effluen-
ts upon the receiving water courses. The analytical
data accumglated over a period of time is an im-
portant document in safeguarding the treatment
plaat from allegations of faulty operation. The
laboratory should also engage in research and spe-
cial studies for evolving improvements and inno-
vationsin the plant operation. The laboratory,
therefore must form an integral part of the
treatment plant.

24.1 gLANNING OF LABORATORY FACILI-
TIE

24.1.1 PHYSICAL FACILITIES

The actual design of the laboratory depends
on the size and type of treatment plants and type
and volume of analytical work required to be car-
ried out. Due consideration, therefore, should be
given to the space requirement for permancnt ins-
talled equipments and smooth performance of
analytical work by the personnel. Necessary provi-
sion for future expansions should also be incorpo-
rated in the laboratory design.

24.1.1.1 Size of'the laboratory

The size and equipments needed for the labo=
ratory depends on the magnitude of the treatment
plant. Even the smallest plant shall be provided
with a laporatory, where  atleast a few simple
analyses such as SS, pH, BOD, and residual
chlorine can be made. On the other hand. large
plants providing complete treatment may require
a well planaed laboratory building with facilities
for physical, chemical, biological and bacterio-
logical work. :

24.1.1.2  Location .

Laboratory should be easily accesible from
any unit of the plant and so located as to provide
adequate natural lighting (preferably north light)
and veatilatjon. It should be away from pumps and
other heavy operating machinery. It should be
housed in a separate building close to the admini-
gtration building.

24.1.1.3  Floor space

The minimum floor space required is 25 m2
More spaceis required to accommodate additional

equipment necessary to be installed in the room
and to avoid interferencs in the work, The width
of walkways between rows of tables or equip-
ments should be not less than 1.0 m preferably
1.2 m. Total floor space requirement of any work
room should be arrived at by accounting for space
requirements for all equipments and their place-
ment and the number of staff ytilising the
room.

24.1.1.4 Walls

Wall should be finished smooth in bright co-
lours and to be of adequate thickness to provide
for built in cabinets, The wall space and offsets
should be convenient to locate cabinets benches,
hoods, incubators, alongside, without any loss of
floor space.

24.1.1.5 Lighting

All work rooms in a laboratory including
stairways and passages should be well lighted. The
window areas in terms of floor area should not be
less than 209, and all windows fitted with trans-
parent glass panels. Long windows should be pre-
ferred to broad windows for greater depth of
penetration of light into work rooms. North-south
facing should be preferred, for preveation of glare
on work tables and benches. There must be ade-
quate artificial lighting to supplement daylight,
well distributed to provide uniform general [ight-
ing with minimum shadow effects. Spot lights sho-
uld be provided for specific equipments and in-
struments such as weighing balances, hoods, etc.
Adequate number of plug points should be
provided for extra lighting when required.

24.1.1.6 Power supply

Adequate electric power supply for at least
200 amps at L.T. voltage isrequired. Maay la-
boratory equipments require higher voltage and
provision for such exigencies should be made. It is
also desirable to provide syitable voltage stabilizers
to protect sophisticated equipments from damage
due to wide fluctuatjons in the line voltage. This
may require consideration in terms of individual
units or for the whole laboratory. ’

24.1.1.7 Floor

Floors should be of smooth finish but not slip-
pery and should be easy to wash and keep clean.
Concrete flooring with terrazo finish and dadoo-
ing upto window sill level is recommended.

24.1.1.8 Work tables and benches

A provision of 10m? space of work tables and
benches per worker should be sufficient. These
tables should be preferably located along the
walls. Tables located in any other position shoald
bave a clear gangway of width not less than 1 m



between adjacent rows. Wall-side tables are gepe-
rally kept 60 to 75 cm wide and centre tables are
designed 140 cm wide to allow work space on both
sides. Height of tables shoyld be 90to 95 cm for
working in a standing posture and 75 to 80 cm
for working in a sitting posture. Table tops
should be finished smooth and coated with acid
resistant black paints or covered with black acid
resistant glossy sheets. A separate table of size
120 cm x 60 cm witha low stool should bz pro-
vided generally for analytical balance. Adequate
numbers of high stools are provided along with
work tables and benches, Drains connected to
taple sinks should also be resistant to attack
from corrosive substances.

24.1.1.9 Reagent cabinets and cupboards

These should be provided in adequate numbers
and size for storing chemicals and rsageats and
stock solutions, etc. ina systematic order. Sliding
glass panzlled shatters should be preferred to
hinged shutters to these cabinets. The laboratory
tables could be provided with cupboards and open
glass shelves on the top to provide additional
space for storage of chemicals and stock solutions.

24.1.1.10 Sinks

Both table sinks and scparate sinks with ade-
quate water supply shall be provided. Table sinks
are fitted with gooseneck " taps extending high en-
ough above the table to permit washing of litre
cylinders. Separate sinks of sufficlent size and
depth, located at suitable polats shallalso be
provided for washing the glassware. Plumbing to
sinks and wash basins shall be of proper design
and of non-corrodible materials like PVYC par-
ticularly for wastewater lines.

24.1.1.11 Fume hoods and chambers

Fume hoods and chambers are necessary to
prevent spreading of toxic aad irritant fumesand
odours into other parts of the laboratory and als o
to prevent condensation on walls, windows and
other fixtyres causing corrosion. Some analytical
work need isolated fume chambers while others
could be carried out under an exhaust hood. Posi-
tive ventilatioa with “exhaust fans are generally
provided for this purpose. Hoods are designed
as per standard practice to provide a minimum air
velocity of 30 linear m/min.

24.1.1.12 Gas supply

Generally sewage treatment plants are located
too far away from the town to avail of the city
gas supply evenif there is any. The plant should
‘provide 1its own gas supply to "th: laboratory by
-installing a gas plaat. Efforts should be made to
use digester gas if sludge digesters are installed.
Gas should be piped to principal work tables and
hoods with appropriate fixtare oatlets.

.24.1.1.13  Balance room

: The analytical balaace mouated on a small
table to be used in sitting position shall be provi-
ded ina separate cubicle or enclosure in bigger
- laboratories. L
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24.1.1.14 Constant temperature rooni

In large plaats, provision is sometimes
made for constant temgperaturz rooms held
at 20°C for performance of BOD tests. If this
Is not available commercial type 20°C BOD
incubator may be used.

24.1.1.15 Sample preparation room

In large plants employing both primary and
sccondary processes where number of samples
handled daily is large, a separate sample prepara-
tion room is very useful. Such rooms, should have
refrigerators of suitable capacities. In addi-
tion, an attachzd cold room with storage facilities
may also be necessary particularly where
bacteriological work is done.

24.1.1.16 Media preparation and  sterilization

rooms

 Inlarge plants where continuous bacteriolo-
gical analysis is being done, additional facilities
for media preparation, centrifuging, sterilization
by autoclaves, etc. are necessary and additional
rooms for accommodating these facilities should
also beincluded. Such rooms are usaally attached
to the laboratory and are located within easy reach
of the analysts.

24.1.1.17 Record rooms

Record rooms for keeping laboratory and
plant records should be provided in the laboratory
office or in the plant administrative block.

24.1.2 Equipment and Chemicals

The types of equipment required for sewage
treatment plant laboratory depends on the type
of plant, the type of analytical work to be carried
out and the frequency of each test to be performed.
It is advisable to make initial decislons on the
specific analysis to be undertaken, the number of
samples, the frequency of sampling and the staff
requirement to carry out these analyses, so as to
avofd unnecessary purchases and keeping of equip-

- ments idle for an’ indefinite period. Equipments

that are not used and are kept idle are often negle-
cted and fallinto disuse. Hence selection of eéquip-
ments for the plant laboratory requires most care-
ful planning, so that each equlFment bought is
specifically on the basis of anticipated function
and operating staff.

‘A list of important equipments required for
carrying out several analytical works ina labora-
toryis givenin Appendix-24. Thelistis not exhaus-
tive but covers most of the requirements. The
quantities required has to_be decided as suggested
above. .

Refrigerators provided for preserving samples
should be adequate in capacity and numbers and
should maintain a temperatyre of 0to 6 °C at
a maXimum ambient temperature of 40 °C. Nor-
mally a 250 litre capacity should suffice for a
plant having only primary treatment. Two 250
litre capacity or one large 380 litre capacity should
suffice- the needs of a medium size plant employing

" both primary and secondary treatment. A large

S
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piant may require three of mote of different
capacitles.

_All cquipment need a certain amount of

maintenance care, particularly those that are elec-

- trically operated. Periodic servicing of equipment

and checking for their efficiency will save the loss

of equipment and prevent faulty analyses leading
to wrong interpretations.

Estimates of essential consumable articles
such as chemicals, glassware, etc. and recurring
replacement in the succeeding years of operation
must be worked out with utmost care onthe basis
of the particular treatment processes for each
plant. A list of important tests is givenin App-
endix 25, which serves as a guideline for choosing
the required glassware and chemicals for a
particular plant.

All glassware should be stored in an orderly
way and used with care to minimize loss due to
handling and breakages. Glassware should be clea-
ned thoroughly after their use and dried before
placing in the cupboards and lockers.

Chemicals should be stored in proper shelves
“and lockers. Toxic chemicals such as arscnic,
cyanide, etc., should be kept under lock and key
and should be under the direct charge of a se-
nlor analyst who issues and accounts for them.
Acids, bulky glassware, etc. which can cayse acci-
dents and burns bydropping onthe floor should
not be stored on high shelves, which need ladders
or high stools to reach them.

Chemicals that have a limited life should be
bought in such quantities as can be used before
thefr potency is lost.

A stock register for all equipments, chemicals
and glassware should be maintained inalllabora-
torles and kept uptodate.

24.2 SAMPLING OF SEWAGE AND WASTE-
WATER

Laboratory analyses have little;value if repre-
sentative sampling is not done. Sampling points
must be located where homogensity of the sewage
or wastewater with good mixing of the material
is available. Careless collection of samples give
data which may lead to wrong conclusions.

24.2.1 Methods of Sampling

In all cases of sampling, procedyres described
in “Manual of Methods for the Examination of
‘Water, Sewage and Industrial Wastss” ICMR
should be followed. Care should be taken to avoid
entry of extrancous materials such as silt, scum
and floating matters into sampling bottles. This
is very important while sampling below weirs,
channels and directly from tanks.

24.2.1.1 Grab samples

Grab samples are collected when frequent
changes in character and concentrations are likely
to occur and influence the treatment, undesirable
constityents are suspected, the quality is not exp-
ected to vary or when samples require on-the-spot

analysls for parameters such as DO, pH and
residual chlorine. Representative samples should
be taken with good judgem:nt and should
be analysed within 2 to 3 hours of sampling. An
enamelled bucket or small pail may be suitable for
grab sampling.

24.2.1.2 Composite or integrated samples

Composite samples are required for several
analyses such as BOD, SS, nitrites, etc., over a
period of 12 to 24 hours. The need for the conti-
nuous attendance of a person inmanual sampling
is eliminated in automatic samplers.

24.2.2 Sample Volume

1 to 2 litres of grab sample would be a large
enough sample to perform all the tests and repeat
some tests if required.

For composits samples, a total quantity of 1
to2 litres collected over a 24 hour period is
adequat:. Fractional sample at intervals of 1,2 or
3 hours should bz collected in suitable containers
each sample being well mixed and a measured por-
tion proportional to the flow transferred by means
of a pipettz, measuring cylinder or flask and inte-
grated to forma 1to 2 litre sample. Hourly re-
cords of flows normally available with the Plant
Superintendent would facilitate taking of represe-
ntative sample.

All samples should be immediately traaspor-
ted to the laboratory for analysis. In case there is
any delay in transportation, adequate precagtions
should b: taken for fixing the constituents on the
spot or preserving the sample in ice.

24.2.3 Selection of Sampling Points

Raw sewage sample should be collected after
screens or grit chambers.

Samples of effluent from primary szdimenta-
tion or secondary s:dimentation tanks should be
taken from the effluent trough or pipe or ahead
of discharge weirs.

Influent to trickling filter should be collected
below the distribution arm and the efluent from
the filter from the outlet chamber or at the inlet
to szcondary tedimentation tank.

A point where there is good mixing should be
selected for sampling of mixed liquor in aeration
tanks in the activated sludge process.

Influent samples of septic tanks, imhoff tanks,
clari-digesters and other sole treatment units such
as oxidation ponds, oxidationditches and aerated
lagoons, should be collected ahead of these tanks,
in inlet chambers or channels lsading to these
units. Efffuent samples should be collected outside
the units in receiving wells or channels or cham-
bers. Sampling within thesc tanks should be speci-
fied in terms of depth or distance or both. ,

Samples of raw sludgs should be taken from
sludge sumps or from the delivery side of the sludge
pumps through sampling cocks.

Retyrn sludge sampla ichtivated sludge plant
is collected at the point of discharge into primary
uaits or aeration tank.



Samples from mixed primary and secondary sludge
should be collected at the point of delivery to
the digester. '

Digested slydge samples may be drawn from
the sampling points in the digester or from the
discharge end of ths delivery pipe leading to
drying beds.

Digester supernatant could be drawn from
sampling cocks providsd for this parpose or
through sampling wells on digester dome.

24.3 TESTS PERFORMED IN THE LABO-
RATORY

Routins tests are performed to control the
operation of different treatment units. The proce-
dure suggested in “Manuil of methods for the
examination of water sewage & Industrial Wastes”’
should be followed.

24.3.1 Raw Sewage

Paysical tests consist of temperatare, odours
turbidity and colour. Chemical tests consist of
alkalinity, suspended and dissolved solids, fixed
and volatile solids, BOD, COD, pH, nitrogen
and its forms and relative stability (methylen:
blue test).

24.3.2 Sedimentation Tanks

Influents and effluents are analysed for SS,
Settleable solids, BOD and COD to assass ths
efficicncy. Occasionally volumetric efficizncy of
tanks is tested by using a dye or tracer, if there
is any rcason to suspect short Circuiting in the tanks.
Primary sludge from the tank is analysed for per
cent solids, organic content and specific gravity
if digestion is practised.

24.3.3 Trickling Filters

BOD, COD, total solids, SS, DO, pH,
ammonia, nitrite, nitrate and total organic nitro-
gen are determined to evaluate the performance
of trickling filters.

24.3.4 Activated Sludge Aeration Tanks

Influent and effluent BOD and COD, MLSS,
DO, ORP SVI and solids retention time or sludge
age are dstermined as a routine. Microscopic
analyses are conductzd to find out whether suffi-
cient ciliate protozoa and rotifers are present.
Special tests are made for microbial growth rate
and oxygen uptake rate to assess sludge growth
and oxygenation efficiency.

