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85 8005 ; Part 1 ;1987

Foreword

This British Standard has been prepared under the dirsetion
af the Civil Engineering and Building Structures Standards
Committee and is directed at general engineering
practitioners who may either be embarking on a career in
sewerage or bé dealing with a particular sspect for the first
time. It is not intended to be exhaustive in any fiald but
sets out 1o present guidanee an basic pringiples and good
practice, indicating where a more detailed and
comprahensive study may be made, BS BO0S supersedes and
enthances CP 2005 : 1968, which is withdrawn, although
some of the material incarparated is a restatement of the
carlier toxt,

B5 BOOS gives guidance on the planning, design,
construction, operation and maintenance of works to
convey sewage, including storm tewage, surfaca water and
trade effluents to a sewage treatment woarks, tidal waters e
or other final place of dispasal. Recommendations are givan
for the repair, renovation and raplacement of sewers.

Many end usars of thiz British Standard, such as
governmenis, public authorities, sewerage authorities and
consultants, iszus their own recommendations and
specifications for sewarage which BS 8005 Is intended 1o
cemplement rather than replace,

B5 BOOS : Part O directs the reader to sources of more
detailed informaticn, particularly en important and
specialized fields such as health and safety. It should be
regarded as supplying essential background information

for the other Parts of BS BOOS.

B5 BODS is to be published in gix separate Parts. as Tollows.

Part 0. Introduction and guide to data sourees and
documentation
Part 1. Guide 1o new sewerage construction
Part 2. Guide to pumping stations and pumping mains
Part 3%, Guide to sewers in tunnel
Part 4,  Guide to design and eanstruetion of outfalle
Part 5%, Guide to rehabilitation of sewers
It has been noted that substantial one-part codes and guides o
take a long time to revise and if they ar reviewed at
infrequent intarvals, they tend to becorme out of date
quickly, especially in a field where technological
tevelopment is rapid. It is intended therefore 1o keep a
constant watch on new developmants and to update
BS 8005, Part by Par, as soon as the work can be justified,
BS B201 sets out recommendations for building drainage
and, while it relates generaily to smaller pipelines, there is
some gverlap between it and BS BOOS. BS 6297 gives
recommendations fer the design and installation of small
sewage treatmant works and cesspoals.
Apart from Part O, which is directed more specifically at
the UK sewerage field, BS BOOS i: for use both in the UK
and, in appropriate circumstances, ovarsoas.
Suggestions for the improvement of any Part of 85 008
will be welcomed by the Secretary of CSB/S at 2 Park Street,
Lendon W1A 28S,

Compliancs with a British Standard does not of itsalf
confar immunity Trom legal obligations.

* In preparation,
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Guide. Section ana

Section one. General

1 Scope

This Part of BS BOOS provides guidance on tha matarfals,
design, construction, testing, surveying, oparation and
minintonanos and repair of new sewarg,

HOTE. The titles of the publications relecced La in shis sonderd
are lisied on the inside back cover

Diher standords publications not rafarred 1o in this stondard, but
dealing with closely associnted whjects, are Heted in sppendiz A,
Raferences are mace o other owrces af authoritetlvs Inlormation,
These will be lound througheut the 1exr, indicoied by brackatad
Awmbers thus [21] and are ligted in appandiz 8.

2 Definitions

For the pumoses of this Part of BS A0O5, tha definitians
given in BS 892, BS 4118, BS 6100 and BS 8005 : Part 0
apply, togather with the following.

2.1 catchment arna, The srea of 2 watershed discharging
10 & SEwWer, or watercourse.

2.2 flow attenuation, The process of reducing the peak
flow rate in a sewer system by redistributing the same
volumae of flow over a longer period o! tima,

NOTE, This can be achieved by on or all line siarage within the
sowerage syslem, or by obove grownd srorage belare llows enter
ihp wewar,

2.3 inverted siphan. A pipe or conduit whare the soffit
drops below the hydraulic gradient and in which the
sewage flows under prigsure of gravity.

2.4 nominal size (DN). A numerical dasignation of the
size of a pipe, bend or branch fitting, which is a convenient
round number approximatoly squal 1o a manufaciured
imension,

NQTE, "Nominal Sore’ is the approximete injornal diameter of o
unit & deciared by the manulncturer, This quaniity & quated with
units frevm | wteress nominal sicn [DN] & qun e withow! units,

2.5 parcentile peakednass. The departure from the mean
vaiue of a storm profile, expressed a5 a percentage.

2.6 raintail. Matural precipitation of water in any form,
skich as rain, snow, hail, etc., the rate ol which s measured
in millimetres of water per hour,

2.7 mneovation. Methods by which the performance of a
length of sewer is improved by incarporating tha original
sewer fabric, but excluding maintenance operations such
as isolated repairs andfar silt remeaval.

2.8 roughmess value (X;]. A measure of the resistance of
the surface of a pipe or channel under wurbulent flow
which is expressed in millimetres.

NOTE, This walue is based an the dismeter of uniformily greded
saned graing which waould give the came resistanco (o fow,

3 Abbreviations

Throughaut this Part of BS 8005, the abbreviatons given
in B3 5775 and BS 5555 have besn used, together with the
fallowing.

