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FOREWORD

By the Minister of Housing and Local Government

1 AM GLAD TO commend this handbook to all rural local authori-
ties and to others with small sewage disposal works.

The authors, most of whom are local government officers and
officers of my Department, have great experience of their subject.
They have produced a sensible, practical and highly valuable guide
to the operation of small sewage works and the organization of
sewage disposal in rural areas.

Sewage disposal is a vital public health service. Many millions of
pounds have been spent on it in recent years. We shall not get full
value from this expenditure unless the works and plant are well
managed and well maintained. The handbook will, I am sure, help
to achieve this.

/
Y{ov4 éf"”w““"“'

R. H. CrROSSMAN



Reasons for the Handbook

Since the passing of the Rural Water Supplies and Sewerage Actin
1944, there has been a great extension in the provision of piped water
to rural areas. This general replacement of the old, intermittent yield
of well and spring by a copious and continuously available supply of
water has brought with it the problem of the disposal of the used
water safely and without nuisance. The number of sewage treatment
works has increased greatly during the same period and has added
considerably to the work and responsibility of rural authorities. The
use of river water both for public and industrial supplies is becoming
increasingly important and Parliament have, in a succession of Acts,
given river authorities progressively stronger powers to control
sewage effluents.

The rate of expenditure upon rural sewerage and sewage treatment
is now running at about £15 m. annually but the provision of proper
sewage treatment plant is only a first step, for such works are by no
means automatic; they require regular attention, skilled attention.
Unless the sewage works are properly operated much of the benefit
of this considerable expenditure of public money will be lost, and
without regular maintenance these capital assets will depreciate far
more rapidly than they need. There is evidence that in some parts
of the country new sewage treatment works are not producing the
good effluents they should for lack of care and attention.

Growing difficulties confront the smaller local authorities, both
rural and urban, whose limited resources are being increasingly
strained to meet the demands of higher living standards, more
complex industrial effluents and the greater emphasis on pollution
prevention. Correspondingly higher standards of skilled operation
and supervision are needed. Not only is the provision of these services
expensive but there are limited resources of manpower with the right
training and ability.

We were, therefore, invited by the Minister of Housing and Local
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Government, with the approval of the Rural District Councils’
Association, the River Boards’ Association and the Institute of
Sewage Purification, to prepare a handbook which would provide
guidance both to operators and to technical officers on the operation
and management of small sewage treatment works.

In the course of consideration of the day-to-day activities on sewage
works we have inevitably been led to take account of longer-term
problems, and we hope that our thoughts on these matters will sow
the seed for wider discussion from which practical solutions may
emerge.

We believe that in many places the difficulties confronting local
authorities may most readily be overcome by cooperative action in
the employment, by groups of neighbouring authorities, of specially
qualified supervisory staff—works managers and chemists—who, by
devoting their whole time to the many and varied problems which
continually arise, could be relied upon to evolve and operate the
most suitable, economical and efficient organisation to meet local
needs.

Centralisation of sewage treatment in areas of dispersed develop-
ment may be desirable but is rarely practicable; centralised servicing,
however, is often feasible and advantageous. We think there are,
for example, considerable possibilities in a greater degree of centralisa-
tion of sludge treatment and of machinery repair and maintenance
facilities.

It is always easier to review or revise something than to write a
first edition. In our efforts to produce a handbook acceptable to all
who will read it, we have been conscious that some of our readers
may think that certain aspects have been over-simplified. Some will
find that those things they particularly look for are missing and
others will wonder why we have gone to the trouble of telling them
what they already know. May we plead with those in the last category
to help us in our task by filling in the gaps for their friends and
colleagues in the other two?

R. A. Elliott, B.Sc., M.I.C.E., Deputy Chief Engineer, Ministry of

Housing and Local Government
R. T. Gillet, B.Sc., M.I.C.E., F.I.LP.H.E., F.R.S.H., Superintending

Civil Engineer (Public Health), Ministry of Public Building and

Works
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Engineers
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Part One : Operation

No matter how well a sewage works has been designed and constructed,
its successful operation and maintenance depend upon the skill of the
man who is in charge of it. It is to him in particular that the first part
of this handbook is addressed.