24.3.5 Secondary Settling Tanks

Effluents are analysed for SS, settleable solids
filtered and unfiltered BOD, DO, alkalinity,
nitrites and nitrates as a roytipe. Secondary sludges
are analysed for percent solids (total, volatile and
fixed) and specific gravity when digestion is
practised.

In special cases where sewage from T.B.
Sanitoria, Infectious Diseases hospitals, etc., are
treated, it may be advisable to conduct bacterio-
logical analyses to determined E. coli and patho-
genic organisms in the treated effluents.
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24.3.6. Septic Tanks,
Claridigester

Samples are periodically analysed for settlea~
ble solids, total and suspended solids (fixed and
volatile), BOD and COD on both influent and
effluents. The pH and volatile acids are deter-
mined ontank contents. Bottom sludges are perio-
dically examined for percent solids, and organic
and fixed nitrogen. Occasionally effluents are exa-
mined for pathogens and viable ova of hookworm
and ascaris.

24.3.7 Sludge Digester

Characterization of digested sludge is neces-
sary for further disposal and also to determine the
sludge balance in the digester and efficiency of
digestion. The digested sludge is analysed for tem-
perature, colour, odour, texture, sludge volume,
percent solids, volatile solids and alkalinity,
volatile acids and pH. Digester content is ana-
lysed for pH and volatile acids. Determination
for totql solids. pH, alkalinity, nitrogen, saspen-
ded solids, BOD and COD are made on the
supernatant.

24.3.8 Stabilization Ponds

Influent and efluent samples are analysed for
SS, BOD, COD, pH, DO and turbidity to
determine the efficiency of ponds. The pond
samples taken from different points and at different
times for 24 hours in a day are analysed for DO,
pH, alkalinity and algal cell concentration to as-
sess the condition of the pond for diurnal or sea-
sonal variations. Biological and bacteriological
analyses are carried out periodically to study the
flora and fauna prevalent in the ponds. pH measur-
ements, COD, BOD and ORP tests are essential
guides inthe control of anaerobic lagoons, special-
ly where industrial wastes are treated, Colour
changes are valuable guide in forecasting of ad-
verse conditions in the pond. Visual inspection of
colour or colour determinations are therefore
found useful. :

Imhoff Tanks  and

24.3.9 Digester Gas

Where digsaster gas is collected for use in the
plant as fuel for development of power, a complete
gas analysis should be done frequently to determine
carbon dioxide and methane and other contents
of the gas like moisture and H,S.

24.4 RESIDUAL CHLORINE

Where the effluents are chlorinated before
discharging into water or land, the residual chlo-
rine testis done regularly to ensure proper chlo-
rination at all times. Usually one sample every 4
hours is sufficient.

24.5 SPECIAL TESTS

Special tests may be required to determine the
presence of materials which may create operating
difficylties or retard the progress of purification.
Such materials include various types of oils and
grease, toxic chemicals like copper, cyanide, zinc,
chromium, lead and other heavy metals, excess
sulphides and ABS.
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24.6 ANALYSIS REPORTS

All apalyses carried out should be properly
recorded, Routinedailyanalyses, periodic analyses
and special analyses should be recorded separately.
Copies of these reports should be sent to the plant
superintendent immediately after the analysis
is done with explanatory notes to indicate any un-
satisfactory conditions or abnormalities. The su-
perintendent should study the reports and direct
the operating staff for proper corrective measures
in the operation schedule. Such measures taken
should be reported to the laboratory scientists,
who should check the efficiency of corrective me a-
sures by resampling and analysis. Corrective mea-
sures followed by sampling and analyses should be
repeated till such time satisfactory results are
obtained.

Data collected over a period of time on vari-
ous parameters of plant control should be analy-
sed and represented on charts and graphs and dis-

played in the laboratory for ready reference by
the supervisory staff and visitors. These should be
included in the weekly, monthly and annual reports
of the laboratory.

247 PERSONNEL

Laboratories of large plants should be under
the charge of a qualified and experienced Analyst
supported by junior technical staff having back-
ground in the fields of chemistry, biology and bac-
teriology. The analyst should assimilate the de-
tails of functioning of the plants by experience and
acquire the necessary preparedness for receiving
further specialised trainingincluding performance
interpretation and application of advanced techni-
ques which enable him to participate in the efficient
operation of the treatment unit.

In the case of small plants the laboratory may
be under the charge of a person having some
training in analysis of sewage.
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1

AC

amp .

AS . .
BOD . .
BOD,. .

COD .
cumec

°C

d . .
DO
EqorEqn .
FAR .

FSI

FM . .

HSV .

kxeal .
kg .
kgf
kL .
kLd .
km

kw

kwh . .

APPENDIX 1

ABBREVIATIONS AND SYMBOLS

asbestos cement
ampere
activated sludge

biochemical oxygen demand

5 days biochemical oxygen demand

cubic centimetre

cast iron

centimetre

cement mortar

chemical oxygen demand
cubic metre per second
degrees centigrade

day

dissolved oxygen
equation

floor area ratio

floor space index

food to micro organisms ratio
gramme

galvanised fron

hectare

bour

hydraulic retention time
hydraulic subsidence value
Indian standard

kilo calorie

kilogram

kilogram force

kilo litre

kilo litre per day
kilometre

kilowatt

kilowatt hour

litre

25—480 M. of W&H/ND/79

Iped .
Ipd
Ipm
Ips
m
mps
ms
m?
meq .
min
ml

mL

MLSS
MLVSS

MWL,
NPSH
ORP .
Pr. .
PSS .
PVC .
RCC.
rph

rpm .
SAR .
Ss .
S.S.T.
SvI

TF .
VS .
VSS .

litre per capita per day
litre per day

litre per minute

litre per second
metre

metre per second
square metre

cubic metre
milliequivalent

minute

millilitre

million litres

million litres per day

mixed liquor suspended solids

mixed liquor volatile suspended solids

millimetre

maximum water leve!l

net positive suction head
oxidation reduction potential
Primary

percent soluble sodium
polyviny! chloride

reinforced cement concrete
revolution per hour
revolution per minute

sodium absorption ratio
suspended solids

secondary sedimentation tank
sludge volume index
tonnes

trickling flter

volatile solids

volatile suspended solids


http://ta.hr

Length
1in
1 ft
1 yd
1 mile
1 mm

1 cm

1m
fkm

1 km
Area
1sqin

1 sqft
1sqyd
1 sq mile

1 acre

1 sqmm
1 sqecm

1sqm

1 ha

1 sqkm

Capacity
1 gal (UK)

1 gal(US)

1 US Pint (Liquid)
1 fluid oz (US)

1 fluid oz (UK)
11

25-4
0-3048
0-9144
1:6093
0.0394
0-3934
0-0328
3-2808
10936
0-6214

645-163
6:4516
0:0929
0-8361
2-59
0-4047
404686
0-00155
0-1550
000108
10-7639
1-1960
2-4710
0-00386
0-3861
247-105

4-54609
0-00454609
0-160544
0-00378541
3-78533
0-832675
0-133681
0-4732
29-5729
28.4123
0-0353147
0-001308
0-2200
0-264172

APPENDIX 2
CONVERSION FACTORS

mm

km

in

ft
ft
yd

mile

sq mm
sq cm
sqm
sqm
sq km
ha

sq m
sqin
sqin
sq ft
sq ft
sqyd
acre
sq mile
sq mile

acre

cum

cu ft
cum

1

UK gal
cu ft

1

ml

ml
cuft
cuyd
gal (UK)
gal (US)

Volume
1 cuin
lcuft
1 cuyd
1 acre ft
1 cucm

lcum

Weight
1 grain
1 oz
11b

1 ton
lg

1 kg

1 tonne

Density

1 Ibjft

1 kg/m?

Pressure and Stress
1 1bfin?

1 1b/fts

1 ton/in?

1 atm

1 kgfem?

1 kg/m?
1 kg/mm?

1 atm

1 mm Hg

144

bonon

!

l

I

[ |

I

=

16-8871
0-0283
0-7646
1233-48
0-061024
35-815
1-60795
0-00081071

0-0648
28-3495
0-4536
1-01605
15-45254
0-0352740
2:20462
0-98421

16-0185
0-0624

0-0703
4-88243
15749
101325-0
7600
1-01325
14-6959
33-83984
29-9213
10332-2
1-03322
10-3322

14-223
10
0-96784

0-204816
0-6850
680870

2.78450

cucm
cum
cum
cum
cuin
cu ft
cuyd

acre ft

8

g

kg
tonnes
grains
oz

b

ton

kg/mPorg/l
Ib/fts

kg/cm3)
kg/m?
kg/mm?
N/ms?
mm Hg
bar
Ibffins
ft H,0
in Hg
kg/m?
kgfcm?
mH,0
1b/ine
m H,0
atm
Ib/fes
ton/in?
pdl/fts

(where 1 pdl=

0-138255 N)
Ib/fts



145

APPENDIX 2—contd.

Force 1 UK gal/dayfft = 14-915 1pd/m
116f 4-44822 N = 0014015  m3/day/m
- 0-453592 kgf 1 mm/s L = 141-732 in/h
1 tonf = 9-96402 kN " = 73-5689 UK gal/fit/h
1 pdi 0-138255 N = 769130 million UK
g (acceleration due galfacre/d.
to gravity) = 32-1740 ft/sec? I m3/me/d 0-851491 UK gal/fiz/h
3 = 980665 cm/sec? = 0-890187 million UK
¢ 1 N (or 10° dynes) — 0-101972  kgf galfacrefd.
— 0224809 ibf 1 m3/day/m C o= 67-466 UK galfday/
1 kgf 2-20462 1bf Run-off f
Energy and Power 1 f3/s/1,000acre = = 6°99724 1/s/km?
1 horse-power = 0-745700 kw I fefs/miles = 109332 Ifs/km?
1 ft.1bffs 1-35582 w 1/s/kms = 0-142915 ;‘;{Se/sl’ooo
1 B.t.u. = 105506 kJ = 0-0914645 ft3/s/mile
1 therm = 105-506 M)
1 fe. 16 1:35582 3 Hardness .
1 kw = 1-34102 Horse-power G{jilicnsgglcr Gréisnsggler
1 kwh = 36 MJ me/! (Clarksotie— (Actan
1] = 0-737562 ftibf CaCoO, British degrees) degrees)
1K) 0-277778 wh —
1-00 0-07 0-058
Velocity 14-29 1-00 0-83
1 fps = 0-0348 m/s 17-15 1-20 1-00
- 1:0973 km/h 10-00 070 0-58
1 mile/b 0-4470 m/s 17-86 1-25 1-04
= 1:6093 km/h 2-57 0-18 0-15
1 mfs = 3-2808 fps — ——
- ame i Reere Tk Rwese
1 km/h - 0:9113 fos (Fren%gggsrees) . (Gcrﬁqaaon degrees) (fi{eugsri:g)
= 0-6214 mile/h
: Treatment Loading Rates 0-10 0056 0-40
f 1infh - 0:00705555  mms 1-43 0-080 572
s 1 UK ga)/ftzh = 00135927  mmys 1-72 0-96 8-86
f 1 UK gal/fee/h 1-17441 m?/mz/d 1-00 056 4-00
,’u 1 [zrxl(i:lrl;/(:in UK gal/ _ 0-0130016 s 179 1-00 7-14
0-26 014 1-03
' = 1-12336 m3/mz/d . e R
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APPENDIX ! 3—Contd.

SL  Indian Standard No. Title
O
Miscellaneous
59  460—1962 . . Test sieves.
6) T771—1963 Glazzd ecarthenware sanitary appliances (revised.)
6t 772—-1973 F:nzral r:qairements of enamslled C.I. sanitary appliances (second revision).
62 T713—195% ., daam:tled C.I. water closets, railway coach stocks type (revised).
63 715—1970 3:cackets and supports for lavatory basin and sinks (second revision).
6% 776—1962 . . Waooden water closet, seats and covers.
65 777—1970 Glazed earthenware tiles (first revision).
66 123)— . . Methods of mzasurement of buildings in Civil Engineering Works.
(1) Part XVI—1959 Yaying of water and sewer lines, including appurtenant items.
(b) PuartXIX—1970 Water Supply, plumbing, drains and sanitary fittings.
67 1445—1970 . . Mild steel dust bins.
68 1607—1960 . Methods for dry sieving.
69 1701—1960 . . Mixing valves for ablutionary and domestic purposes.
70 2174—1962 . . Reinforcecd concrete dust bins.
71 2431—1963 . . Steel wheel barrows (single wheel type).
72 2383—1967 . . Plastic water-closet seats and covers (second revision).
73 2556— . . Vitreous sanitary appliances (vitreous china)
(a) PartI —1967 . G:oeral requirements (first revision).
(b) Part I[I —1973 . specific raquiremants of wash-down water closet (second revision).
(¢) Partili—1973 . Spacific requirements of squatting pans (second revision).
(d) Part IV—-1972 . 3pzcific r:quirements of wash basins (second revision).
(e) Part V—1967 . Specific requirements of laboratory sinks (first revision).
(f) Part VI—1967 . Specific requirements of urinals (first revision).
(g) Part VII—1973 Specific requirements of half round channels (second revision).
(h) Part VIII—1973 3pzcific rzquirements of siphonic washdown water closets (second revision).
() PartIX —1972, Specific requircments of bidets (second revision).
(k) Part X —1957 . Specific requirements of foot rests (fitst revision).
() Part X1—1972 . Specific requirements for shower rose.
(m) Part XiI —1973 3pecific requirements for floor traps.
(n) PartXIII—1973 3pecific requirements of traps for squatting pans.
(p) Part X1V —1974 3pecific requirements of integrated squatting pans.
(@) Part XV —1374 3pecific requirements of universal water closets.
74 29563—1964 Non-ferrous waste fittings for wash-basins and sinks.
75 3311—1965 . . Waste plug and accessories for sinks and wash basins.
76 3489—1966 . Enamelled steel bath tubs.
77 3861—1955 M:thods of mzasurements of area and cubical contents in buildings.
78 5219— . . . Cast copper alloys traps.
(a) PartI —1969 . ‘P* and ‘'S’ traps.
79 5421-1969 . . Glossary of terms relating to test sieves and test sieving.
g8) 5611—1970 . . Code of practice for waste stabilization ponds (facultative type).
81 5742— . . . Terms and symbols for sieve bottoms.
(a) Part I —1970 ., Woven and welded wire screens.
(b) Part Il —1970 . Perforated plates.
82 5961—1970 Cast iron gratings for drainage purposes.
83 6279—1971 Equipment or grit removal devices.
84 61411—1972 Get coated glass fibre reinforced.
85 7331—1972 . . Code of practice for insp?ction and maintenance of cross drainage works.
Measurements of fluid flow
— . . lossa i i i S
86 1191—1971 Ggf)swr);v i(t)lg t:rr?rse :2?1rg£b?tliis?sfgvils?o:()).nnecuon with the measurement of liquig
87 11921959 Velocity area m>thods for measurement of flow of water in open channels.
83 1193—-1959 Meémssof mzasurements of flow of water in open channels, using notches, weirs and
89 1194—1960 . . Forms for recording mezasurement of flow of water in open channels.
9) 2912—1964 . .