ABS Acrylonitrile butadiens styrene
BMA Bending moment resistance
BOD Bigchemical oxygen demand
BRE Building Aesearch Establishment

CF Compaction Fraction

CIR1A Censtruetion Industry Research and
Information Association
Coo Chemical oxygen demand

DM Maominal size

Dok Cepartment of the Environmant

DWF Ory weaather flow

GRG Glass reinforced conerete

GRP Glass reinforged plastics

HDPE High density polyethylane

MOPE Medium density polyethylane

MIHECWS Mational Joint Health and Salety
Committes for the Water Sarvice

MWE Mational Water Council (now defunct and
replaced by WAA, but remain listed
publishers of some references)

PE Polyethylena

PIMP Percentage impervious

PA Percentage run-off

S0IL Soil impermeability index

SAPC Sulphate-resisting Portland cemant

THRRL Transport and Rosd Research Laboratory

ucwi Antecedent catchmaont wetness

WAL Water Authorities Association

WASSP Wallingford computer program

WHhe ¥Water Research Centre

4 Planning

4.1 General

Tha UK is servod by a comprehenzive sowerage notwerk
which has been developed over many years to satisfy the
demand: of society in a changing environment. In many
areas of the country, urban expansion is now limited,
rageneration of deralict inner eress requires urgent
investment, the papulation level is stable or declining and
the infrastructure is ageing.

Sewerage planning should determine how best to
rehabilitate and extend the existing system 10 serve
future needs.




Structure plans pnd local plans can assist the planning and
design of now, improved and extended sewerage systems.
The alloeation of land use and the policies for devalopmant
should ba detormined for each catchmant area. This
infarmation will influance the assessment to be made of
the axtent of imparvious areas and the corsequent
calculation of surface water run-off, and will provide
assistance to forecast population changes and foul sewage
Flows.

Tha plenning horizon will inevitably differ fram the various
potential 1ifespans of the many sowers end associated
strugtures within the catchmant area. Sewerage planning
and design should take aecount af the impact of changing
fand use and future aiternative developments.

4.2 Population and watar uzage siatistics

421 Population statistics. An icourate assessment of
population i3 assential in determining the probabla flows

i @ sewarge By stem.

The afficial statistics of 1he Registrar General refer to

areas defined by local authority boundaries, but are useful
at a check on estimates made by other means.

Planning statistics can be of assistance since they frequantly
give local information on the average oceupancy rate of
domestic dwellings, When multiplied by the numbar of
residantial properties obtained by physical count, these can
provide o fairly accurate asscssmeant of population.

In haliday resorts or other areas where there is an occasional
ar soasanal influx of people, such a means of estimating is
nat possible, Peak population may be assessed only by
sampling typical areas during the holiday or peak season
and extending the dansitias thus estimated to the whaole
srea under considaration. Acgisiers of accommodatiaon
maintainad by many |ocal sutharities, Tourist Boards, ete.,
tegether with information that can frequently be olbtained
from the local planning department, may be of value.
Where provision necds to be made for future population in
areas not yet devaloped or due for redevelopment,
infarmation should be availabla from the loeal planning
authority on areas scheduled for devilopment and on the
seale and imensity of development intended, Planning
policies are subject to regular review and the desigrer
shauld eansult the local planning authority to assess the
likelihond af foltre changes in policy.

4.2.7 Water usage statistics The water supply authority
can pravide a fairly accurate assessment and forecast of
the cansurmption of water in any particular area; this will
hawve a direst pelationship to the likely flows for foul
!n'wl!l'lgﬂ Fll.lrl.l'ﬂi!i.

Commercial and industrial premises and public buildings
such as hospitals and schools, which obtain & supply of
water from public sources, are usually metered, After
making due allowance for water use in any industrial
process, the figures of consumation can provide a useful
guida ta the anticipated fiows ol waste likely 1o arise from
such pramises,

Some private and commarcial undertakings obtain water
direct from private abstragtions lrom rivers, canals, wells
or horsholes: thesa should ba taken into aceount in
assessing the possible discharge of Taul sewage.
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4.3 Troade affluents
Maost industries require water for processing or other
purpasas; much of this water, after use, will ba discharged
aithar to public sewars ar direct to natural waters,
Such dischargas, which may contain a wide variety of
matter in solution or suspension, are termed trade
affluents. They range from essentially clean but warr
watar, to strong solutions of organic or Inorganic chemicals
or suspansions of solid matter. They may be coloured and
may have strong odours or other offensive characteristics.
Thay may differ markedly from typical domestic sevvage
and their discharge ta sewers often raises special probloms,
gither as.a result of their individual constituants, or in
combination with other sewage. These problems include:
{a] the effacts which thay may produce on the internal
condition and hydraulic capacity of sewers, including
epffects on the fabric of the sewers and ancillary
structures; "
[b} the danger 10 men working [n sewers;
[c} the effects they may have on lewage troatment
procestes and works or ather means of disposal, and
{d) their affect on receiving waters when inadequately
treated.
Thare is clase ralationshin between all these probloems and
they all peed to be faken into account when planning
SEWerage.
Cluantities and strangths af teade offluants nre difficult to
predict as trade practices vary as a result of changes in
industrial threughput, technologieal developments and
changes in the ocoupation of premises. In areas of existing
industrial development, information can be obtsined from
racards of investigation of existing discharges and
consultation with the dischargers. Where Industrial sites are
undeveloped, planning policies may identify the nature and
size af proposed developments which, tegether with
information on trade effluents from similar industries,
will anabla an assnssment i ba made of the likely future
discharges. (Soe 4.7.)
The discharge of trade efflusnts to a sewar is likely to be
sulsiect to conditions governing the quahty and quantity
of the affluent discharged. Cormpliance with such
conditions may require the discharger to undertake pre-
treatment of the effluent before discharge.