CHAPTER 1

AN IMPORTANT TASK

Introduction
1. The proper treatment of sewage is necessary for three main
reasons:
(@) To remove risks to public health, that is, to prevent disease;
(b) To avoid foul smells and objectionable sights, both on and off
the sewage works;
(¢) To prevent the pollution of streams and rivers and to keep their
waters clean enough for all the various purposes for which they
may be used.

2. Parliament has given local councils duties and obligations under
the Public Health Acts and the Rivers (Prevention of Pollution) Acts.
Owners of all sewage works must satisfy the local river authority that
the effluents from the works are properly purified and they are also
liable under common law if they cause damage or offence. Their
responsibilities are heavy and the success of their efforts must depend
very much on the ability of each employee to know his job thoroughly
and to carry it out to the best of his ability.

Sewage

3. Sewage is mainly water which has been used for a variety of
purposes in the home, in the factory or on the farm, and may include
rainwater running off roads, yards and roofs. It contains an enormous
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variety of waste products of human, animal, vegetable or mineral
origin. Some of them may be dissolved in the water, some may be
in solid form. There are three different sorts of solids—those that
sink, those that float and those that are so small they neither sink
nor float but remain suspended in the water. It is the last of these,
sometimes called ‘““colloidal matter”, which make settled sewage
look cloudy.

4. A surprisingly small amount of solid matter is needed to make
a very foul sewage (something like a teaspoonful in a bathful of clean
water). It is very much more difficult to get it out than it was to put
it in, and it is this difficult job of removal that sewage works are
designed to do.

Sewage purification

5. For the successful and efficient operation of sewage works every
part of the plant must be maintained in a condition that will enable
it to do its job properly. Each stage of treatment relies on the proper
working of the previous stage and neglect of any section of the
works will cause trouble all through the later stages. If the grit
chambers are not emptied regularly, grit will block the sludge outlet
in the settling tank. If the settling tank is not desludged when it
should be, the filters will become choked with sludge. Accordingly
you must know as much as possible about the purpose of each part
and understand how it works.

6. Fresh sewage has no offensive smell, and it is only when it is
allowed to stand and have time to putrefy that it becomes objection-
able. This fact underlines the two basic principles of a properly run
sewage works. The first is adherence to a regular routine which
ensures that each operation is done at the right time, every time. The
second is cleanliness, not only of the works site and the parts of the
plant that can be seen but also of the parts of the tanks and the pipes
that are out of sight. Sewage which is left to turn septic will infect
the fresh sewage.

7. The following sections give a brief description of the function of
each of the stages of purification in common use in this country, with
notes which it is hoped will help you to keep your works at the top
level of efficiency.
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Sewage works

8. No two sewage works are exactly alike. They differ greatly in
design according to their age and the local circumstances, in the
strength of sewage received and in the times at which the highest and
lowest flows arrive. Consequently no precise instructions can be
given here to tell you when and how often different jobs should be
done. The following chapters tell you the things which experience
has shown are important in keeping small sewage works in good
working order and can help in drawing up a programme of regular
operation and maintenance suited to your particular works.

CHAPTER 2

PRELIMINARY TREATMENT

Screening

9. The sewage arriving at the works carries with it paper, rags,
sticks, coarse grit and other objects. Some of these will float and
others will tend to be held in suspension by the flow of the sewage,
depending on their weight or the extent to which they have become
waterlogged. If left in the sewage they could cause a good deal of
trouble by blocking pumps, choking pipes or interfering with the
operation of valves. The first step in sewage treatment therefore is
usually the removal of these objects by passing the sewage through a
screen where they are trapped and held, although on some works it
has been found possible to work without screens. The cleaning of
screens and the disposal of screenings is perhaps one of the more
objectionable jobs on sewage works, but it need not be particularly
unpleasant if the work is done regularly and the screenings are
disposed of promptly.