Recommnzndations for liquid flow measurement in open channel by slope area method

(approximate method).

¢~“
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APPENDIX 3—Contd.

S’; Indian Standard No. Title

29131964 . . . Rzcommezndations for determination of flow in tidal channels.

2914—~1964 . . . R:commendations for zstimation of discharge by establishing stage discharge relation
in open channels.

[nstructions for :sllection of data for the d:termination of errors in measurcment
of flow by velocity area method.

2951— . . R:commnzadations for estimation of flow of liquids in closed conduits.

(a) Part [ —1955 . . Hezad loss in straight pipes due to frictional resistance.

(b) Part [I—1965 . . Head loss in valves and fittings.

2952— . . . . M:asurement of fluid flow by means of orifice plates and nozzles.

(a) Part [ —1964 . . Incompressible fluids.

3910—1966 . . . Cup type current meter.

3911—1966 . . . Surface floats.

3912—1966 . . . Sounding rods.

4477— . . . Mzthods of mzasurements of fluid flow by venturi-meters.

(a) Part1 —1967 . . Liquids.

4858—1968 . . . Velocity rods.

6133 —1971 R:comm:ndations for liquid flow msasurements in open channels by weirs and
flumas—weirs of finite crest width for free discharge.

Methods of me:asurements of flow of water in open channels using standing wave
flume full.
M:thods of m:asurement of flow of waterin open channels using standing wave flume.
R:commendations for liquid flow mecasurement in open channel by weirs and flume-
end—mzthod for sstimation of flow inrectangular channels with a free overfall
(approximate method).
Industrial Effluent
105 2296—1963 Tolerance limits for inland surface water subject to pollution.
N 106 2488— . . . Methods of sampling and test
(a) PartI —1968 . . for industrial effluent, Part I
! (b) Part II —1968 . . for industrial effluent, Part II
' (c) Partl{[—1968 . . for industrial effluent, Part I11
107 2490—1963 Tolerencelimits for industrial effl ients discharged into inland surface waters.
108 3306—1974 . Tolerance limitsfor industrial effluentsdischarged intoinland public sewers (ﬁrslrcvision)
! 109 3307—1965 . . . Tolerance limits for industrial effluents discharged on land for irrigation purposes.
110 4733—1968 . . . Methods of sampling and test for sewage effluents.
111 4764—1973 . . Tolergqce)limits for sewage efflients discharged into inland surface waters (first
revision,

215-1964 . . .

10} 6962—1971

10} 6363—1971 . . .
104 6330—1971




APPENDIX 4
Compuation of storm runoff and design of storm sewers

Design a system of stormsewersfor thearea shownin
the figure No. A.4-1 based on the Rational Formula for
theestimation of peak runoff.

Basic Data and Assumptions

Imperviousness

Built up and paved area—0-7
Openspace,lawns, etc.—0:2
Inlet time

Builtup and paved area (tb) — 8 minutes
Openspace,lawns (t1) —15 minutes
Minimum velocity in sewer —-0°8 mps

Minimum depth of coverabovecrown —0-5 metres

Rainfallintensity=consider one yearstorm as thearea
is central and high priced.

(Use Table 3-1 for the record of rainfall intensity and
frequency of rainfall).

Use Manning’s chart for Sewer design

Solution

Quantity of storm water runoff is calculated using the
Rational Formula given in Sec. 3.2.1.1.

i.e.Q=10c.i.A
Where
Qis the runoff in m?fhr
¢ is the coefficient of runoff
i isthe intensity of rainfall in mm/hr and
Ais the area of drainage district in hectares.

Storm water runoff is determined in the following
manner; - :

(i) From the rainfall records for the last 26 years

(table 3-1), the storm occurring oncein a year, i.e. -

26 timesin 26 years, the time—intensity values fo
this frequency are obtained by interpolation an
. areasfollows :
Intensity,*i’ mm/hr. 30 35 40 45 50 6
Duration, ‘t’ minute 44" 36 28'5 22-5 135 975

(ii) Thegeneralised formula adopted forintensity §nd
durationis

tn
where i =intensity of rainfallin mm/hr
t =duration in minutes and
a and n are constants,

A graph (Fig. A-4.2)is plotted for one yearstorr using
the values of ‘i* and ‘t” ffom the above table on a lbglog
paper. From theline 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 160,i.e. after subsiitut-

les —

to.l

ingthe values of ‘a’and ‘n’, different valuedof ‘i’
for various values of t are calculated and tabilated

as below and a curve (Fig. A-4.2)is plotted ¢n an {

ordinary graph paper.

Table for intensity-duration curve for one year storm

t 5 10 15 20 | 25 30 35 40 45 60 80 100 120
min
;lTn 84.2 64.0|54.0 (48.5 [44.2 41.2 38.6 36.8 ! 34.8 31.0 27.8 ’ 25.4 {23.6

(iv) Another graph (Fig. 4.3(a)) of runoff-coefficient
‘¢’ vs.durationtime‘t’is plotted as per valuesgiven
in Table 3-2 (Horner’s Table).
(v) From the above two graphs (Fig. A-4.3(a) and (b))
the values of c and i for the same duration time t
are determined and the curves for 10 ci vs t for the
various values of imperviousness are plotted (Fig.
A-4.4). The value of 10ci gives the rate of runoff
in mhr per hectare of the tributary area.
These curves are ultimately used in calculating the
runoff from thetributary areas for a given time of
concentration and imperviousness factor.
Design of storm sewer system
Table A-4.1 givesthe various components of thestorm
scwer system design.

Columnp 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 thetotal areaserved by each drain.

Column 9 records thetime of concentration at each
upper end of line (drain). The time of concen-
tration is found by taking the weighted average of
thetwoareas.

. Al.tb'*'A’.t] .

(i.e. tt= —————— ,where A;= builtup area

A+FA

3
and 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/(60x1:0)=1-17 min.

Colu(;nn_ 11 is the total time of concentration for each
rain.

Column 12is the value of runoff as 10 ¢i read from
the Fig. A-4.4 for the corresponding time of
concentration.

Column 13 gives the total runoff from each tributary
area.

Column 14 gives the runoffin Ips from each tributary
area.

Col. 15-18 record_the chosen size, required grade
resulting capacity, velocity of flow for each drain
orline. These designs of storm sewers arc
computed from the Manning’s chart for each req-
uired flow and maintaining a minimum velocity.

Col. 19-23identify the profile of the drain.
Col. 19is taken from the plan.
Col. 20=col. 19X col. 16.

Col. 21—the required drop in manholes is obtained
glrectly from the recommended valuesin section

.3.9.

Col. 22—gives invert elevation at the upper end with
a minimum cover of 0-6 m at starting manholes.
Thusfor lines1,3,6 and 9, the invert elevations are
respectively 37.400, 36.700, 38.000 and 36.800.
In case of a manhole having more than one inlet
the drop in the manholeis considered with respect
to thelowestinvertlevel of theinlets to fix thein-
vert level of the outlet.

Col. 23=Col. 22—Col. 20=invert elevation at the
lower end of theline.
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TABLE A-4—-1
Design of a storm-sewer system
Location of drain Tributary area ‘a’ (hectares)
Lipg —m™ m™™m™m™™—m———————————— ——— -
number  Street Maanhole from Manhole to Increment Total
ota
0-7 Imp. 0:2 Imp Eq. 100% area
factor factor Imp, factor
'6)) @ 3) C)) &) 6 ) 3)
1 SouthSt. . . 5 4 0-286 0-366 0-274 0-274
2 .. 4 3 0-167 -0-488 0-214 0-488
3 North-South St. 2 R.3-2 R.3-1 0-415 0-312 0352 0-352
4 .. R.3-1 3 0-358 0-366 0-324 0-676
5 South St. . . 3 2 0-256 0-466 0-274 1-438
6 North-South St.3 . R.2:2 R.2-1 0-230 0-492 0-260 0-260
7 .. .,  R.2-1 2 0:410 0-310 0-348 0- 608
8 South St. . . R.2 1 0-256 0-466 0-274 2-320
9 North South St. 4 . R.1-2 R.1-1 0- 660 0-282 0-517 0-517
10 .. R.1-1 1 0- 580 0362 0-479 0-996
11 South St. . . 1 pump-house 0-610 0-330 0-494 3.-810
te Time of concentration Runoff m*/hr
Time of inlet to Time of flow in _Total Per hectare Total
upper end t; drain t¢ te=ti+tg (10 ci)
&) 10) (1 (12) (13)
12.0 .. 12:0 345 94.5
13-3 1-17 14-47 335 164:-0
11-0 .. 11-0 348 123-0
11-5 1-17 12-67 340 264-0
12:5 327 15-77 335 480-0
12-8 .. 12-8 340 87-5
11-0 1-17 12-17 342 208:0
125 537 17-87 330 765-0
10-2 e 10-2 350 182-0
10-8 0-94 11-74 344 330-0
10-4 8-05 1845 325 1240-0
Flow Design Profile
IIQ'
ps X
Diameter Slope Capacity Velocity Length Fall Drop in Invert Elevation
mm m/1000 Ips mps m m manhole
m Upper end Lower end
(14) (15) 16) an (18) a19) (20) @n 22 (X))
26-6 200 10:0 32 1-0 70 0-70 0-000 37-400 36- 700
46-0 250 6-65 50 1-0 125 0-83 0-025 36-675 35-845
35.0 250 6-65 50 1-0 70 0-47 0-000 36- 700 36:230
74-0 350 4.55 98 1-0 70 0-32 0-050 36-180 35-860
135:0 450 3.14 160 1-0 125 0-40 0-066 35-779 35-379
25-0 200 10:0 32 1-0 70 0-70 0-000 38-000 37-30¢
590 300 5-55 70 1-0 70 0-39 0-050 37.250 36-860
214-0 600 2:22 280 1-0 160 0-36 0-200 35-179 34.819
51-0 250 10-0 60 1-25 70 0-70 0-000 36- 800 36-100
92:0 350 50 100 1-1 70 0-35 0-050 36-050 35.700
345-0 700 1:67 400 1-0 25 0-42 0-234 34.585 34.165

~2
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APPENDIX 6
Design of sanitary sewer system

Problem

Design a system of sanitary sewers for the given area
shown in the figure A-6.1 with the following details :

1. Population Density . 300 personsfhect.

. Column
2. Water Supply 250 lIpdfhead. (ulti- olumn 9
. \ . mate). Column 10

3. Maximum rate of infiltration ., 20,000 Ipd/hect.
4. Minimum depth of cover to be 1m

provided over the crown of the

sewer.
5. Minimum velocity in sewer at 0:6 mps. Column 11

peak flow.
6. Maximum velocity in sewer 2-0 mps.
7. Minimum size of the sewer 150 mm Column 12
8. Waste water reaching sewers 90% of W/S
9. Peak flow 3-5x Ave flow Column 13
Solution Column 14—15

1. Drawa line to represent the proposed sewer in each
street or alleyto beserved. Near theline indicate by af
arrow the direction in which sewage is to flow.

2. Locatethe manhole,giving each an identificationnumber.
3. Sketch the limits of the service areas for each lateral.

Column 16—17

4. Measure theareas (ha) of theseveral service areas. Column 18
5. Preparea tableas shownin Table A-6.1 withthe columns
forthe different stepsin the computation and a line for
each section of sewer between manholes. Column 19
Column 1 to Column 6 . fortheline manhole, location of
th: manhole,manhole numbers  Column 20

ground Ievel at starting man-
hole and the length ofline bet-
ween the manholes

Column 21—22

alves

@?:

/—"-—-—-—nn_.— l
& — e P e Y-—»
’( AREA 1S (2.9 aa)
-———- 3

AREA /4(»7»31"\: RO

Column 7—Column 8

the corresponding area for the
nextstreet of sewerandin Col.
8 the sum of the areas are en-
tered.

the population served by each
corresponding line is entered.

shows the sewage flow (mLd)
through eachline. Thesewage
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TABLE A—6.1

Design of a Sewer System

Manhole Ground Length Area served (ha) Popu- Sewage Ground Peak flow
level at ‘m’ ——0onuw—__ lation flow  water
Line Location From To  starting Incre-  Total ‘mLd’ infiltra- mLd Ips
manhole ment tion mLd
1 2 3 4 5 6 7 8 9 10 1 12 13
1 Street. R.8-5 R.8-4 38:275 120 0-80 0-80 240 0-054 0-016 0-205 2:37
2 » R.8-4 R.8-3 37-960 116 1-20 2:00 600 0-135 0-040 0-512 5:92
3 ' . R.83 R.82 36873 114 1-40 3-40 1020 0-230 0-068 0-873 10-10
4 . R82 RSB 1 36-895 116 0:90 4-30, 1290 0-290 0-066 1-10  12:73
5 4 . R.8-1 8 36-420 75 070 50 1500 0-34 0-10 1-29 14:-92
6 8 7 36-117 41 14-5 19-5 5850 1-32  0-39 5-01 57-96
7 o e . . 7 6 35-830 26 4.8 24-3 7300 1-64 0-48 6-22 71-96
8 Main Street 6 5 35105 88 22 26-5 7950 1-80 0-53 6:-83 79-02
9 5 4 34-412 86 7-8 34-3 10300 2-31 0-68 8-76 101-35
10 . . 4 3 34-181 36 5-0. 39-3 11800 2:65 0-70 10-05 116-28
11 v . . 3 2 34-105 77 1-:2  40-5 12150 2-73 0-80 10-35 119:75
12, . . 2 1 33-905 117 50 45-5 13650 3-07 0-91 11-65 13479
13, . . 1 0 33-250 41 1-7  47-2 14200 3.2 0-94 12-14 140-46
Diameter Slope Discharge Velocity Total fall Invert Elevation
mm Ips mps ‘m’ ‘m*
Q Full Q Actual V Full v Actual Upper end Lower end
14 15 16 17 18 19 20 21 22
150 - 008 14 2:37 0-75 0-57* 0:96 37-125 36-165
150 - 008 14 5-92 0:75 0-72 0-93 36-135%% 35-205
150 +008 14 10-10 0:75 0-82 0-91  35-175 34.265
150 - 008 14 12-73 0:75 0-86 0-93 34.235 33-305
200 - 005 24 14:-92 0:70 0-74 0:38 34.275 33-895
300 - 005 70 57-96 1:0 1-13 0-21 33-845 33:635
350 - 005 100 71-96 1:2 1:32 0-13 33-605 33-475
350 005 100 79-02 1-2 1-32 0:44 33-445 33-005
400 <0033 125 101-35 10 112 0-29 32:975 32:685
400 -0033 125 116-28 1-0 1-14 0-12 32-655 32:535
400 -0033 125 119-75 1-0 1-14 0:26 32-505 32-245
450 - 0033 160 134-79 1-0 1-12 0-39 32-208 31-818
450 <0033 160 140-46 1-0 112 0-14 31-788 31-648

*Since VEL is less than 0- 6 mps, flushing once a day is necessary.