4.4 Systern planning

A.4.7 Ceneral. System planning within a catchment area
or river basin should consider the sewerage network, storm
sewage overflows, pumping installations and the rocesving
sewage treatment warks, and the ¢ffects of their discharges
on receiving water courses. Hydraulic performance of the
whaole system has to be congidersd ta ensure that additians
or modifications to the systam do not result in averloading
and/or premature oparation of everllows. Whare sewage 5
purnped cansideration should be given 1o the effecis of the
purnp discharge rates on the downsiream parts of the
$ystem.
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4,42 Sewersge rehabilitation. Where, as in tha UK, a very
high proportion of the population is served by existing
public sewarage systems the objectiva has to be to aoptimize
the existing system and to determine what adaptations or
improvomants ara necossary to moet luture needs,

The philosophy of seweraga rehabilitation contained within
the WAANR e "Sewerage rahabilitation manual® [1] has
been accepted by the UK Water Industry as the stratogy

for rehabilitation of the existing seweroge network.

{See BS BODS ; Part 5°.)

4,43 New developments (sea alsa BS BOOS ¢ Part 0). When
consideration is given to the allocation of land for
development, the autharity responsible for sewerage should
e eonsulted regarding the constraints which may ba
imposed as to fewerage provision,

Gite plans should inclede arsas reserved for future routes
for sewers including any necessary pumping stations and
treatment plant, allowing sufficient room and accoss for
canstruction and subsequent speration and mainienance.
Sewers to serve néw dievelopment should be constructed in
the highway, land 10 be used lor highway purposes, or
public open space. Guidanee on the location of sewers can
be obtained fram ‘Provision of maing and services by public
utilities on residential estates’ [2].

The ownear of the development may wish the sewers to ba
adopted as public sivwnrs by tho appropriate seworage
authority under the terms of the Public Health Act 1936,
It is recammended that adoption ba by prior agreemeant
under the provisions of Section 18 of the Act and faor this
purpase "Sewers for adoption — a design and construction
guide’ [3] has been published by WAA,

Sewers needed to condect developmants with tha existing
public smwerage systom can somatimes ba requisitionad
from the appropriate water authority in England and Wales
using the provisiens of Section 16 of the Water Aet 1973,

4.5 Public relations

Good public relations are impertant in 1he design,
construstion and operation of sewerage systoms. This Fart
of BS BOOS draws attention to the necessity for close
faisan between developers, land users, local authorities,
statutory undertakers and athers who may be affected by
new sewerage schemes. Such Baison and consultation
should nat be restricted to that required under appropriate
legislation, Persons and organizations affected by the

* Under pregaratian.

proposals should be consulted as early 25 possible in 1he
planning stage and such liaison should continue for the
duration of the work. Froperty owners affected should be
made awara of the implications of the works proposed and
of their own rights under statutory procedures.
Construction of sewers often has a serious effect on the
movament of traffic and pedestriang and can couse tovere
disruption to the activities of a eommunity. Diversions or
othar activities should be planned with the persons affected,
tha police and other authorities well in advanee of actual
construction. Advence information should be posted to the
persons concerned and the general public showld be made
aware by public meetings, public notices, or through the
press and radio.

Attantion is drawn 1o legisiation and regulations dealing
with issues such as traffic signing, health and safety,
planning and noise which may apply during construction.

A recognized point of contact should be identilied for the
use of parsans affected by the scheme 10 deal with matters
arising during the work,

Attention is also drawn to legistation and regulations which
may apply during operation and mainienance activities to
minimize any nuisance and inconvenience. Sewerarge
autherities should make public the address and telephone
numbers of persons to be contacted in the event of routine
engquiries, complaints or emergencics. Such arrangements
should also cover out of office hours.

Owners of private sewerage tystermns should also ensure that
occupiers of the properties they serve, together with the
logal authority and emargency services are aware of wham
to contact in cases of emergency or malfunction,

Whilst a properly designed, operated and mainwined system
should normally have little effect upon the general public,
there will be occasions when as 4 result of routine operation
and maintenance ar as a result of emergencies there will be
some impact. This impact maoy be limited to a fow
individuals but may also aHect vary large numbers of
pecple. Careful location of chambers can help to minimize
the disruption caused by maintenance activities. Those
persons responsible for sewerage and aszociated work
should strive to minimize the nuisance and inconvenience
caused by their sctivities by careful pre-planning,
consultation and dissemination of information. Appropriate
operational procedures and communication arrangements
shiould be planmed to ensure rapid action and good public
relations.
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Section two

Section two. Matenals, components and appliances

5 Materials, components and appliances

5.1 Ganaral

This clausa daals with materials for which thers are eurrent
British Standard specifications and with other materials in
comman usage in sewerage. Wsers should reler to
manufasturers when reference is made to the latter. The
use of new matorials is to be ancouraged provided that
suMicient infarmation on langterm performance is
availlable to enable a minimum servics life to be defined
with confidence.

5.2 Fipid snd floxible pipes, joints and fittings

5.2.1 Factors affecting choice of pins materisiz. The choice
af pipe will ba influenced by the hydraulic and structural
dogign.and particulariy whather it is n gravity sewer or
pumping main, The pature of the effluent to be carried and
af the ground water will atfect the ehoice of both pipo and
joint. The dismeter and length of the pipes available, the
case of cutting, the simplicity of the jointing system and
the availability of fittings are among the factors to be
conidered, along with easa of unloading and positioning In
the trench without damage to the pipe or any coating,
Flexible joints are generally available and are recommended.
Thaoy aceommodate degrees of straight draw, angular
deflection and axial displacement or thear without loss of
watartightness, In certain circumstances rigid joints are
required: these are made by caulking 3 compound ar
working a cement marar into the joint, or by belted
flanges or by welding the pipes together,

5.2.2 Rigid pipes

£.2.2.1 General. Rigid pipes do not deform appreciably
undar their design 1oad and the materials show a linear,
brittle strotestrain Bahaviour. The ability of & rigid pipe