10. You should clean the screen once a day, if possible. Large
quantities of rags etc. may block it and cause a backing up of sewage
in the sewer. This in turn may result in the settlement of solids in the
sewer, and these, if the flow is not strong enough to move them on
when the screen has been cleared, will collect more solids and



eventually lead to blockage in the sewer itself. During storms the
extra flow in the sewer flushes a considerable amount of debris down
to the works. You should therefore keep an eye on the screens
during and after a storm, particularly if it follows a spell of dry
weather.

11. The solid matter caught on the screen should be raked off and
not pushed through. Never leave the screenings in the open longer
than is absolutely necessary. If you do they may cause smell nuisance
and will quickly attract flies and rats. Bury them in a shallow trench
and cover them over with soil. In time most of the matter decomposes,
and the same area of ground can often be used for burying more
screenings in, say, a year.

12. Hand raked screens call for little in the way of maintenance
beyond regular cleaning and swilling down with fresh sewage.

13. Instead of a screen some of the larger works have a macerator
which is something like a large mincing machine. It chops up all
the large solid matter until it is too small to cause any trouble and
then allows it to pass through slots in the machine. Normal main-
tenance consists in keeping the lubricators properly filled. The cutter
sections require periodical attention but this is usually carried out
by a fitter. Large objects such as scrubbing brushes which are very
slow to be chopped up sometimes accumulate at the inlet, and it is
worth while to remove these periodically.

Grit removal

14. If rainwater from roads and paths flows into the sewers the
sewage may contain road grit, sand, ashes and even small coal. If
this reaches the main treatment plant it will settle out and block
channels or pipes, causing difficulty in desludging the settling tanks.
The grit may also give rise to excessive wear in pumps and other
machinery. The next stage of treatment therefore is the removal of
the gritty matter by passing the sewage through a chamber or channel
slowly enough for most of the heavy material to fall to the bottom
but fast enough for the lighter matter to pass forward.

15. These grit chambers, also called detritus tanks or channels, are
sometimes in pairs and equipped with inlet and outlet stops or
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penstocks so that the flow of sewage can be shut off from one
chamber at a time to enable the settled grit to be removed.

16. When the chamber is shut off the top water may be run out
and you can then remove the grit by a scoop or shovel. At some
works the grit, well mixed with sewage, can be removed by a portable
sludge pump. At others it may be run off through an outlet pipe to
a special drying area.

17. After removing the grit, swill out the chamber thoroughly with
fresh sewage and brush it down. It is important to examine any
valves, penstocks or hand stops and clear from the track or frame
any accumulated matter which may make them difficult to operate
and may prevent them from closing properly. As a matter of normal
routine you should lubricate the screws, slides and racks, being careful
to use only the right type of oil or grease.

18. Grit stored on a hard standing will dry out, usually to an in-

offensive material which can be used about the works for levelling
up low-lying ground.

19. The grit chambers must be emptied regularly because if grit
is allowed to accumulate it will be washed forward and cause trouble.
The time between cleaning depends upon the rate at which grit
accumulates, and this varies a good deal according to local con-
ditions. Once it has been decided how often the chambers need
cleaning for a particular works, the job should be carried out regu-
larly. Sudden storms, especially after dry weather, usually flush
large quantities of grit out of the sewers, and it will pay to clean out
grit chambers after such a storm in addition to the routine emptying.

CHAPTER 3

PRIMARY TREATMENT—SETTLEMENT
Settling tanks

20. Even after screening and grit removal sewage still contains
suspended matter, most of which settles quite slowly. To remove these
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solids the sewage is passed at a very low rate and with as little dis-
turbance as possible through settling tanks, sometimes called sedi-
mentation tanks. On small works there are two main types of tank—
horizontal flow and upward flow. (Do not confuse settling tanks
with septic tanks, which are dealt with later in this chapter.)

21. Where there is more than one settling tank, of whichever type,
you should, as far as you can, regulate the flow by adjusting the
valves or penstocks so that each tank receives the right amount of
sewage in proportion to its size. This can be judged roughly by the
flow of water over the weirs.