**A minimumleveldifference of 30 mm has been provided between the incoming and outgoing sewers to provide
necessary slope in the manhole.



APPENDIX 7

Three Edge Bearing Tests for Pipe Strength

The load which the pips must withstand without failure is termed three-edge bearing strength. For unreinforced

concrete pipes,the point oftoad at whichthe pipe cracks and fails is the termination of a 3-edge bearing test.

For rzinforced concrete pipzs, thase spzziiizations provide two criteria for passing the 3-edge bearing test: first,
there is an intermediate load based on the appesarance of a crack 0.25 mm wide and 0.3 m long. The final
requirement for 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 thistest, the pipe is placed horizontally on two parallel wooden rails resting on 15¢cm 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.

o L
RIGID STEEL MEMBER &
BEAM OR OTHER TYPE

SPACE NOT MORE

{___ ..} THAN 8 ¢cm PER m OF

LIS BAR WITH A MINIMUM
WY OF 2.3 ¢cm

- LOWER BEARING

AT LEAST 1ScmX 1S em

THREE EDGE BEARING TEST

FIG. A=7"1

Three edge bearing strengths of prestressed, unrcinforced concrete pipes are given in table A—7.1.

TABLE A—7.1
Load to produce 0+25 mm crack (kg/linear meter) Ultimate load (kg/linear meter)
Diy of pip:P:e-stressed Concrete Pre-stressed Concrete
mm concrete concrete
NP,,P, NP, NP, NP, NP,, NP, NP,
2 & P P, P, &P,

80 1000 1040 —_— — 2300 —_— 1560 —_— —
100 1000 1040 e o 2300 1560 1560 —_— —
125 1000 —_— e —_— 2300 —_ —_— —_— —_—
© 150 1000 1040 —_— _— 2300 1560 1560 — —_
200 —_— _— _ —_— —_ —_— —_— — P
250 1100 1140 —_— _— 2500 1670 1710 —— —_—
300 1200 1200 — —_— 2700 1790 1800 _ —_—
- - 350 1300 1260 3040 - 2900 ~ 1880 1890 4560 -
400 1400 1360 - 3460 3460 3100 2020 2040 5190 5190
450 1500 1480 3760 _— 3400 2230 2220 5640 —_—
500 1700 1660 4160 4160 3700 —_ 2490 6240 6240
600 1900 1900 4720 4720 4300 —_— 2850 7080 7080
700 2100 2100 5320 5320 4700 —_— 3150 7980 7980
300 2400 2300 6060 6060 5400 —_— 3450 9090 9090
900 2500 2500 6760 6760 5700 —_— 3750 10140 10140
1000 2700 2680 7400 7400 6000 —_ 4020 11100 11100
1100 2800 2780 8200 8200 6200 —_— 4170 12300 12300
1200 2900 2880 9000 9000 6500 _— 4320 13500 13500
1400 3000 2980 —— 10630 6700 - 4470 —_ 15950
1600 3000 2980 — 12200 6700 —_ 4470 —— 18300
1806 3000 2980 —— 13800 6700 — w0 —— 20700

27—480 M. of W&H/ND/79



APPENDIX 8

Characteristics of common gases causing hazards

(All percentages are per cent by volume in air)

phi

de

small concentrations;
odour not evident at
high concentrations,
colourless, inflamma-
ble.

smell; exposure to 0-07 to
0-19% rapidiy causes acute
poisoning. Paralyses respi-
ratory centre; death in few
minutes at 0-29%.

P

Specific Maximum Safe Expo- Explosiveli- Likely location of
SI. Nameof Gas  Chemical Common Properties  gravityor Physiological cffects sure limit (%) mit(percent) highestconcentra-  Most Common
No. Formula vapour tion Sources
density 60-minutes 8-hours Lower Upper
(air=1)

1 2 3 4 5 6 7 8 9 10 11 12

1 Carboan dioxide CO, Colourless, odourless; 1-53  Cannotbecenduredat 10 %for 4:0 to 6-0 05 At bottom; when Products of combustion
when breathed inlarge more than few minutes, even heated, may sewer gas sludge gas.
quantities may cause if subject is at rest and oxy- stratify at points  Also  issued from
acid taste. Non-infla- gen content is normal. Acts above bottom. carbonaceous strata.
mmable. on respiratory nerves,

2 Carbon mono- CO Colourless, odourless, 0-97 Combines with haemoglobin 0-04 0-005 12-5 74-0 Neartop, especi- Manufactured fuel gas,

xide tastcless, inflamma- of blood. Hcadache in few ally, if present fuel gas products, co-
ble, poisongus, non- hours at 0-02%; unconsci- with illuminating mbustion products of
irritating. ousness in 30 minutes at 0-2 gas. motor cxhausts; i_ires
to 0-25%, fatal in 4 hours of almost any kind,
at0-1%.

3 Chlorine . Ulg Yellowish green colour, 2-49 Irritates respiratory tracts,  0-0004 0-0001 At bottom Chlorine cylinder and
choking odour, detec- kills most animals in very feed line leaks.
table in vey low con- short time at 0-1 %.
centrations, non-infla-
mmable.

4 Gasoline . CgHy to C;  Colourless,odour noti- 3:0 to  Anaesthetic cffects when in- 0-4 to 0-7 01 13 6-0 At bottom Service Stations,

20 ceable at 0:03%; in~ 4.0 haled; rapidly fatalat 2-49;; garages, storage.
flammable. dangerous for short exposure
at 1-1 to 2:2%.
5 Hydrogen . H, Colourless odourless, 0-07 Acts mechanically to deprive 4-0 74-0 At top Manufactures fuel gas
tasteless, inflammable. tissues of oxygen; does not sludge.
support life.
6 Hydrogen Sul- H,S Rotten egg odour in  1-1s Exposure for 2 to 15 minutes 0-02 0-001 4-3 46-0 Nearbottombut Coal gas, petroleum,
f at 0-01% impairs sense of may be above sewer gas, fumes from

bottom if airis blasting, sludge gas.
heated and hi-

ghly humid.

8¢1



Oxygen (in air) O,

CH, Colourless, odourless, 0-55
tasteless, highly inflam-
mable; non-poisonous.

N, Colourless  tastcless, 0-97
non-flammable. Prin-
cipal constituent of air
(about 79%).

Colourless, tasteless, 1-11
odourless, supports
combustion, non-
poisonous.

About 609% May be practically 0-94
mcthane and odourless, colourless,

409; carbon inflammable.

dioxide with

small amounts

of H,N,H,S,

O,

Acts mechanically to deprive

tissues of oxygen; does not
support life.

Physiologically incrt.

Normal air contains 219 of
oxygen; man can tolerate
down to 12% minimum
safe limit 8 hours cxposure
14 to 169%. Below 10 dan-
gerous to life. Below 5 to
7% probably fatal.

Will not support life.

Probably no

limit provided
oxygen per-
centage is su-

flicient for life.

Would vary
widely with
composition.

o

15-0 Normallyattop Natural gas, sludge gas,

cxtending to a manufactured fuel gas,
certain depth. scwer gas, in swamps
or marshes.

Near top but may  Sewer gas, sludge gas
bec found at also issucs from some
bottom. rock strata.

Variable at di- Oxygen depletion; from

flcrent levels. poor ventilation and
absorption or chemical
consumption of avail-
able oxygen.

Near top of From digestion of
structure. sludge in tanks.

6S1



APPENDIX 9

Equipment and simple tests for detection of gases and oxygen deficiency

Combustible gas indicators are used for testing the
atmosphere for hazardous concentration of inflammable
gases and vapours and for miking quantitative estimates
of the percentage of combustible gas present. The indicator
consists of a battery operated unit, which oxidises or burns
a sample of the atmosphere to be testcd over a heated
catalytic filamznt which is a part of a balanced electrical
circuit. Combustibles in the samples are burned on the
hot wire, thus raising its tempecrature and increasing its
resistance in proportion to the concentration of the com-
bustibles in the sample. The imbalancein the electrical
circuit causes the deflection of the pointer of the meter
which indicates on a scale, the concentration of combus-
tible gases or vapoursinthesample. Thisscaleiscalibrated
in psrcaentag:s ofthe lowzarexplosivelimit. Theindicatoris
generally calibrated for a single specific inflammable gas,
but may also becalibrated for known mixturesof gases and
vapours. The types of combustible gas indicator may be
selected to sult the gas or vapour usually encountered.

Carbon monoxideindicator may be used to detectthe
percentage of the gas present. There are both hand operated
and battery operated units which determine electrically the
srcentage of carbon monoxide present. They are very
sensitive to low concentrations of gas and reliably indicate
low but dangerous concentrations of carbon monoxide.

Thesample of the atmosphere drawninto the indica-
tor is oxidised to carbon dioxide by catalytic action. The
heal liberated by oxidation is proportionalto the amount of
carbon monoxide present and is measured by a differential
thermocouple in series with the indicating mecter which
iscalibrated to read directly the percentage of carbon
monoxide in the atmosphere.

. Colorimatric detectors are used to detect specific gaseS
like carbon monoxide, hydrogen sulphide etc. In a specific
gasdetector, when a sample of the atmosphere is drawn into
the instrumsznt, that specific gas reacts chemically with the
spscial substance in the detector producing a change in
colour. The colour with its intensity produced is compared
with a chart to estimate the percentage of the specific gas
present.

In the carbon monoxide detector the chemical used is
iodine pentoxide or palladium chloride. In hydrogen
sulphide detector the chemical used is lead acetate.

Oxygen deficiency indicator is an adaptation of the
flame safety lamp used by miners, for testing the atmosphere
suspacted of bzing deficient in oxygen. Normally the indic-
ator is used from an external source to test the suspected
atmosphere. The sample of air is drawn in,using an aspi-
rator bulb and the flame inside the lampis observed. When
the atmosphere is normal the flame of the lamp will have
normal appearance. With decreased oxygen contentin the
tatmosphere and the absence of another combustible gas,
he flamz will be dimmzr. When the oxygen content of the
atmosphere is as low as 169 or lower; the flame will be
extinguished.

At altitudes more than 1500m above sea level, the
flame may continue to burn even if the percentage of
oxygen in the atmosphere is less than 16% . Hence this
possipility must be considered at high altitudes.

Simple tests: In the absence of the indicators and
detectors mzntioned above, the following simple tests must
be conducted after providing sufficient forced or natural
ventilation.

In asphyxiating conditions, a safety lamp must be
used. The lamp should burn continuously for at least §
minutes in the atmosphere under test. It is essential to
check if the lamp is undamaged before being used.

For hydrogen sulphide, a filter paper moistened with
5% solution of lead acetate is exposed for five minutes
to the atmosphere under test. As hydrogen sulphide is
heavier than air, the atmosphere at the bottom of the
manhole should be tested. The presence of hydrogen
sulphide gas is indicated by the paper turning grey or
brown. The greater the percentage of the gas, the darker
willbe the colour.

Dstectorsand indicators for various gases and oxygen
deficiency normally encountered in sewage works are as
follows :

Gas or Vapour Detector
Hydrogen Sulphide Lead acetate impregnated paper,

(qualitative)
Hydrogen sulphide ampoules,
Hydrogen sulphide detector
(qualitative).
Mecthane Combustible gas indicator,
Oxygen  deficiency indicator,
Methane alarm.
Carbon dioxide Oxygen  deficiency indicator.
Nitrogen Oxygen deficiency indicator.
Oxygen Oxygen  deficiency indicator.
Carbon monoxide  Carbon monoxide indicator,

Carbon monoxide tube (quantita-

tive).

Hydrogen Combustible gas indicator.
Oxygen  deficiency  indicator.

Gasoline Combustible gas indicator,
Oxygen deficiency indicator
(for concentration over 0.39%).

Sludge Combustible gas indicator
Oxygen deficiency indicator,
Methane alarm.

Chlorine Aqueous ammonia,

Odour.

160
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APPENDIX 10

Sewer cleaning equipment and devices

SEWER CLEANING EQUIPMENT AND DEVICES

T\ §

1\

ROOT CUTTERS
FIG. A-10-1

SEWER BALL WITH MECHANICAL ARRANGEMENT
FIG. A-10-2
161
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SEWER CLEANING BUCKET MACHINE
FIGURE: A~ 10.3

RODDING MACHINE WITH FLEXIBLE SEWER RODS
FIGURE: A~10.4

A,
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APPENDIX 11

Screens

BEstimate the screen requirements for a plant treating
a peak flow of 50 mLd sewage.

Solution
Q max=50 mLd=578.8 Ips=0.5788 m®/sec.
asired velocity through screen V=0.8 mps
(at ultimate flow)
Net area of screen=0.5788/0.8=0.7225 m®*=0.72 m*

Adopting screens with bars of 10 mm width & 50 mm

12X
clear opening, gross area= 0—732——6 =0,864 m*=0.86 m?
. 0.8%
Velocity abovescreen V. = ———86 ER 0.67 mps

29—480 M. of W&H/ND/79

Headloss through the screen=0.0729 (V*—v*=0.0729
(0.88—0.67)_

=0.01343 m say 0.013 m.

If the screen openings are half plugged with screcnings
leaves and debris, velocity through the screen is doubled.

Headloss=0.0729 X (1.6*—0.67%)
=0,0729%2.27 X 0. 93
=0.1538=0.15

A regime of cleaning has to be established, based on this
headloss of 0.15 m (which indicates that the screens are
half plugged).

Assumiong that theinclination of thescreen to horizontal
is at 60°, the gross area of screen needed would be:

0.86
=0.9931=1 m?