1o support the total load transmitted to it is established

by reference to actual crughing teste

5.2.2.7 Asbestoscerment pipes. For use with gravity flow
tar sewerage and drainage applications, asbestos-cement
pipes and fittings with flexible joints shiould comply with
85 365G which specilies the strength classifications for
pipe diameters fram ON 100 to DN 2500, in pipe lengths of
3 m, & m and & m. Hall and quarter length pipes are
available.
Eor prassure pipelines, asbestos-cemaent pipes and flexibla
joints should comaly with BS 486, which specifies the
hydrostatic elassification for pipe diamaters from DN 50
10 DM 2500 in pipe lengths of 3 m, 4 m and & m. Arbestos-
cemint bends are available for diametars up to ON 225,
Cast iron fittings are 2lso available,
5.2.2.3 Clay pipes. Vitrified clay pipes and fittings for use
with gravity Tlow under atmospheric pressure should
comply with BS 65, They are available in nominal
dismeters from DR 76 to DN 1000, and in lengths up 1o
4.0 m. The following elpssifications of pipes are available:
la} normal, i.e. suitable Tor all draing and sewers,

(b} surface water;

{c) perforated, sultable for French drains and land

draing;

{d] extra chemically resistant.
Three crushing strength classifications of pipes are given in
B5 G5, and there are aquivalent bending moment rosistance
{BMRA)} classifications for preferrad sizes up to DN 225,
Fequirements are set down for fittings and for flexible
machanical Joints according to the type af pipe with which
they are used.
Perforated pipes and associated non-perforated fittings
narmally have integral flexible joints; these pipes are
avallable in lengths up o 2.0 m.

5.2.2.4 Concrete pioes”. Precast concrals pipes and
fittings of circular cross section tor the conveyance of
gawage or surfasce water under gravity, should comply with
the appropriate Part of BS 5911,

BS 5011 : Part 1 specifies mouiraments for flexibly jointed
pipes in nominal diamaters DN 150 to ON 2000 in
standard lengths 0B M te 5 m (3 m ler pipes ON 800,

in three strangth clssses for sewage or surface water

[and for jacking pipes),

05 5911 : Part 3 specifies requirernents for pipes with ogee,
rebated [oints, in nominal diameters ON 150 1o DM 1800,
in standard langths .45 mm ta 2.5 m, in three strength
classns, used principally for land drainage and surfaco water
and for headings.

Pracast glass chmposite concrete pipas, strengthancd by
cantinuaus alkali-resistant qlass fibre rovings, ere coverod
by DD 76 : Part 1 {see note 1), Thase pipes are available

tar soweage under gravity flow in diameters from DN 180

to DM 1800, lengths from 0.45 m 10 Bm, and in three
strength classes, Flesible inowall rebated joints are used
with elastomeric joint rings complying with BS 2494,

NOTE 1, DD 76 : Pass 1 has been ceviewed and b3 bung canveried
to & Lull British Stendsrd os Pact of BS 5911,

Precast concrete pipes strengthened by chopped zinc-coated
steol libres are covered by DD 76 ¢ Fart 2, The pipes and
fittings are suitabile for sewage or ser face water under
gravity, and are available in nominal diameters from

O 276 to DM 1200, in threo strength classes, in

lengths of 0.45 m ta 2.6 m. Joints are generally of the
flexible, spigot and socket Type, but in-wall design is also
caterad for,

MOTE 2. 00 76 Pary 2 ix being reviowed 1o spe whathor |8 can ko
converted 10 8 full British Suandard s Part ol BS 5375

§.2.2.5 Hox cufverts. Precast concrete box culverts for foul
rewars, s1orm sewers, storm water retention tanks, manholes
and walls for pumping statigns at atmospheric pressure,

are manutectured in a range of sizes fram 1.0m 1o 6.0 m
spans with variaus internal heights between 0.5 mand

2.0 m and effective lengths between 1.0 m and 2.0 m 10
suit weight limitations. Box culverts are designed
inglividually tosuit specific loading siluations. They are nol
curramly covered by @ Bfitish Standard and details should
ba obtained from the manutacturer.

* Wi apmrapiale i this e ol BS S005, e e cantrute pines can b 1aken fo include conCrais bon culvaris lsea 6.2.2.51,

—
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5.2.2.6 Grey iron pipes. Grey iron pipes and fittings 5Euu'h:l
comply with BS 437 and with BS 4622 and are
manufactured in the size range DN 50 to DN 225; B5 437
makes pravision for centrifugally cast pipes with flexiblae
joints in lengths up o 5.5 m. Flexiblo joints for these pipas
should comply with BS 60B7.

Pressure pipes and fittings with flexible or flanged joints
should comply with BS 4622, Pipes with flexible joints are
available in 5.5 m lengths and those with flanged joints in

4 m lengths.

Fittings complying with BS 437 can ba Jointed direcily to
BS 4622 pipes with lead caulked joints in the smallar
diameters (DM 100 and DN 150 anly].

5.2.3 Flexible pipes

5.2.3.1 General. Flexibla pipes deform under load and the
extent of this deformation depends upon the stitfnass of
the pipe and the campaction of the immediate surround
fill, The materials for these pipes show ductile stress-strain
characteristics.