22. Great care must be taken not to drop anything into a settling
tank. It is well worth while when working on the edge of or over a
tank, or pump well or sump, to fasten hammers, spanners or similar
tools by a line to your belt or a convenient hook. Also take care
not to let anyone kick stones, chippings or other objects into settling
tanks or wells.

Horizontal flow tanks

23. Horizontal flow tanks are rectangular and the sewage enters at
one end and leaves at the opposite end. The inlet is usually baffled
to maintain quiet conditions in the tank and the outlet is protected
by a scumboard or a dip pipe to keep floating matter in the tank.
The solids settle to the bottom of the tank and become sludge.

24. At most works there are usually two or more horizontal flow
tanks, and all are kept in use except during desludging. Although on
larger works horizontal flow tanks may be desludged by machinery,
on smaller works sludge is removed manually and to do this it is
necessary to empty the tank. The flow of sewage to the tank is
first shut off. From some tanks the top or supernatant water is
removed through a floating arm or a fixed decanting pipe. When
the water level has been lowered near to the sludge level you should
slow down the rate at which the water is withdrawn and take care
that while as much water as possible is taken off no sludge is removed
with it. The top water is normally pumped back to the works inlet.
When the withdrawal of top water is finished the sludge and scum.
are run off through the sludge valve. At some older works the entire
contents of the tank, both sludge and water, are taken off throughi
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a single pipe at the bottom. If you can take off the top water first with
a portable pump you should do so. The floor is finally cleaned with a
squeegee. Each time the tank is desludged you should scrape the
walls, scumboard and baffle board clean of the ridges of fat and
scum which accumulate at the water line. The walls and floor of the
tank should be well brushed, and hosed down with water or flushed
with buckets of fresh sewage. Valves, penstocks and floating arms
should be examined and cleared of rags or any solid matter which
may interfere with their movements. Moving parts should be lubri-
cated. The sludge pipe should be flushed with a small quantity of
fresh sewage. These precautions will make the whole job of desludging
easier next time.

25, All the deposited sludge should be removed from the tank in
a single operation, because any sludge left behind will turn septic
and contaminate the fresh sludge deposited on top of it. This will
be followed by fermentation and gassing which will interfere with
settlement and disturb sludge that has already settled, lifting masses
of it to the surface, where it may escape from the tank over the
outlet weir.

26. Horizontal flow tanks should usually be desludged weekly.
When a tank is being desludged the sewage will have to pass through
the other tank or tanks at a greater rate, and this extra flow will be
further increased by the top water returned to the works inlet. You
should therefore try to run off the top water at a time when the flow
of sewage to the works is low and if possible avoid emptying a tank
during wet weather. The whole operation of emptying, desludging
and cleansing the tank should be carried out on the same day. If
the sludge is left uncovered in the tank unpleasant smells are likely
to occur, and the cleaning down of the walls also becomes more
difficult if they have been allowed to dry out. When there is only
one settling tank you will have to back up the sewage in the sewer
during the desludging, so the operation must be carried out as speedily
as possible. Inlet and outlet weirs should be kept clean, and you
may have to brush them daily.

27. If you do not desludge a tank often enough or do not remove
all the sludge each time, lumps of black rising sludge and gas bubbles
will appear on the surface. The settled sewage passing over the outlet
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weirs will then be seen to carry a good deal of suspended matter,
and this is likely to cause ponding of the filters.

28. The weirs of the tanks should be brushed frequently and
accumulated scum and floating matter skimmed off regularly for
disposal with the sludge. The scum must not be broken up and
stirred into the tank. Any scum or floating matter which escapes
from the tank is likely to block the sparge holes in the distributor
arms and cause unnecessary work.