32
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APPENDIX 12
Grit Chamber

D:signa grit chamber with flat surfacesand a Parshall
flumz for vezlocity control, the maximum and minimum
flows bzing 50 mLd (578.8 lps) and 10 mLd (115.81ps)
respactively. Velocitiesat maximum and minimum rates
of flow are to be controlled at 0.3 mps.
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2:0.7570""

0.1626 B

Solution

From the Table 11-2, for a Qmax=>50 mLd, a throat
width of 300 mm or 0. 30 m appears to be suitable,

w=0.30m

=

*040:
’$3m

-
%0.90 erA
&G

Ocpe S g

%
Nz20-225 n 5

4 De De
\’L7C17§_L___.
Kz0073 s~ M0

FIG. A 29 PARSHALL FLUME FOR GRIT CHAMBER

Determination of value of Z
From equation(11-11)

- 115.8 "‘213
11— —Z
L 2264%0.30 _
dmig 10 _
dmar 50 — )
- 578.8 2/3
1.1 —-—-———————1 —Z
L. 2264%x0.30 _]
1 0.3383—27
or — = or Z=0.1757m
S 0.9888—27

Determination of depths of flow in grit chamber for the various
rates of tlow :

Q

2264W

the values obtained are shown in Col.
oany table, 3 of the accom-

2/3
—Z,

Using the expression, D=1.1

dnin=0.3383—0.1757=0"1626 m ; and
dmax=0.9888—0.1757=0.8131 m

164

Rate of flow Depthof  Cross- Velocity
Jlow sectionul
mid {ps ————
(m) Area (m® (mps)
1 2 3 4 5
10 115.8 0.1626 0.3853 0.3005
15 173.7 0.2675 0.6339 0.2740
20 231.6 0.3612 0.8559 0.2706
25 289.4 0.4472 1.059 0.2732
30 347.4 0.5279 1.251 0.2777
35 405.3 0.6039 1.431 0.2832
40 463.2 0.6766 1.603 0.2889
45 521.1 0.7462 1,768 0.2947
50 578.8 0.8131 1.927 0.3004

Computation of width of grit chamber :
Using equation (11—13)

b Qmax Qmin
1000 X dpnge- Vrgx 1000 Xy Vnin:
578.8

=2.372m say 2.37
1000x0.8131x 0.3



Cross sectional areas for different flows :

Values of bxd for the different rates of flow are
shown in Col. 4.

Velocities for the different flows :

Obtained by using the Q

expression, v = are shown in
1000A

Col. 5.

Variation of the lowest value of velocity frcm the ma-
ximum velocity is less than 10 which is permissible.

Check for conditions of free flow :

It is necessary that free.ﬂow conditions exist at the
throat entrance and flume exit, if the design velocities in
the grit chamber are to be unaffected.

The free flow conditions are assured in a Parshall flume
when the critical depth Dc is not affected by downstream
conditions, Such conditions prevail when the total energy
H lat the section where the depth of flow Desatisfies the
relation

Q21
D, + ——f —— 2 H4+N AN ()
DW 2g
Q 1
or D, +[ — 2 H+N(for Qin
1000 DW _]2¢g 1ps)...(i1)
Neglecting loss of energy due to fricticn
H=D+{Z=1. vy, .. (iii)
and Q=2264xW H,** Gv)

Substituting (iii) and (iv) in (ii) we get
Dl HA 2 N
—+0.2615[—————]——1.1 Z— ....(V)
H, D, H,

Differentiating (v) with respect to D,

1 D, dH, H2, 1 dH
—_————— 0.2615[—2——- + —.2H, ]

H, H%, dD D% D2 dD,
N dH,
H?, dD,
dH, D, H
or — +0.5230 — 4 —
dD, H2, D?, H2
1 2,
= —+0.5230
A D3,
. dH,
For Q to be a maximum — =
dD,
. 1 H2,
ev —— =0.5230, —
H, D3
or = (0.5230)*/* = 0.8058
A
Substituting this value in (v)
0.2615 _ N
0.8058 + ———— — 1.1 =

0.80582 H,
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ic. 0.1085 =

H,

or H, = 9.226 N
“ Qmax P 2264W x (9.226N)3/2
> 63450 W N3/2
Forathroat width of0.3 mand Nfrom Table 11-2 equal to
0.225 m, Qmax=2032 Ips.
Since this is larger than the Qma« of 578.8 Ips, free flow
conditions prevail.
Tail Water conditions :
For preventing submgrgence
D. + Kz D',
D'. + M 2!D,
Depth at critical sections
V3 Q2
D, (and D)) = —-
g 108 b2 D2,

l,l
|
|

1082 g
From Table 11-2, width at ‘C’=0.6 m

P

78.82

106x0.32x9.8

/578,82
and D' = ¥

= 0.7243m

108%0.62x9.8

De can be calculated by equating the specifc forces at (Fe
sections at D’c and De, the pertinent equation being

Q? Q?
—— ZA =———} ZA,.. (vii)
10°g A, 105g A,

Where “z‘,, and Z, are the depths from the surface of the
centroids of the section.

Since the sections are rectangular Z, ard Z,

depths.

Assuming a width at the section at De of 2 m,
578.82 0.4438

: x'0.4488 % 0.6

are at hajf

+

108x9.8x0.4488 0.6
578 .82 D,

= -+ X D, x2
106%9.8xD,x2 2

whence D3, = 0.18733 D, + 0.01709

Solving D¢=0.376 m

Assuming a width at the Section at D, of1.5m
578.82 0.44388

X0.4488x0.6

108x9.8x0.4488x0.6
578.82 D,
= —— + —xD,x1.5
108 9.8X(0.4488 x0.6 2
whence D% =0.2497 De+ 0.3038=0
Solving De=0.422 m,
(Velocity at D, =0.9143 mps)
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For Quin = 115.8Ips,

1300 m® /d/m® at 10° C. For the lowest temperature of
ls;g the overflow rate will be 130X 1,15=1495 or say
1500.
/ 115.8% Assuming a correction factor of 2/3, the design
D, = ¢ . s = 0.2477m overflow tateg works out to 1000 m’/d/m” e
109x0.3%x9.8 Quex=50mLd = 50,000 m?/d
/115,88
Dy = ¢ = 0.1535m e 1000m®/d/m?
6%0.62x9.8
106 x0.6% x 50,000
and D, = 0.144 Area of grit chamber = 000 = 50m?
Mml‘— Width =2.37 m as already determined /;
D.+K=0.724310.075 >0.4488(D’,) 50 o
D'+ M=0.4488-+0>0.422(D, for 1,5m)  Lensth = S5 = 2lm ’
FOI' len ‘
. . v 50x0.8131x 1440
D,+K=0.247740.075>0.1535(D",) Détention period = — = X
D' +M=0.15354+0>0.144(D, for 1.5m) Q 50,000
All conditions for free flow are satisfied and a Parshall . = 1.17min
flume of 300 mm throat width is the required one. (.al:?out 1 min usually adoptfd)
From Table 11-1, for removing particles of specific Providing a free board of 0.187m, depth=1Im
gravity 2.65 and size 0.15 mm, the ideal overflow rate is

Hence, dimensions of gritchamber are 21mXx2.37m X Im



APPENDIX 13
Secondary Sedimentation Tank

Design a Secondary Settling Tank of an activated
studge treatment plant for 50 de (peak flow) ope-

rating withan M of 3000 mg/1
Solgtion.
Peak factor =2,25
=50
Av. flow =23 mLd.
2,25

%dopting a surface loading rate of 20 m?®/d/m?* at average
ow,

Surface area required

23x 108
= = 1150m*
102% 20
Check Surface loading for peak flow ¢

50 x 108
= 43.48m?/d
102 1150
(checks as itis in the prescribed range of 40-50)
For a solidsloading of 125 kg/day/m?
at average flow, area required

167
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23 x10%x 3000
= 552m?

1000 x 125 x 1000
Al"ea needed forpeak flow at a sotids loading of 250 kg/day
m :

50X 104X 3000

10002501000 =
The highersurfaceare a of 1150 m*is to be adopted.
Adopting a circular tank, :
/ 150x4 .
d= 4 ————— =38.26m orsay 38 m
©
aWeir loading

23 x 108 ,
= 192.6m?/d/m (> than permissible)

= 600 m*

rX38

So, provide a trough instead of a single weir at the
Periphery. Typical details of Sedimentation tank are
given in Fig. A-13.1(a)
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APPENDIX 14
Activated Sludge Plant

Design a conventional activated sludge plant to treat
settled domestic sewage with diffused air aeration system
given the following data :

Population . 1,50,000
Per capita sewage contribution. 1501ped
Settled sewage BODs 200 mg/1
Average flow . . . 22.5mld
Effluent BODs required . 10 mg/1
Solution :
190
Efficiency required = =959%
200

From Table 13-1,
select F/M=0.2 and MLSS(X:)=3000 mg/!

F Q.L, 22.5x%200x 1000
—_— = or0.2 =
M VX, V x 3000
1000

Volume of aeration tank

22.5%200x 1000
V= = 7,500 m?3

0.2 x 3000
Check for Hydraulic Retension Time :
\" 7500 < 24
HRT = ——4MmMm X 24 = ———
Q %1000 T 22.5%1000

= 8 hrs, (within the limits)

Valumetric loading
QxL, 22.5x%200

\" 7500
(within the prescribed range 0of 0.3 10 0.7)
Return Sludge (for SVI=100)

= 0.6 kg BOD;/m?

Q. X, 3000
== = = 43y
Q 108 10
X, — 3000
SVI 100

(within the prescribed range of 25 to 50%)
Tank ditensions :
Adopting a depth of 3 m and width of 4.5 m,
length of aeration channel needed :
7500
= ———— = 555 mor 560 m
Ix4.5

Provide a continuous channel with six baffies, each
length being 80 m to give a total length of 560 m. Total
width of each unit (including & baffles of 0.25m
thickness) =7x4.5+1.5=33m

free board=0.5m

31—480 M. of W&H/ND/79

~-overall dimensions of the aegraticn tank are

80mx33m x 3.5 m.

Check for horizontal velocity :
2.5(1 +0.43)x 108
Q - Qr =

24 %60

22.34
V=-—-—-— = 1.655m/min.
3xX4.5

(0. K. being about 1.5 m/min.)
Air requirements :

Air needed =100 m®/day per kg BOD; removed
100x 190 22.5

= 22.34 m3/min.

24 x 60
= 296.9 or 300 m%/min.
Standard diffuser plates of 0.3m X 0.3 m X 25 mm pas-
sing 1.2m? of air/min./m?® with 0.3 mm pores are chosen.
Total no. of plates needed
300
0.3x0.3x1.2

A plate concentration of 30% extra is provided in
the first half of the tank totake care of more frequent
clogging in this zone.

1?0(())' of plates needed in the first half of the tank

A clear separation of plates of 0.9 m to avoid inter-
ference from rising streams of bubbles, the c/c distance of
the rows of plates=0.940.3=1.2 m.

Providing 8 plates in a row of 1.2 m spacing,
platesin the first 276 m length=220 rows X 8 in each row

=1840
Balance (2780—1840)=940 plates are to be provided in
. 2848
560-—276=284 m. Spacing= = 2.42 m orsay
940
2.4 mcjc.

Check for minimum air availability
In the second half 940 diffuser plates give
940 X 0.3 x 0.3 x 1.2 m®/min;
. air available per m of channel ;
940x0.108

284
= 0.36 m*/min.

Satisfactory as it is more than the prescribed values
0.25 m®/min.
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APPENDIX 15

Design of Trickling Filters

Problem

D:sign a high rate trickling filter plant to treat settled
domesticsewage with a BOD, of 200 mg/1 for an average
flow of 22:50 mLd to satisfy an effluent BOD; of 10 mg/l.
Take peak factor as 2.25.

Solution

Since the efluent BOD; required is less than 30 mg/1
a two-stage filtration plant has to be adopted. While
designing the plant, the filters are designed for average
flow only. However,the distribution arms, underdrainage
system, other pipelines etc. are designed for the peak flow
and checked for average flow.

. For the scheme shown in figure 14.B.(a), the design
is as follows :~—

Adopting an organicloading of 800 gfd/m?® (incoming
BOD; only)
Volume of 1st. stage filter
200 1
=22.50x10% x——X——~=5625 m3
108 800
Adopting a depth of 1-5m,
Filter area needed

5625

1.5
Using a Circular filter, dia

= [ 37504
[ —

T

Since rotary distributors are available indigenously
only upto 60 m, it is desirable to have at least two unitg,

.. dia of filter
[ 3750x4

v ® X2
say = 50 m.

Applying Rankin’s formula for the first stage filter
and varying values of Ry;=0-5; 0:75;1-0; 1-5; 2-0;
2:S and 3-0

Effiziency of First stage filter
= E2 = 1+R1

1.54+R,

gives values of 75; 77-78; 80; 83-33; 85-77; 87-50 and
88889 respectively. These values are entered in column
2 & 3 of table respectively.

Similarly the efficiency of second stage filter =

1+R2
2+R,

for various values of R, are cntered in columas 5
and 6 of Table. Column 4 gives the BOD, passing
through the first stage filter.

E; =

170

Now, the combined efficiency of the filters required
to give an effluent BOD; of 10 mgf1=95%

Efficiency of two stages Ec = E, + E, (1—E,);
for a Ry value of 05, this will be
0:95=0-75 4 E, (1—0-75)

or E;=0-8

For E,=0-

8

R, value from column 5 of Table = 30

Similarly R, values for various E, values for different
R, values to obtain 95% efficiency are givenin column

7 of table.
TABLE
SI. R, E, Se R, E,; R,
No. ) . values
Recir- Effici- BODs Recir- Effici- various

culation ency of passing culation encyof R,val-

ratio  1Ist. through ratio 2nd  ues to
of Ist. stage Ist.stageof 2nd stage give95%
stage filter  filter stage filter effici-
filter filter ency
m @ 3 4) (5) ©) N
1 0-50 7500 5000 050 6000 3-00
2 075 77-718 44-44 0-75 63-64 2:50
3 1-00 80-00 40:00 1:00 6667 2-00
4 1-50 83-33 33:33 1-:50 .71-43 1-50
S 2-00 85-77 28-66 266 7500 1-60
6 2:50 87-50 25-00 2:50 77-78 0-50
7 3-:00 88-88 22:22 3-00 80-00

The hydraulic loadings for different R, values, in
terms of kLd/m?® for the average flow

22.50 %108 4
= X (1+R,) is worked out
2x 108 n x 502
R, Hyd. loading (m%/d/m?)
0-50 86
0-75 10:03
1-00 11-47
1-50 14-33
2-00 17-20
2-50 . 20:06
3-00 . 22-94

Choose R,=2 for First Stage Filter and
R,=1 for Second Stage Filter.