£.2.3.2 Corrugated metal pipes, Corrugated metal pipes
are manufactured in steel in dismeters from ON 150 to
Ol 2600 and in lengths from 8 m to 3 m, They are jointed
by corrugated or dimpled eoupling bands and various types
of bituminous coatings are available. These pipes are not
covered by a British Standard and details should be
ogbtained Trom the manulaciiiers, Two lorms of
cartugation are available for the pipe as follows.

|a}l Hetigally eorrugated pipes, available insizes from
DM 150 1o ON 1500 made from galvanized steel sheet
complying with B5 2889, grade Z2, coating type GEOO.
The halical joint is formod by a locked seam.

b)) Anpularly corrugated pipes, available in sizes from
ON 1000 to DN 2600 made from steel complying with
A5 1449 : Part 1, grace 3, condition HR. Longitudinal
jeints are rivetted and the pipes are galvanized in
accordance with BS 728,

5.2.3.3 Ductile jron pipes. Ductild iron pipes and fittings
shiould comply with BS 4772 and are manufactured in a
range from DN 80 1o ON 1600. Ductile iron pipes with
flexibla joints are manufactured in nominal lengths of

& 5 m for DN 80 to DN BOO inclusive and nominal lengths
of 8 m for ON 530 to DN 1600 inclusive, Ductile iron pipes
are suitahle far both pressure and non-pressure applications.
A class of pipe [class K3) is available for general purposes
but other classes can be supplied. Pipes with flanged joints
are manufactured in 4 m lengths.

5.2.2.4 Unflanged corrugated finer plates. Unflanged
corrugated liner plates are generally used to form culverts,
pedestrian twnnels and similar structures which ara

* 1 bar = 10" N/m* = 0.1 mPa,

subsequently backfilled externally. To promate long lile
the plates and fittings are supplied galvanized. Plates are
supplied with langitudinal corrugations and eurved to the
required profile.

5.2.3.5 Gisss reinforced plastics (GRP] pipes. GRP pipes
and fittings should comply with BS 5480 : Partz 1 and 2.

in sizes ON 25 te DN 4000, Pipe lengths range from 2.0 m
to 12.0 m although the 6.0 m length is the most common.
GRF pipes are suitable for sewers waorking under gravity
flow or working under prassure. The pipes have flaxible
jointe and ara available in aight pressure and stiffness elasses,
Fittings for use with GRP pipes are manufactured of GRP,
stoal, or ductile iron, and are suitable for the same
spplications as the pipes,

52.3.8 High density polyethylene (HOPE) pipes. HDPE
pipes should comply with B3 B437 in the range of autsice
diarmeters from DN 16 to DM BOO and in a series of pressure
ratings from 2.5 bar® to 10 bar. The'manufactured lengths
ol pipes vary from 10 m to 12 m. Joints can be fusion
welded or mechanically coupled,

6.2.3.7 Unplasticized PYC pipes. Unplasticized PVC pipes
and fittings with flexible mechanical or rigid solvent welded
joints for gravity flow pipelines should comply with

B5 4660 Tor nominal sizes DN 110 and DN 160 and with
B5 54AB1 lor nomin. sizes DN 200 1o DN 830. These
stanclards provide for a wall thickness o dlameter ratio
selecied for the buried sewer application. In accordance
with international standards, plastics pipes are designated
by their outside diameters in recent British Standards,

Unplasticized PVC mpes for pressure applications such as
pumping mains should comply with BS 3505 or BS 3506,
Pipes complying with these standards are identical except
that BS 3506 contains additional clauses relating te water
guality. BS 3508 specifies a range of pipes up to nominal
size 24 in four pressure classes. Unplasticized PVYC pipes
used for intermittent sewage pumping mains should be of
not less than class C (8 bar) nominal working pressure in
accordance with BS 3506.

Unplasticized PVC pipes are narmally available in lengths
up to 6 m with either push fit mechanical joints or plain
ended for use with couplers. Joints and fittings for
unplasticized PVC pressure pipes should comply with

BS 4346 : Partzs 1 and 2.

Reference should be made to BS 5855 : Part 6 and

CP 312 : Parts 1 and 2 for further guidance on the use of
unplasticized PVC pipes and fittings.

5.2.3.8 Aecrlonitrife butadiene styreme (ABS) pipes and
polypropyiene pipes. ARBRS pipes should comply with

B% 5391 and are manufactured in nominal sizes of 3/8 to 8
and in lengths of 3 m to 8 m. Palypropylene pipes should
comply with BS 4991 in lengths of 6 m.
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5.2.3.9 Steel pipes. Sieel pipes and specials {or sewerage
should comply with B3 534; this covers welded and
seamless pipes, specials and joints in an outside diagmeter
range of B0.3 mm to 2220 mm.

5.3 Manhaole sactions

5.3.1 Precast concrete sections. Precast concrete circular
manhale components are manufactured for assembly into
complete manholes; they should comply with BS 5211 :
Part 1. Precast concrete box culvert wnits are also
manufaciured Tor construction as manholes complete with
step irons.

5.3.2 Plectics. Plastics manhols components include

chambers and shafts. A concrete surround may be required
in conjunction with these units.

5.4 Manhaole covers and frames

Duetite iron and grey iren manhole covers and frames
should comply with BS 497 and are in threa grades far
hmeavy, medium and light duty [grades &, B and C
respectively].

5.5 Materials for bedding and back!ill

5.5.1 Ganeral. The classification in figures 1 and 2 provides.

a practical method of specifying pipe bedding materials for
the range of pipes commaercially available,

5.6.2 Granular materials for pipe bedding, Generally it
will be impractical to L8 two granular materials in the
sama trench, and pessibly within the same contract. The
¢haica ol badding matarials is therefors to some extent a
compromise, Granular materials should be durable under
the influence of ground water.
Materials should be compacted to give maximum load-
bearing capacity. As compaction at the sides and over a
pipe i difficult to achivve without ipecial apparatus,
a single-sized bedding material may be preferred, If good
compaction can ba achieved, well-graded materials can be
compacted 10 @ minimum yoid ratio to provide a higher
load-bearing capacity.
A compaction fraction (CF§ test may indicate that
altornative granular materials would be acceptable;
material with a CF greater than 0.15 requires extra care in
compaction, Details of the CF test are set out in
appendix D,
In wet soils the migration of fine soil particles with ground
water into the voids of granular bedding may be prevented
by surrounding the granular materizl with filter labric.
Granular matorials lor pipe beddings should comply with
the lallawing.
[a) Mominal single size aggregate complying with
table 4 af BS 087 ; 1083 as {ollows:

DN 100 10 mm size

DM 150 10 mrm or 14 mm sizo

DN 200 to DR300 10 mm, 14 mm or 20 mm size

DN 375 10 DN 525 14 mm or 20 mm size

DN BOD and above 14 mm or 20 mm or 40 mm size

BS BOOS: Pert 1:1387
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(b) Graded aggregate complying with table 4 of
BS BA2 : 1983 as foliows:
DM 100 14 mm 1o 5 mm
DM 150 10 DN 525 20 mm 10 5 mm, or 14 mm
to B mm
40 mm to 5 mm, 20 mm to
B rm, or 14 mm to & mm
[e) Granular material having a CF value not greéater than
0.3 lor pipes Yess than DM 300 and 0.2 for pipes ON 300
and above when tested in accordance with appendix 0.
The maximum particla size should be as follows:
Less than DM 600 20 mm
DN 600 and above 40 mm
It should be noted that rounded matarials, especially single
sized, may not form stable beds for pipes of DN 300 and
abave. The greater the proportion of fines in the material
the greater is the care necded im compaction,
B.5.3 Selecred {ifl. Selacted fill should preferably cansist
af unilorm sail, frea from stones larger than 40 mm,
clay lumps latger than 76 mm, tree roots, rubbish, erganic
matter and frozen sail.

OM 60O gnd above

5.6 Concrata

NOTE. This clewse covars in titu conerenn. Precast conerate
products arn covered by various Brithh Standards,

6.6.1 Cement. Cernent Tor use in sewerage work shauld
comply with BS 12, BS 146, B5 1270, BS 4027, BS 4245
or BS 4248,

MOTE, Thii ¢lauie dans not spnly (o caments uted lor jJainting
plantict pipen [iee B8],

The cammaonly used cements are ordinary and rapid-
hardening Portland eement. High glumina cement
complying with BS 915 should not be used for structural
(load bearing] work.

Where sulphates are present, reference should be made to
BS 8110 [see also 5.77].

§.6.2 Aggregares. Aggrogates should eomply with B5 882
ar BS 1047, Where tests are roquired they should be
carried out in accordance with B3 812.

5.6.3 Warer. Water should be clean and free from
significant amounts of deleterious matier, sither in
suspension or in selution, Where sampling and twesting of
whater is recquired this should be carried out in accordance
with BS 3148, I the water is suspect, test cubes should be
made with the proposed water and their setting times and
strength development compared with cubes made with
water of approved quality.

5.6.4 Steel reinforcement, Steel reinforcement for concrede
should comply with BS 4449, BS 4461, BS 4482 or

B5 4483, Steel for prestressed concrote should comply with
BS 4486 or BS 5808,

Whenaver possible, the bending dimensions and scheduling
ol bars for reinforcement should comply with B3 44066,
The cover of conorete over all steel reinforcomaents should
be 35 set out in BS B110 ar BS BOOT as appropriate,
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5.6.5 Concrate mixes
5.

6.5.1 General, Concrete mixes should be spacified in
accordance with B85 5328. The requirements relating to
permitted concentration of chlorides in concrate should
be as recommended in BS 8110,
5.6.5.2 Admuxtures. Admixtures, if parmitted, chould
comply with BS 8076, Caleiem chiloride or admixtures
based thergon shouwld not be vsed for concrete containing
stesl, or where sulphate-resisting Portland cement (SAPC)
15 to be wsed,

5,7 Cement morar

§.7.1 General. A mortar mix of 1:3 cement/sand ratio is
suitable for the foll owing purposes:
brickwork;
rigid joints for elay or conerete pipes:
joints for precast concrete manh ol sactions;
rendering of inverts and benchings,

§.7.2 Cement. Cemant Tor use in mortar should be as
described in 5.6.1.

5.7.3 Agoregates. The fine aggregate for mortar should
consist of sand complying with BS 1189 and 1200, or
BS BRZ, grades M or F.

5.8 Cementitious grouts

5.8.1 Cement. Cement far use in cémentitious grouts
should be as deseribed in 5.6.1.

5.8.2 Pulverired fuel agh, Pulverized fuel ash should
camply with B5 3892 : Part 2,

5.8.3 Apgregates. The fine aggregate for cementiticus
grouts should consist of sand complying with BS B33,
grades M ar F.

5.9 Solvent cemeants

Solvent cements for unplasticized PYC pipes and fittings
are gpecified in BS 4346 : Part 1 for pipes and littings to
BS 3508, BS 3506, BS 4346 : Part 2 and BS 5481, Solvent
cements for jointing pipes to BS 4660 are specified in

B85 6200 but cemonts complying with BS 4346 Part 1

are also suitable.

5,70 Bricks and blocks

Aricks should be class B engineering ty pe complying with
BS 3921, Concrete bricks or blacks should comply with
BS BOTI.

5.11 Step ironi

Step irons should comply with BS 1247 in malleable cast
iron and in spheroidal graphite iron [ductile) and be
gaivanized, There are four basic patterns, i.0. general
purpose, precast concrete manholes, round bar corner and

harpaon.