Upward flow tanks

29. Upward flow tanks are square or circular. The sewage is fed
into the tank through the bottom of a central stilling box. The
sewage flows very slowly upwards and outwards, and passes
over the weir situated round the top edge of the tank. A
scumboard in front of the weir retains floating matter in the tank.
The suspended matter settles into the lower part of the tank, which
is shaped like an inverted pyramid or cone, and there collects as
sludge. The sludge is discharged through a pipe which runs up from
the bottom of the tank to a chamber, where the outlet of the pipe
is below the level of water in the tank and is kept closed by a valve.
When the valve is opened the head of water in the tank pushes the
sludge out through the pipe. This type of tank has the advantage
that it can be desludged without being emptied or shut off, and the
operation can be carried out quickly with little effort. On the other
hand, the sludge withdrawn from an upward flow tank tends to be
more watery than the sludge from a horizontal flow tank, and for
this reason special care is needed in carrying out the operation of
sludge removal.

30. When desludging an upward flow tank the valve on the sludge
pipe should be opened slowly and the sludge allowed to flow out at
a fairly low rate. Any sudden opening of the valve or rapid with-
drawal of the sludge is likely to cause water in the tank to be drawn
down through the sludge into the pipe. As soon as the sludge leaving
the pipe begins to run thin you should close the valve. After about
ten minutes the sludge left on the sides of the tank will have fallen
to the bottom and you should open the valve slowly to withdraw
more sludge. A third rest and withdrawal may result in still more
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sludge being removed. This method avoids passing more water
to the sludge treatment plant than is absolutely necessary.

31. Upward flow tanks should be desludged at least twice a week
or the draw-off pipe may become choked with very thick sludge. If
this happens shut off the flow to the tank and clear the pipe by using
a plunger through the rodding eye or in the tank itself. If plunging
fails it may be necessary to get a jet of water or compressed air
down the pipe to break up the dense sludge. In extreme cases you

will have to empty the tank with a mobile pump and dig out what has
accumulated.

32. Failure to desludge the tanks or to remove the scum often
enough will give rise to the symptoms and troubles referred to in
paragraphs 27 and 28. If the desludging of upward flow tanks is
carried out too frequently the sludge will contain too much water

and take longer to dry. The best time interval for any particular
tank can only be determined by experience.

33. If, at normal daytime flows, any lengths of the outlet weirs are
persistently dry you should report it to the foreman or the surveyor.

Mechanically desludged tanks

34. Some tanks are specially designed for mechanical desludging.
There are two basic types of machine. One operates in a rectangular
tank and scrapes the sludge along the bottom into hoppers at the
inlet end. The other is designed to work in a circular tank in which
the sewage enters at the centre and leaves over a continuous weir
running around the outside edge of the tank; the floor slopes gently
towards the centre and the sludge is scraped to a central hopper by a
rotating scraper. With both types arrangements for mechanical
skimming and removal of floating matter are often included.

35. The sludge is removed from the hoppers by water pressure in
the same way as from upward flow settling tanks, and you will need
to do it in the same way.

36. The machinery for desludging tanks varies considerably, and you
should ask for the maker’s instructions on operation and maintenance.

Septic tanks
37. A small works may have a septic tank instead of a settling tank.
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Unlike a settling tank, the sludge is left in a septic tank for several
months and the tank is made large enough to hold the sludge which
collects during this time. While it is stored the sludge ferments or
“digests” and is reduced in quantity. The inlets and outlets are
baffled, often by the use of tee-pieces, and a crust forms on the
surface of the water. The tank is usually covered.

38. When the tank is between one-third and a half full of sludge it
is desludged, usually with a cesspool emptier. You should take out
only about two-thirds of the sludge and leave the rest behind so
that the ripe, fermenting sludge still in the tank *“‘seeds’ the freshly
settled sludge. If you do not leave enough ripe sludge in the tank the
proper fermentation does not take place and the contents of the
tank will be likely to smell. Disinfectant should be avoided. It will
interfere with the proper action of the tank.

39. When road access to a septic tank is poor, care should be taken
to see that the tank is desludged before bad winter weather sets in.