Organic loading (recirculation included) for the 2

filters of dia 50 m and depth }.5m

(20042 X 28.6)

= 22.5%x108

= 982.8 g/d/m3
This is less than 1800 g/d/m® and therefore the
equations are applicable. )
Choosing an organic loading 500 g/d/m?

108

2Xwx50tx1.5
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Volume of 2nd stage filter

28.6 1
= 22.50 X 10® X —— X ——
10® 500

=1287 m3
Adopting a depth of 1 m
area of filter = 1287 m?

Check for hydraulic loading

(1+1)
= 22.50 X 10® X ——— = 34.95 kLd/m?
1287

which is more than permissible.
.. Area required for the maximum permissible hy-
draulic loading of 30 kLd/m?

)
=225 X 10® X = 1500 m?

30

Adopting Circular Fiiter, dia
= [ 1500 x 4

™
= 43.71m
say = 45m.
So adopt 1 unit of 45 m dia and 1 m depth
for 2nd Stage Filter.

DETAILED DESIGN OF 1ST STAGE FILTER

Rotary Distributor
This is designed for the peak flow +- the recircg]alion
of the average flow at the rates prescribed. In this case
the recirculation is 2 times the average flow.
~. total flow through the filters at peak flow with 2.25
peak factor
=22-5%X2:254+2%X22.5 = 95-625 mLd
or = 1-108 m3/s
This flow is divided into two units.
.. flow through each unit at peak flow=0-554 m?/s.
Adopting a velocity of 2 mps, dia of central column

/ 0.554 x4
=] ——— =0.594m
V4 X2
Provide a central column = 06 m.
Check for velocity at average flow :
Ave. flow=22:5%x10* X (1+2) = 675 mLd

=0-7812 m?/s
.. Vel. at ave. flow
0.7812 4
= X
2 = X(0.6)?
= 1-38 mps

(> 1 mps stipulated)

Distributor

Assuming rotary reactionspray type distributor with
4 arms

discharge per arm

0.554
= = 0.1385 m?¥/s
4
Dia of Filter = 50 m.

50—2
Arm length = ——2——- = 24 m with 4 sections

of 6 m each.
32—480 M. of W&H/ND/79

The flow in the arms has to be adjusted for every
section of 6 m length in the proportion of the area covered
by these lengths of the arm. Therefore, the area covered
by the different lengths of the arm are calculated.

Let Ay, A,, Ajand A be the areas covered by each
length of arm starting from the centre. Allowing for
0-7 m dia in centre to be used up for central column etc.

the areas are
A; =7 (6.35% —0.352) = 126.3 m?
A, = 7 (12,352 —6.35%) = 352.6 m?
A = = (18.352 — 12.35%) = 578.9 m?
A, = 7 (25.002 — 18.35%) = 905.5 m?

~. the proportionate area for each length of arm
Ist. i.e. from column to 6-35m

A,

A1+A2+ A3+A4
126.3

—_—— = 6.4%
1963

Similarly 2nd .
3rd . .
4th > .

18:0%
29-5%
46-1%
Orifices

Assuming a dia of 25 mm for the orifices with a Cy
value of 0-6and head causing flow equal to 1-5 m discha-
rge thro® each orifice

= CaAv2gh

™
=0.6 x — x 0.025% X v/ 7%9.8%1.5
4

= 0.001596 m3/s.
~. no. of orifices required in each arm
Total discharge thro® arm
=discharge thro’ each orifice

0.1385
0.001596

No. of orifices in each section of the arm is
6.4

— X 87a¢6 nos.
100

18

—— X 87a416 nos.
100

29.5

—— X 87a426 nos.
100

46.1
—— X 87439 nos.
100
Diameter of different sections of the arm

The flow through velocity in the arm should be less
than 1-2 mps.

(a) Discharge thro’ Ist. section = 00,1385 m¥/s
. Cross sectional area with 1.2 mps

0.1385

1.2
=0.1154 m?

= 86.82 Say 87 nos.

1st Section

20d

3rd ,,

4th




Assuming circular section, dia of pipe

p 0.1154 x4
= ———=10.3834 m

™
= say 400 mm.

(b) Discharge thro’ second section
=(1—0.064) x0.1385 = 0.1296 m3/s
For a velocity of 1.2, dia needed

-‘/0.1296x4 .

=0.371m
1.2x =
= say 370 mm.
0.1296 x4
Velocity =
nx0.372
= 1.2 mps.

(c) Discharge thro’ 3rd Secticn
=(1—(0.0644-0. 18)] x 0.1385=0.1047m?/s
For ajvelocity ‘of 1.2 mps, dia

‘/0;1047x4

=0.333d m
= 1.2%Xw
= say 340 mm.
0.1047 x4
Velocityl= =i11.154 mps.
7nx0.34%

(d) Discharge thro’ 4th Section
= 0.461%0.1385=0.06386m?s

For a velocity of 1.2 mps, dia

" /0.06386x4 ¥
=0.2665 m

1.2%7w
Choose 270 mm
0.06386 x4

©x0.272

Velocity = = 1,116 mps.

Spacing of Orifices
1st Section 6 nos.in 600 cmi.e.

600
—— = 100 cm c/c
6

2nd Section 16 nos.in 600 cmi.e.
600
—— =]37.5cmc/c
16

3rd Section. 26 nos.in 600 cmi.e.
600
— =23 cm c/c
26 ’

4th Section 39 nos.in 600 cmi.e.
600
~—— = 15 cmic/c
39
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Under drainage system

Total discharge through each filter at peak flow

flow=0.554 m?/ 8/s

The under drainage system is designed with a rperi-
pheral collecting channel fed by semi-circular laterals
placed at0-5 m cfc with aslope of 2:5% in each half
circle. The invert level of all laterals at their junction
with the peripheral main collecting channel is kept at
the same R.L.

Ave discharge per latcral

0.554
100x2
= 0.00277 m3/s
nq 0.015%0.00277
ar2/3 = =
st 0.0252
= 0.0002630

The laterals are designed to flow half full to provide
for proper ventilation

a a E:3

ie.—=0.25; —=— x 0.25=0.1962
A d,? 4

From Appendix 26

a ar%fs

for of 0.1962, value of

d°2 d°8/3
=0.05915

ar?3 0.0002630
d83 = %
0.05915 0.05915
0.000263 38
[ 0 .059151
=0.1312 m.
Adopting 14 cm dia
ar?/® 0.0002630
(0.14)8/
=0.04975

From Appendix 26
a

do =

do%/®

Corresponding =0.1711

(]

0.00277
Velocity =

0.1711x0.142

=0.8260 mps

(>0.75 required)

Check for Velocity at average flow

Total discharge = 22:50 + 2X%22-50=67:50 mLd

= 0:7812 m¥s.
.. Flow thro’ each filter = 0-3906 m?/5

0.3906

Average flow per lateral= =0.00195 m3/s
100 x 2

0.015x0.00195

0.02512
=0.000185

ar}f? =
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ar3/s 0.000185
and =
do%/® (0.14)%8
=0.03501
a
Corresponding  ——— = 0.1363
d,?
0.00195
Velocity =

0.1363x0.14¢%
=0.73 mps
(>0.6 required)

The laterals are covered with perforated blocks ca-
pable of withstanding the load of the filter media. It
should be ensured that there is at least 15 of the total
filter area available in the form of inlet openings for the
fiow into the laterals to ensure proper ventilation.

In the present design the totalsurface area of thelater-
als at the floor level of the filter is about 207, of the filter
area. Therefore, it is to be provided with cover blocks
having about 75% openings so that the inlet area available
is about 15% of the filter area.

Design of main Collection Channel

It is desirable to provide
the main collection chan-
nel along the periphery
of the filter as shown in
sketch, The flow is
divided into two and
the flow from each _semi-
circle is collected in the
peripheral main channel
which is laid to a con-
stant slope of 0.5%.
The fllter can be divided
into four segments and
the main channel checked
to see if free fall condi-
tions exist while flow
from the laterals ofeach
segment falls into it.

To provide a free fall from theinvertof the laterals
assume the depth of flow to be 59 less than the deg it of
semi-circular section.

y 0.95
i.e. =
do 2
=0,475
1st Segment

q==0.1%0.554=0.0554 m3/s
From Appendix 26

ar2/3
for

= 0.475;
do d.8/3

a

=0.1426 & ——ounr = 0.3677
d,2

For a slope of 0.5% and n=0.015

nq 0.015x0.0554

s 0.00512
= 0.01175

[o .01175 ]3/8
0.1426

= 0.3921 m.

ar2fd=

Adopting 40 cm or 0-4 m dia & 0.5%; slope

ar2/3 0.01175
= — = 0.1577
do%/® (0.4)32
b y a
And for this — = 0.503 &
o . o2
= 0.3964
0.0554
Velocity = —— —————
0.03964 0 .42
= 0,8734 mps
(>0.75 required)
2nd Segment

=0.25%0.554 = 0.1385 m?¥/s
Vertical depression at the end of the 2nd section
D 0.5
[ ——— X ———— = 0.2 m
4 100
Total additional flow in this section
= 0,15x0,554=0.8310 m3/s
Flow that can be accommodated
= 0.2x0.4%1=0.08
(assuming 1 mps velocity)
Hence choose a bigger section; say 50 cm.
Redesign of 1st Segment
ar?f® = 0,01175
ar?3 0.01175

= = 0.0746
d.%/® (0.5)%/
For this value
a
= 0.2284
K
& = 0.3325
0.0554

Velocity =
0.2284x0.52

= 0.9266 mps
(>0.75 mps required)
Check for average flow (recirculation included)

flow in Segment
0.7812
] = — x 0.1
2
= 0.03906 m?/s

ar’*  0.03906x0.015 1

= X
do¥/® 0.0051/2 0.5
0.0526

f

0

For this

y
= 0.1777 & — = 0.2768
d
0.03906

0.1777x0.52
= 0.8794 mps
(>0.6 mps required)

Velocity =



2ud Segment
q = 0.1385 m3/s

0.1385%x0.015

ar?fs =
0.0005Y/2
= 0.02939

0.02939

(0.5)%/3

= 0.1865
For this value

a

ar2/3

do®/®

= 0.5575

y
= 0.450] &
d,? do
*. Velocity
0.1385
= —— = 1.231 mps
0.4501 x0.5%
depth of flow
=0.5575x0.5=0.27875 m
=0.28 m
depth from invert of channel to invert of lateral
=0.254-0.20=0.45 m
*. Clearance
=0.45—-0.28=0.17 m
ensuring frec flow conditions.

3rd Segment
q=0.4x0.554=0.2216 m?/s
Assuming depth of flow above

semi-circular section to be ‘X’
7R2 4+ 0.5xx
2
nR + 2xXx
nXx 0,252
2

nx0.254-2x
0.09624-0.5x

0.7854+2x

d
r = —
p

4+ 0.5x

)
- 0.2216 = ——[ 0.0962+0.5x] x
0.015

0.0962-+0.5% 42/3
[—-——————-—] X(0.005)
0.7854+2x
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(0.0962+40. 5x)5/3

or
(0.78544-2x)2i3
=0.04810
Solving the LHS for different values of x by trial and
error.
Value of x Value of RHS
0-1 . . . 0-04151
0:13 0-04637
0-14 0-04817
‘Y X =10.14m

and depth of flow=0-25 + 0:14=0-39 m
against available depth of 0-25 + 0:3=0-55m
which ensures free flow conditicns.

0.2216
Velocity = ———————
0.0962+0.07
=1.334 mps.
4th Segment

q= 0'5 X 0-554=0277 m%fs
let ‘y’ be the depth of flow above the semi-circular
section, then
asin 3rd segment

0.0962+-0. 5y

0.7854+2y
1 (0.0962+4-0.5y) 8/

a
[= — =
P

s 0.277= X 0.005/2
0.015 (0.78544-2y)3/s
(0.0962-40.5 y) 53
or
(0.7854+4-2 y)23
=0.05876
] Solving the LHS by trial and error for different valucs
o ‘yQ
y=0.2m

and depth of flow
= 0.2540.2 =0.45m
against available depth of
0.2540.4 =0.65 m

ensuring free flow conditions.

0.277
Velocity =————
0.09624-0.1

=1.412 mps
Design of exit channel
q=0.554 m3/s for each filter

Assuming a channel of rectangular section with a
slope of 0.5%

A
P=2d4 wand A=wd;r=—0o
P
wd
or r=
2d4w
1 1 (w.d.)}
= —art s} 0.554=——— X w.d. X ———
n 0.015 (2d+w)
X 0.0013




-~

(w.d)p
2d4-w)

Assuming & depth of 0-4 m to prevent submergence
and solvlngugy tﬂannd error e

wa=(,855
Now for a value of w=0-835 what is the value of ‘d*
i.e. (0.885d) 3

(2d4-0.855)32
=0.1175
" d=0.395 m (< 0.455 m)
.*. Effluent channel from each filter will be of size
0:855m X 0:455 m with 0-5% slope.
Veutilation

Since the filter is large having a dia of 50 m provision
for open grating area has to be made at 1/250 of the

=0.1175

or

33430 M. of WAH/ND/79
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filter area
.. Area of grating needed
X 508
4250
=7.85 m*
say 8.0 m?

.. Provide 8 nos. of gratings of size 4 m X 025 m
providing a total of 8:0 m?® ventilation area.

2ad Stage filter

The details of the second stage filter is also worked
out on these lines.