5.12 Ladders

Fixed ladders should meet the dimensional requirements
of BS 4211 except that stringers should be not less than
65 mm % 20 mm in section and rungs 25 mm in diameter.
When made of low carbon steel they should be protected
by hot dip galvanizing in accerdance with B3 729,

5.13 Safety chains

Safety chains should be made of low carbon steel or of
stainless sieel, 10 mm nominal size, short:link, smooth
welded chaim to BS 4942 @ Part 2. Whin made of low
carbon steel they should be protected by hot dip
galvanizing in accordance with BS 729,

5.14 Handrails and handholds

Handrzils and handholds should be at least 26 mm in
diameter. Low carbon steel tube and bar should comply
with BS 1387 and BS 43680, They thould be protecied by
hot dip galvanizing in accordance with BS 720,

5.15 Valwes
Guidance on values is given in B35 BOOS © Part 2.

5.16 Guilies

Gullies should comply with BS 65, BS 437 or
BS 5911 ; Part 2 22 appropriate.

A gully usually incorporates a trap, or 3 sump, or both,
to retain detritus, The top should be fitted with either a
grating or a sealed cover, Connections should be made
bielow the grating or cover. Gullies may be specially
designed 1o suit selecied locations and the volume and
nature of the flow. They can also incorporate means of
acoess for rodding the branch drain beyond the trap.

5.17 Resistance to chemical attack

5.17.1 General, Pipes and joints in materials relerred to
in 5.2 are generally suitable for use in sewers and drains
eonveying surface water, foul sewage and trade effluent
which may legally be discharged to public sewers. The soil
in which the sewar is to be laid may be corrosive to certain
pipe and/or jointing materials and this may affect the
choice of materials. Where a sewer or drain is liable to carry
untreated and corrogive trade effluents, further consider-
ation should be given to possible protective measures.
Liguicls at elevated temperatures are likely to be
significantly more aggressive than those at ambient UK
temperatures. General guidance is given in table 1.

§.17.2 Concrete and materials containing cement, Normal
domestic sewage is not apgressive to Portland cement
eonerete or cement composite. Attack may howevar
pxcaptionally occur as a result of aggressive ground water
{see BRE Digest No. 250 [4] and B5 8110), or from
discharges from haspitals or industrial processes from
illegal discharges, or from sewage if it bacomes septic.




Tatle 1 & intended to give general information and,

in those cases where it is shown that concrate may be
attacked, specialist advize should be obtained.

Tho cement content, the water/cement ratio and tha
compaction will have considerable offect on the resistance
ol concrote to chemical attack. A dense, high quality,

well compacted eoncrete is very résistant 1o attack.
Conerete pipes which comply witlh BS GB11 are normally
resistant to attack by sulphates in safution, a3 the concrete
in the pipes has-a high cement content {about 400 ka/m?},
a very low waterfecement ratio (0.30 to 0.056) and s waell
compacied by the pipemaking process. For additianal
protection SAPC should be specified.

5.17.3 Pratection af ductile irom, Where conditions are
particularly aggressive, additional protection shouwld be
considersd {e.g. the site fitting of polyethylene sleeving
complying with BS BO76 or factory application of zine
coatingl,

BS 8005 : Part 1:1987
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BS 4772 details the stanclard protection for duetile iron
pipes, 1n sizes DN BO ta DN 80O the pipes are zinc coaled
externally, prior to bitumen coating internally and
externally. For sizes DN 800 to ON 1100 the pipes are
cernent mortar lined and coated extornally with bitumen
material. All size pipas and fittings can, if required,
be cement mortar lined. The bitumen thould comply with
BS 3411, type Il or BS 4147, type |,
5.17.4 Protection for grey fron pipes. The standard
protectien for grey iron pipes is as follows:
[a] cold applied coatings complying with BS 3416; ar
(b} hot applied coatings complying with BS 8147 or
{e} zinc er epoxy type coatings as dascribed in BS 5483,

MNOTE, la same sgrasslve soili ar whore ngoressive chemianicare
bring dischargod it rmay ba advisabile 1o wee additianal prorecive
coaling syitems or combinations of those listed abowe,

5.17.5 Proreciion for steel pipes. BS 534 describies intornal
and sxternal protection systems for steel pipewoark Tor
SEWErage.




(45 BOOS5:Part 1: 1987
Soctlion two

Figura | Hedding Bodding Commants
claeg fuctar”
1a o |I 1.1 ' Pipe laid on trimmed trench bottom.
150 min, i

11 Fipe laid on a flat layer af granular
matarial with CF1 not greater than 0.3,

1b N . B V///}’%f
%)

7
i o

100 min B

1c F 1.5 Pipe faid on a flat layver of granular
150 min [ 277 5“|"" i material with CFt not greater than 0.2,
} L Roaiila Mustrated after settlement,
100 mingd 50 min

| 150 min, four times the outside diameter of the pipe
barrel, the granular material may be sloped
daown from that width te the trench
formation.

1d a 1.8 Pipe laid on granular material to hall
diameter with CFt not greater than 0.3,
1e £ 2.2 Pipe fully surrounded by granular
material with CFT not greater than 0.2,
1f 2] 1.8 Construction as in figures 1b, 1c, 1d and 1e,
lexample} (ewample}| except that when the trench width exceeds

l All dimengions are in millimetres,
1 KEY.

% Selecied [ifl

& v the exiernal pepe diameter.

Granular materisl

NOTE 1,5.52 gives recommendodiong far granufar maierial for bﬂddiﬁg.

NOTE 2. 5,53 gives recommendations Ter solected meterial Tor sidelill and initial backlill,

MNOTE I 12.8.210 12.6.6 and 12.9 deiail pipeloying procedures [or baddings,

NOTE 4. Whare there are sockets, these should be not e than 50 mm above the [foor of the tronch,

* Bedding factor = the ratio of the sirengih ol the pipeline on the specilied bedding to the specified crushing sirength of the pipe,

1t Sco oppendix .