The disposal of storm sewage

40. In some districts, rainwater is allowed to run into the foul
sewers increasing the flow, which during a heavy rainstorm may be
many times the average flow in dry weather. Arrangements have to
be made to deal with this extra flow when it arrives at the sewage
works. After a short time the mixture of sewage and rainwater will
usually be weaker than the foul sewage delivered during dry weather,
but at the beginning of a storm it may often be stronger because of
the flushing out of deposits which have settled in the sewers.

41. The rate of flow of foul sewage arriving at the disposal works
during dry weather will vary from time to time throughout the day
and night, and to cope with this variation sewage works are usually
designed to deal with about three times the average flow of foul
sewage. At works where rainwater arrives in the foul sewers, flows
in excess of this rate are diverted by means of a separating weir
into storm tanks. The main purpose of these tanks is to store the
first flush of foul storm sewage so that it can be pumped back for
treatment after the storm. If the storm continues after the tanks are
full they are allowed to overflow to the river. When this happens
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they act as settling tanks in which solid matter is trapped and so
prevented from reaching the river.

42. Make sure that storm tanks are emptied and cleaned out as
soon as possible when the sewage flow has returned to normal, so
that they are ready to receive the foul flush from the next storm. If
storm sewage and sludge are left too long in the tanks they may get
washed out into the river with the foul flush from the next storm,
or turn septic and cause trouble when pumped back through the
main treatment works.

43. The usual method of emptying storm tanks is to take off the
top water through a floating arm for return to the works inlet and
to remove the sludge separately, as with settling tanks of similar
type. If possible during, and in any case after, the passage of storm
sewage over the separating weir you should clear the weir of rags,
sticks, and other solids objects which may be caught up on it. All
weirs and channels leading to the storm tanks should be brushed
and cleaned after they have been in use. Valves, penstocks and other
mechanical equipment should be kept greased and in free working
order as described for settling tanks.

44, 1In recent years some small sewage works have been designed
so that a larger flow can be passed through the main treatment plant
in wet weather. Where this has been done, special tanks for storm
sewage have not been constructed.

CHAPTER 4
SECONDARY TREATMENT

45. Sewage which has been purified as far as possible by settlement
still contains very finely divided matter which is too light to settle,
together with dissolved impurities. Primary treatment has reduced
the strength of the sewage entering the works, as measured by the
usual tests, by about one-third. The next stage of purification changes
most of the remaining impurities into a state in which they can be
removed by further settlement.
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46. Many years ago the secondary treatment of sewage was done
by land treatment and sewage farming, making use of the bacteria
and other living organisms naturally present in the soil. These
converted the sewage impurities into food for crops, and the
purified liquid drained away.

Percolating filters

47. Nowadays similar micro-organisms are encouraged to form
colonies in artificial beds of clinker or other rough, hard material
over which the settled sewage is sprinkled by mechanical distributors.
These beds are usually called percolating filters, but are sometimes
referred to as biological filters or bacteria beds. They do not filter
in the sense of straining out impurities: rather they allow the settled
sewage and fresh air to penetrate among the colonies of bacteria
which form a film over each piece of the material. Other forms of
small life also colonise the filter beds, notably worms, springtails
and various flies whose grubs graze on the bacterial film and perform
an important function: they convert the film into humus, which is
washed out of the filter with the treated sewage effluent, and prevent
the film from growing so thick as to choke the bed. Cold winter
weather causes these *‘scouring’ organisms to retreat deeper into
the filter and this may result in some surface choking of the filter.
When warmer weather returns they attack the surface layers again
and liberate an abnormally large quantity of humus. This is the cause
of what is sometimes known as the “spring unloading™ of the filter.

48. The efficiency of a percolating filter depends upon the even
distribution of the settled sewage over the whole surface of the filter,
and on the provision of a good circulation of air through the bed
which must reach the surface of each piece of the filter material to
keep the right kind of bacteria and other organisms alive and active.

Dosing chambers

49. The percolating filters are usually situated at a level well below
the outlet weirs of the settling tanks, and the head of water thus
obtained is used to drive the mechanical distributors. Some types of
distributing machines will not work when the flow through them falls
below a certain rate. This may happen for quite long periods and
particularly during the night. If the distributor stops and allows
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