Typical sketch of a Trickling Filter is shown in Fig.
A-15.1.
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Design an oxidation pond based on the following

given data :
Location 26° Latitude
Elevation . 1000 m above sea level
Mean monthly tem- 25°0 max. & 10°0 min.
perature.
Population served 10,000 /
& Sewage flow . 150 lpcd
4(' BOD; for raw sewage 300 mg/fl
Desired efluent BOD; . 30 mgf1

Sky clearance factor . 0-60:

Per capita BOD contri- '
bution per day

Pond removal constant :
at 20° C. . . 01/d

Solution :

0-045 kg/day

= 1-03
. 100
correction factor for sky clearance = ————
104.5
corrected loading factor
210 100
= ——X
1.03 104.5

= 195.1 or 195 kg/ha/day
Applied BOD,g
= 10,000x0.045=450 kg/day

Pond area
450 .
= —— = 2,309haor2.3ha
195 4

Pond removal constant at 10°C,

Py = 0.1x1.047-%

' detention period
1 L
t= | log —
.' ) / PT IJ'—‘Y
S fo 300
= log —
. 0.0631 30
\
\ 1
U 0.0631
= 15.85 days or 16 days.
Pé&d Volume
! 150 % 10,000 x 16
= = 24,000 m3

) 1000

APPENDIX 16
Waste Stabilization Pond

Areal BOD; loading at 26° Nlatitude=210kg/ha/day
correction factor for elevation=1-(0-003 x10)

24,000
.*. depth= = 1.045 msayl.lm
2.3x10,000

Sludge Accumulation
Per Capita
Suspended solids in rawsewage = 90 gms
Settleable solids =54 gms
Fixed solids fraction inthe Settlea-

ble solids =16 gms
Volatile matterin the Settleable

Solids =38 gms
Volatile matter destroyed =2/3x 38 gms

Volatile matterremaining in sludge =3x38=12.67 gms

During digestion 25 % of the volatile matter is converted
into fixed solids
. *. Total fixed solids
38

Total sludge solids per capita

=25.5+12.67=138.17 gms
Assuming a moisture of 80 7; and specific gravity of sludge
Of 1-05, volume of wet sludge accumulated per day

100 1
= 38.17X——x—— = 181.8 ml,
20 1.05

Vol. of studge per year from 10,000 population
181.8 %365 % 10,000
= = 663.4 m?
10¢
depth of accumulation per year
663.4
= — = 0.02885 m
2.3x10¢
So a cleaning schedule of at least oncein 5 years may
be adopted.
Adopting a paraliel-series systcm of 6 ponds wjlh 4 primary
ponds and 2 secondary ponds of cqual area wilh 2 primary
ponds feeding a secondary pond(which would also give the
required primary pond arca as 65 to 70, of the total
pond area) '
Area of each pond

2.3

6
Adopting rectangular ponds of length to breadith=3:4
breadth = 36.06 m or 40 m
4000

= 0,39 or 0.4 ha,

==

length = = 100m
40
Adopt unitsof 40 m X 100m x {-6m (including 0-5 m
freeboard) ‘
Typical details are shown in Fig A-16.1, A-16.2

and A'l6v30
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APPENDIX 17
Oxidatlon Ditch

. Designan oxidation -ditch to treat sewage with an
initialBOD, of 300 mg/t from a contributory popu-
lation of 5000 to give an effluent BOD, of 20 mg/l.

dTotal flow of sewage at 150! pcd =5000 % 150/10*=0-75

BOD; removal required
30020 :
= —93Y%
300
Choose an F/M=0-1 and MLSS=3,000

F Q La

M VY
(1‘000 X
0.73x 300 x 1000
0.1 = ;. V=750 md
vV x 3000
Vx24 750 % 24
HRT = = = 24 hrs
. ithi
Qx1000 0.75x1000 t(x:s;;gciﬁed
range)
Volumetric loading :
QxLa 0.75x%x300
2 = = 0.3kg BOD;/m?®
v 750

(in the prescribed
range of 0.2100.4)

return sludge (for SVI=100)

r 3000

Q 10 10°
—_ =X, ——— — 3000
SVl 100

(in the prescribed range of 0:35 to1:5)
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O, for BOD, removal =1-2 kgfkg of BOD removed
=1:2x0-75X280=252 kg/day
=10-5 kg/fhr.

Oxygenation capacity of the cage rotor of dia 70 cm,

75 rpm, at immersion depth of 16 cm =2-8 kg of 0p/hr/m
length.

... lengthofrotor needed on the
basis of oxygenation capacity

10.5 :
= —————=37morsayd4dm
2.8
length of rotor needed from velocity 750
consideration of 0-3 mps (assuming . _ __ _ 5m
150m® of ditch volume per metre 150 -

length of rotor for adequate cir-
culation) :

Adopt 2 rotors of 2:5 m length each

width of ditch =3m (gi}('iin)g a clearance of 0-25 m on either
side
adopting a depth =1'5 m

Surface area needed

750

1.5
Adopting 2 ditches, surface area of ditche=250 m?*
Length of the ditch

250
= ——-——3 =83.30r8 m

= 500m*

Power requirements for each rotor
= 1.35x2.5= 3.375kwsay3.5kw
Energy requirements per year =3-5X2x24 X365= .
4 61,320 kw
A sketch of oxidation ditch is shown in Fig. A-17.1.
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APPENDIX 18
Sludge Digestion

Deslgn a digester for 1,50,000 persons for digesting
mixed raw and activated sludge.

Solution:

From Table 16—1,

Volumes of mixed raw primary, activated and mixed
digested sludges.
% of V.M. inraw mixed sltudge
58
= — x 100 = 68.23%
85

% of non-volatile matterinsludge
27
= — x 100 =31.77Y%
85

. Sp. gr. of dry solids in mixed raw sludge.

100 68.23 31.77

+
Sd 1.0 2.5
s Sd'=1.236

Sp. gravity of wet solids in mixed raw Pr. 4 AS.
Percentage solids (4 %)
100 960 4
. = + ». Sw=1.008
Se1 1 1.236

Volume of mixed raw sludge

(Primary + Activated sludge)
100 1 1000
= 85 X X X
4 1.008 108

= 2:11m?/1000 persons/day

Sp. gr. of dry solids in digested mixed Pr. & A.S.
% V. M. in digested sludge
20
= —— x 100 = 35.09%
57 ¢

% Non V.M. in digested sludge
37
= —— x 100 = 64.91°
57 %

100 35.09 64.91
AN = + .8y =1.64
S¢’ 1 2.5

Percentage solids in digested sludge =79
.. Sp. gr. of wet solids
100 93 7

+
s, 1. 1.64
v S, = 1.028

183
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Volume of digested mixed sludge

100 i 1000

X X
7 1.028 108
= 08 m*/1000 persons/day.

= 57 x

Assuming a parabolic reduction of volume and a digestion
period of 30 days at 27° C (vide Table 16-2) and 60 days
storage in monsoon, capacity of digester required vice
equation 16—3
V=[Vi—§(Vi—V)IT,+ V4T,
=[2.11—§(2.11—0.8)]30+0.8 x 60

= 37.11448=85.11m?/1000 persons.

Vo!. of digester needed for 1-50 lakh persons—

85.11 % 1,50,000
= 12,767m? say 12,800m3
1000
{within 08.0—-0.15 m*/capita for combined tludge)
Loading factor :
58 kg/day
Vol. solids = T—— = 0.681kg/day/m?3
11

(within the prescribed range of 0-3—0- 75).

Dimensions of the digester:

é\.ssuming a cylindrical = 0.9m?¥kg volatile
igester, average gas
production. matter destroyed

Volatite matter destro-
yed in the combined = 38gms/cap
sludge

38

x 1,50,000=5700kg
1000

Gas produced =0:9%X5700 ==5,130 m?

Min. area of digester 2x 5130
required (to avoid = ————— =.]1140m?
foaming) 9

12,800

1140

But depth should not exceed 9m. Hence 2 digesters are
proposed

Adopting 8 m depths for the 2 tanks

dia. of each digester

== 1llm

depth =

12,800 x4
== = 31.9 m
nX2x8§

Provide a free board =06 m (for floating cover).
Adopt 2 numbers of 32 m dia X 8-6 m. height.
Typical details of sludge digester are given in Fig. A-18-1
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APPENDIX 19
Sludge Thickening

Designagravity thickener for thickening the combin-
ed primary and activated sludge from a treatment plant for
150,000 population

Solution :
Percapita  settleable suspended

solids in primary sludge = 54 gm/day
Per capitasettleable SS in activated

sludge = 31 gm/day

85 x1,50,000
— = 12,750kg/d

Wt.of combined sludge =
Average solids loading =40 kg/m®*/day
Hydraulic loading required =25 m*/m*/day”
Specific gravity of wet mixed sludge =1.008
Assuming solids in combined wet sludge as 3%
Volume of sludge/day
100 1 1

85 x X X

3 1.008 108

= 421.8 m3/d Say 420 m?/d

X 1,50,000

35—480 M. of W&H/ND/79

12,750
Area needed = = 318.7 m? Say 320m?
40
Flow needed for giving hydraulic loading of
25m3/m?/d = 320x%25m3/day=8000m3/d
.*. Balance of (8000—420) =7580 m?®/day is made avai-
lable by blending with primary or secondary effluent.
Assume a side water depth =3 m,
Sludge detention period
\Y 320x3x24
— = = 54.9 hrs.
Q 420
(724 hrs. O.K.)

Assuming a circular studge blanket type thickener, dia of
the tank

~ [ 320x4
= —————— =20.19 or Say 20 m

T

Sludge blanket restricted to 1 m is adopted
Expected solids in the thickened sludge =6

185



APPENDIX 20

Sludge Drying Beds

Design a sludge drying bed for digested sludge from
an activated sludge plant serving 150,000 people.

Solation

Solids in digested sludge (from mixed =57 gms/cap/
day primary and activated)

Daily solids =1,50,000 x 57=85,50,000 gms =8550 kg,
Adopting a dry solids loading of 100 kg/m*/year,

8550 365
area of bed needed= = 31210 m?
100
31,210
Check for per capita atea = = 0.21m?

150,000
(within the range of 0.175 to 0.25)

Adopting 8 m wide x 30 m long beds with single
point discharge and a bed slope of 0.5%,

SLUDGE'

|

) 31,210
" the pumber of beds needed = = 130
8% 30
Assuming 2 months of rainy season in a year and 3

weeks for drying and one week for preparation and repair
of bed, number of cycles per year would come to 10.

Volume of digested sludge (assuming 7% solids and
a specific gravity of 1.025) :

100 1 1
= 8550 X — X — X —
1.025 1000

119.2 m3/day
say 120m3/day

Al

Depth of application of sludge

120 X365
= = 0.140 or 14 cm.
130x8x30x10

Typical details are given in A-20,1
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APPENDIX 21
Septic Tank

Dssign a septic tank for a smallresidentialhousing
colony of 100 users and also design the soil absorption sys-
tem for disposal of the septic tank effluent. (Assume the
parcolation rate as 20 minutes per cm and the water table
is/below 180 cm from the ground level). .

Solation :

From the Table 22.3 estimated peak discharge for
residential housing colony of 100 users is 240 lpm. Sludge
withdrawal will be once a year.

240%0.92

10
= 22.08 m? say 22m?

From 22.1.2.4. the total volume of the septic tank would
be as follows :

1. For sedimentation (assuming 0.3 m depth)
X0.3 = 6.6

.. Surface area of the tank =

m8

2. For digestion 0.032 x100 = 3.2 md
3. Por sludge storage(0.0002 %365 x 100)= 7.3 m’
4. For free board including provision for .
seed sludge 22x0.3 B 6.6 m
23.7 m?

23.7
.. Total depth of tank = ———— = 1.08 m-
22 say 1.1 m

36480 M. of W&H/ND/79

Providing length : breadth = 2.5:1

The tank dimensions are 7.5 m x 3.0 x1.1 m

Typical details are shown in the Fig A-21.1
Soils absorption system:

The total soil surface area required is

130
Q= —_
Vit
where, Q= maximum rate of effluent application in

Ipd/m* of leaching surface and t = standard percolation
rate in min.

Since t = 20 min;

130
Q= —
V20
Assuming 150 Ipcd,
Total flow per day =150x100=15,000 Ipd

Total area of trench required =15000/29 =517.2m*
say 520 m?

= 29,07 say 29 lpd/m?

Adopting a trench width of 1m, and a separation
?ggv(;eer: trenches of 2m,totalland arearequired=3 x 520=
m

Provide 20 trenches, each 26 m long and 1 m depth
Typical soil absorption system with dispersion trenches

for above design is given in Fig. A-21.2
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APPENDIX 22

Soil Percolation Tests

To design a suitable soilabsorption system for disposal
of effluent from septic tanks, percolation tests shatl be
carried out, on the proposed site for location of the
absorption system, in the following manner,

Six or niore test holes spaced uniformly over the pro-
posed absorption field shall be made.

A square or circular hole with side width or diameter
of 10 cm to 30 cm and vertical sides shalf 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 shallbe filled fora
depth of about 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 gravel and allowed to soak for 24 hours.
If the water remains in the tets hole after the overnight

37—480 M. of W&H/ND/79

swelling period, the depth of water shall be adjusted to
15 cm over tbe 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 10 calculate the pereolation 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.
point, the drop in water level shall be measured at 30 min
intervals for 4 hours, refiliing to 15 cm level over the gravel
as necessary, The drop that occurs during the final 30
min period shall be used to calculate the percolatipn rate.
The drops during the earlier periods provide information
for the possible modificatign of the procedure 1o 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
overnigk swelling period, the time interval between mea-
surements shall be taken as 10 minutes and the test run
for one hour, The drop that occurs during the final 10
minutes shall be uscd to calculate the percolation rate.

Basced on the fina! Jrop, the percolation rate, which
is the time in minutes required for water to fall 1¢in, shall
be calculated.

From a fixed refcrence:



APPENDIX 23

Operation Troubles in Sewage Treatment Plants

Signs & Symptoms

Possible Causes Suggested Action

(M 2 &)
Pretreatment
(, Unusual or excessive Increase in domestic sewage or indus- Clean screens more often and report.

screenings. trial waste.

- :(i

Roadwashings, ashes or material from
building site.

Velocity is toolow and detention pec-
riod too long.

Excessive grit . .

Exc:ssive organic matter
in grit,

Velocity is too high and detention too

Carryover of grit . .
short.

Sedimentation Tank

Floating sludge—in all
tanks.

Accumulated sludge decomposing in
the tank and buoyed to the surface.

Floating sludge—not in Affected tanks receiving too much
all tanks. sewage.
Septic conditions.

Septic sewage or strong digester super-
natant.

Bubbles rising in tanks .

Contents black and odo-
rous.

Excessivesettlingin Inlet Velocity too low

channels.

Accumulated sludge

Excessive suspended mat-
Flow through tanks too fast (over-lo-

ter in efffuent

—all tanks ading).
' ' Humus sludge or under-drainage re-
turned too fast.
—not all tanks ., . Some tanks receiving too much sewage.

Execssive floating matter Defective scum boards or none

in the effluent,

Ly Sludge pipes choke . Sludge too thick

Sludge contains grit

Intermittent surging of High intermittent pumping rates.

flow.

Sludge hard to remove High content of grit and/or clay

from hopper
Low velocity in withdrawal line

Trickling Filters
Filter ponding . . Rock or other media too small or not
sufficiently uniform in size. Organic

loading excessive.

Report and get them diverted.

Reduce the cross-sectional area of the channcl
occupied by flowing sewage.

[nstall planks, bricks ortile along sides of channel
or reshape or repair outlet weir to proportionally
reduce depth of flow for all normal present flow rates;
or decrease the number of channels used; or reduce

length of channel by moving outlet weir.

‘Remove grit more frequently or increase number of

channels;or increase cross sectional area of channels.
Remove sludge more completly and more often.
Reduce flow to affected tanks.

Report and empty tank completely as soon as possible.

Take action to eliminate septicity by improving hy-
draulics of sewer system, preaeration of organic
industrial wastes admitted to the system efc.; or
improve digester operationso as to have improved
quality supernatant; or reduce flow into settling
tank or bypass completely supernatant to lagoons
etc. till situation improves.

Reduce cross-sectional area by installing inner wal] of
suitable material along one wall of channel; or agitate
with air, water or otherwise, to prevent deposition.

Clean tanks more often.
Report and get the loading reduced.

Reduce pumping rate.

Reduce flow to affected tanks.
Repair scum boards or install new ones.

Clean more often.

Clean grit chamber more often; if chokage persists
report. Change sludge piping, if necessary.

Adjust pumping rates to keep close to rates of flow
orinstallor adjust baflingto reduce inlet velocity and
t<} havle( effective flow dis tribution across the width
of tank.

Reduce grit content; or reduce clay-content; or rod
the clogged lines.

Pump sludge more often; or change sludge piping.

Rake or fork the rocks on film surface with light equip-
ment; wash the filter surface witha stream of water
under high pressure; or stop the distributor over the
ponded area and allow continuous flow of sewage;
or dosethe filter with heavy application of chlorine
(5 /I Cl, in filter influent) for several hours at
weekly intervals or take the filter out of use for

38—480 M. of W&H/ND/79 191
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APPENDIX 23
1)) ) 3)
one day or longer to allow it to dry out
or replace filter media if above methods do
not succeed.
Filter Flies . Develop most frequentlyin an alter- Dose filter continuously not intermittently; or remove

nate wet and dry environment,

Anaerobic decomposition of sewage
sludge or biological growths

Odours . .

Air temp. at or below 0° C; or progres-
sive lowering of temperature of ap-
plied sewage by recirculation; or un-
even distribution of sewage on filter,

Icing of Filter Surface

Activated sludge

Change in sludge volume High soluble organicloads in sewage
index

Rising sludge (in settl= Due to excessive nitrification
ing tanks)

Synthetic detergents cause frothing.
The froth increases with decrease in
aeration liquor suspended solids or
increase in aeration; or increase in
degree of purification of sewage; or
increase in atmospheric temperature,

Frothing . .

Sludge Digestion

Fluctuations in sludge
temperature

Temperature drops in_ Sludge solids adhering to coils forming
unit with hot water coils a thick insulating layer preventing
heat transfer to digester.

Temperature _constant, Increase in scum accumulation; or in-
gas production drops.  crease in grit accumulation; or ex-
cessive acid production or acid con-
dition due to
(a) organic over-loading
(b) acid wastes
(c) toxic metals, Cu, Ni, Cr & Zn.

Foaming . . . Insufficient amount of well buffered
sludge in the digester; or excessive
additions of raw sludge (with high
volatile content); or poor mixing of
digester contents; or temperature too
low for prolonged periods followed
by rise 1n temperature of digester
contents; or withdrawal of too much
digested sludge; or excessive scum or
grit accumulations.

Sludge Drying Beds
Sludge dries moreslowly Sludge layer too' thick
than usual Second dose applied too late,
Standing water
Bed surface clogged
Broken or clogged drains

excessive biological growth; or flood the filter for
24 hours at weekly or biweekly intervals (it should
be done at intervals frequent enough to prevent the
fly completing its life cycle between floodings); or
wash vigorously the inside of the exposed filter walls;
or chlorinate the sewage (3 to 5 mg/1)for several hours
at frequent intervals of 1 or 2 weeks; or apply DDT
or other insecticides.

Maintain aerobic conditions in all units including sewer
system or reduce accumulation of slimeand biological
growth; or chiorinate filter influent for short periods
when flow is low or reduce unusually heavy organic
loadings as from milk wastes.

Decrease number of times sewage is recirculated; or
where two‘sta%e filters are used, operate filters in
parallel with little or no recirculation; or adjust
orifices etc., to improve uniformity of distribution
over filter and to reduce spray effect; or erect a wind
screen at the filter in the path of prevailing winds;
or break up to remove ice frequently,

Decreasc aeration liquor suspended solids ; or bulking of
activated sludge may be controlled by proper appli-
cation of chlorine to return sludge; or control sludge
index by converting digested sludge to activated
sludge.

Increase the rate of return of activated sludge from the
final settling tank; or decrease the rate of flow of
aeration liquor into the tank; or increase the speed
of sludge collecting mechanism in the final settling
tank to increase the ratc of removal of sludge; or
decrease nitrification by reducing aeration or lowering
the detention period.

Use water, effluent or clarified sewage sprays in the
frothing areas; or apply defoamants in small quap~
tities to tank surface (repeated dosing is necessary)
or increase aeration liquor SS concentration,

Pump large quantities of thinsludge at high rate for
cooling it.

Clean the surfaces of coils or replace this form of heat-
ing with an external heat exchanger.

Control scum; or control grit; or prevent excessive
acid conditions by reducing organic overloads; or
reduce acid wastes by pretreatment; or eliminate
toxic metals or add lime to keep pH between 6:-8
and 7-2; or proper quantity of over digested sludge
should be withdrawn from digester.

Temporarily reduce or stop raw sludge additions; or
add lime to keep pH between 6- 8 and 7- 2 while other
corrective measures are undertaken; or restore good
mixing within digester; or raise temperature to nor-
mal range; or breakup and remove excessive scum
layer; or if large quantities of oil or grit are pres-
ent, empty digester.

Put on less sludge.

Do not apply second dose if first has started to dry off.
Decant water,

Rake over, skim if necessary and redress the surface.
Set them right,

~f add



APPENDIX 24
Minimum Equipment needed for Tests

Type of plant Type of plant
Small Large Small Large
1, Turbidimeter — v 18. Magnetic stirrer V4 v
2. Hot air oven v 4 19. Sedgwick rafter funnel — v
3. Water bath with 6 to 8 concentric 20. Foerst Centrifuge or equivalent — V4
! holes anddiscs, electrically heated . +/ v 21. Microscope, binocular with . oil
4, Muffle furnace v 4 immersion with movable stage . — v
5. pH comparator \/ v 22. Counting cell for Microscope . — v
6. pH meter-clectrometric with glass, 23. Membrane filter assembly — 24
platinum and calomelelectrodes — vV 24. Colony counters ) ) _ v
7. Photoelectric colorimeter — vV 25. 37 °C incubator . . ) _ v
8. ?f&]ﬁst ?nalys.ls ap.parat.us Ol: _ Vv 26. Autoclave . . . . - 4
9. BOD Incubator v 4 27. Thermostatic water bath . - v
10. Refrigerator . WA 28, Vacuum pump . v Vv
11. Demineraliser . v V4 29, Dissolved oxygen sampler . 4 V4
12. Chlorine comparator . . . v 30. Sludge sampler . —_ v
13. Kjeldahl digestionunit . . . 4/ 4/ 31. Gas cylinder if gas sux?ply is not. v v
14. Soxhlet extraction unit . — V4 *32. Gas Liquid Chromotograph _ v
13. Fomecupboard .. . . v v *33, Atomic absorption spectrophoto-
16. Analytical balance . . . +/ Vv meter . . . . . — V4
17. Hotplates . . . . . v Vv *  for special requirements

1
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193



APPENDIX 25

1. Turbidity . . . .
2. Temperature . .
3. Colour . . . .
4. Alkalinity . . . .
5.rH . . . ..
6. BOD . . . . .

7. COD . . . . .
8. Relative stability

9. Solids —total, suspended, dissolved
—fixed and volatile.

10. Nitrogen —Kjeldahl, free andsaline

ammonia, albuminoid

ammonia, nitrites, ni-
trates . .

11. Dissolved oxygen . .
12. Oxidation reduction potential

13. Chlorine demand and residual
chlorine . . .

14. Sludge volume Index

15. Volatile acids insludge .

16. Gas analysis

17. Total algal count

18. Microscopic analysns—-qualnatlve
for protozoa and rotifers

19. Bacteriological analysis—presump-
tive coliform, total bacteria!
count. . .

20. Special tests for onls and grease,
copper, cyanide, zinc, chromium,
lead, other heavy metals, sulphides,
MBAS (Methylene Blue Active
substances) . . .

- dests
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Geometric Elements For:Circular Channel Sections

y a p r ard/?
do do’ do do do'/;
0-01 0-0013 0-2003 0- 0066 0- 0000
0-02 0-0037 0-2838 0-0132 0- 0002
0-03 0- 0069 0-3482 0-0197 0- 0005
0-04 0-0105 0-4027 00262 0- 0009
0-05 0-0147 0-4510 0-0326 0-0015
0-06 0-0192 0- 4949 0-0389 0-0022
0-07 0-0242 0-5355 0-0451 0-0031
0-08 0-0294 0-5735 0-0513 0-0040
0-09 0-0350 0- 6094 0-0574 0-0052
0-10 0-0409 0-6435 0-0635 0- 0065
0-11 0-0470 0-6761 0-0695 0:0079
0-12 0-0534 0-7075 0-0754 0-0095
0-13 0-0600 0-7377 0-0813 0-0113
0-14 0-0668 0-7670 0-0871 0-0131
0-15 0-0739 0-7954 0-0929 0:0152
0-16 0-0811 0-8230 0-0986 0:0173
017 0-0885 0- 8500 0-1042 . 0-0196
0-18 0-0961 0-8763 0-1097 0-0220
0-19 0-1039 0-9020 0-1152 0-0247
0-20 0-1118 0-9273 0-1206 0-1273
0-21 0-1199 0-9521 0:1259 0-0301
0-22 0-1281 0-9764 0-1312 0-0333
0-23 0-1365 1-0003 0- 1364 0-0359
0-24 0- 1449 1-0239 0-1416 0-0394
025 0-1535 1-0472 0- 1466 0-0427
0-26 0-1623 1-0701 0-1516 0-0464
0-27 0-1711 1-0928 0- 1566 0-0497
0-28 0- 1800 1-1152 0-1614 0-0536
0-29 0-1890 11373 0- 1662 0-0571
0-30 0-1982 1-1593 0-1709 0-0610
0-31 0-2074 1-1810 0-1755 0-0650
0-32 0-2167 i-2025 0- 1801 0- 0690
0-33 0-2260 1-2239 01848 0-0736
0-34 0-2355 1-2451 0-1891 0-0776
0-35 0-2450 1:2661 0-1935 0-0820
0-36 0:2546 1-2870 0-1978 0-0864
0-37 0-2642 1-3078 0-2020 0-0909
0-38 0-2739 1-3284 0-2061 0-0955
0-39 0-2836 1-3490 0-2102 0- 1020
0-40 0-2934 1-3694 0-2142 01050
0-41 0-3032 1-3898 0-2181 0-1100
0-42 0-3132 1-4101 0-2220 0-1147
0-43 0-3229 1-4303 0-2257 0-1196
0-44 0-3328 1-4505 0-2294 0-1245
0-45 0-3428 1-4706 0-2331 0-1298
0-46 0-3527 1-4907 0-2366 0-1348
0-47 0-3627 1-5108 0-2400 0- 1401
0-48 0-3727 1-5308 0-2434 0-1452
0-49 0-3827 1-5508 0-2467 0- 1505
0-50 0-3927 1-5708 0-2500 0-1558
0-51 0- 4027 1-5908 0-2531 0-1619
0-52 0-4127 1-6108 0-2561 0- 1664

195

y a r arl/?
do de?. do do d?/?
0-53 0-4227 1-6308 0-2591 0-1715
0-54 0-4327 1-6509 0-2620 0-1772
0-55 0-4426 1-6710 0:2649 0-1825
. 056 0-4526 1-6911 0-2676 0- 1878
0-57 :0-4625 1-7113 0-2703 0-1933
0-58 0-4723 1-7315 0-2728 0-1987
0-59 0-4822 1-7518 0-2753 0-2041
0-60 0-4920 1-7722 0-2776 0-2092
0-61 0-5018 1-7926 0-2797 0-2146
0-62 0-5115 1-8132 0-2818 0-2199
0-63 0-5212 1-8338 0-2839 0-2252
0-64 0- 5308 1-8546 0-2860 0-2302
0-65 0- 5404 1-8755 0-2881 0-2358
0-66 0- 5499 1- 8965 0-2899  0-2407
0-67 0- 5594 1-9177 0-2917 0-2460
0-68 0-5687 1-9391 0-2935 0-2510
0-69 0-5780 1-9606 0-2950 0-2560
0-70 0-5872 1-9823 0-2962 0- 2608
0-71 0-5964  2:0042 0-2973 0-2653
0-72 0- 6054 2-0264 0-2984 0-2702
0-73  .0-6143 2-0488 0-2995 0-2751
0-74 0-6231 2:0714 0- 3006 0-2794
0-75 0-6318  2-0944 0-3017 0-2840
0-76 0- 6404 2-1176 0-3025 0-2888
0-77. 0-6489 2-1412 0-3032 0-2930
0-78 0-6573 2-1652 © 0-3037 0-2969
0-79 0- 6655 2-1895 0-3040 ° 0-3008
0-80 0-6736  2:2143 0-3042 0- 3045
0-81 0-6815 2-2395 - '0-3044 0-3082
0-82 0-6893 | 2:2653 0-3043 . 0-3118
0-83 0-6969 2-2916 0-3041 0-3151
0-84 0-7043 2-3186 0-3038 0-3182
0-85 0-7115 2:3462 0-3033 0-3212
0-86 0-7186 2:3746 0-3026 0- 3240
0-87 0-7254 2-4038 0-3017 0- 3264
0- 88 07320 2:4341 0-3008 0-3286
0-89 0-7380 2:4655 0-2996 0-3307
0-90 0-7445 2:4981 0-2980 0-3324
0-91 0-7504 2-5322 0-2963 0-3336
0-92 0-7560 2-5681 0-2944 0-3345
0-93 0-7612 2-6061 0-2922 0-3350
0-94 0-7662 2-6467 0-2896 0-3353
0-95 0-7707 2+ 6906 0-2864 0-3349
0-96 0-7749 2-7389 0-2830 0-3340
0-97 0-7785 2-7934 0-2787  0-3322
0-98 0-7816 2-8578 0-2735 0-3291
0-99 0-7841 2-9412 0-2665 0-3248
1-00 0- 7854 3-1416 0-2500 0-3117
do = diameter
y = depth of flow
a = water area
p = wetted perimeter
r = hydraulic radius.
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