Figura 1. Beddings for rigid pipes
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Frguira Typa of Commants
trench
2a Typical Pipe surrcunded in granular mateiial
except above the crown where salecied
* fill may ba suitable [see 12.8.2.2).
H;E
h Voa A sub-trench should be dug a3 shewn,
with construction as-in ligure 2a.
de Wide Canstruction as in figure 2a except that
when the tranch execeeds six times the
putside diameter ol the pipe barrel, the
granular material may be sloped do'wn
from that width to the tronch formation,
%4 Siepped 1.50¢ mi Construction as in figure 2a for top pipe.
| dual e
3010 ‘!
1 g
109 min

All dimgraisns are iy realiimatees.

KEY

E;g?ﬂ Salecied Nl
P Fd
£

En v the amiernnl pipeo cliamele

Granslar material

Gronular maierial or

seipcted [l eaniaining
o g1 ones (acger than

AL e,

MOTE 1, 5.5.2 gives recammandnnans los granular material los bedding,

MNOTE 2. 5.5.3 grees recommendotiond for seleciod materiod for iniual Backiill
WOTE 3:12.6.3 10 12.8.5 nrwd 12.9 detail pipnlaying procodure laf baddings,
NOTE 4, Where there are tockets, these should be ot los than BO rern abave the llooe of tha trench,

Figure 2, Beddings for flexible pipes
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Saclion two

Table 1. Chemical resistance of materials (for genaral guidance) (Sec also ralevant information in clause 5)

&  Normally suitahle,
E  Newd pxpert advice, apch case 10 be conssdared on its awn marils,

5 Specisly suitatle,
11 b8 vt raaible Lo dofirad Righ Lamgaiatue @ sespect of this range of materals and manulacturer s sdvice shauld be sough,

§ There i3 no suitable Britiah Standard Tor ihase panting matarnlz. The classification pivan 1o them in tha tatde assumes that 1ha formulations and
misibocis of curing emploved sre thosa appeopriata for pips poimlimg.
NOTE. 1 is important to (oke accownt of guaniities ol concantrations of pll rypas of chamical Bualy 1o be sncounianed,

- ———

Breup BS mp, | Muteial snd sppborteas Trade sfflannt Sall
Al maemal Orgimic | Contniming ols Alvawtemed bigh | Sl emdrsamen
Temeparaiure wobwsarts | sad futy Tampereian | ey
Akl mnad | ASualin Voguinhis | Momeral | Adis Aaly | Selphuies| Ao
et
o gy
Carmmc a5 Clayweara poes and littings 5 H s 5 5 F A = -1
1106
921 | Buicks and blocks of firsd hrick-oenh,
elny or ahala s L 5 5 a5 A o 5 5
Conrcrols 8311 | Concrole pipos:
BO7A | Conerola Mesonry unis
Qrdivary Parland camant E E E A Y
Sulphsin-aaating Poclend
camant & -] A E 5 A
Agbagrogs-carman) | 486 AshEstos-caMman! fraasurn papes
ared [aints
JBEEB | AsbestoR-cament pipan, joings and
Jithrgs |grovity] for sswarnga snd
drsnnga E A A E A E A A E
Marnls 534 Stosl pipes erd linings E A A n A E E E E
417 Gray iran pipan and Kitings
tgravieyl
4§22 | Grey iron piges and lithngs E A A A A E E o E
|presawral
A4TT2 | Duetita ron plpas and fitlings
Plastics ;:.:? Unplesticiesd PVE geavity drsin
3505 and anwar 5 5 E A A E E s 5
508 Ry
480 | GAP A A E A A E E A A
dointing matenals | 2494 | Auhbr
lothar than rintursl (MR A A E E E E n A A
Poriland comsnt chigroprans (CR) 5 A E . A A Y 5 5
and iron and stesl RUTYL[IIA] 5 s A A A A A 5 5
camponents argrang-butatiana (SER) A A E E E E A A A
|£em B2} butadinne Sacrylonernla [HER) . A E A A E A A A
mifvelana progeyiomg
tarpolyrmar (EPCM| A A E A E A A A A
nitvlana-progylenn
cogalymar [EPRI A A E A E A A A A
1Biuminows compositions A A E E E E E A A
1Palyasinr resin 5 A E A A E E 5 5
1972 | Polysibyione A I A 5 A A A 5 B
1873
J204
6437
{Pasurnthang S 5 A 3 A A A 5 5
tPalypropyians 5 5 A 5 A A A 5 5
fEpoay A 5 E E A E 5 5 A
EEY '
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Section three. Design

6 Basic pnnciples

6.1 Genaral

Tha dl;rs.ign. ol a seworage systom is influenced I:I"[' the local
tepoaraphy, the extent and charactar of developmaent. the
existimg and future flows from adjacant catehments,
together with the suitability of the point of discharge of
any proposed sewer, and the location and adeguacy
{loth hydraulic and structural} of any existing seweraga
$YS1EMm.

6.2 Sewernge systams

6.2.1 The different nystems. There are threo differont

systems as follows.
{a] The separate system (sometimes known as the
tatally separate tystam) carrins foul sewage (domestic
sewage and trade effluents) by an individual system of
sowers to 3 sewage treatment works or gutfall point,
Surface water from roads, fantpaths, roofs and other
paved areas is collecied in an independent system af
surface waler sewers and dischorged into eonvenient
natural watercourses or soakaways, except in industrial
areas where there is a high risk of pellution.
{b] The partially separate system is one in which foul
sewage, tagether with some surfaco water, usually but
nat pecessarily fram roof or yard drainage, is coilected
by ane sower and the balance of the surfaoce water is
eollested in another sewer or discharged direct toa
wilercourse or toakaway.
{e] The combined system ii a cne pipe system which
carries all the foul sewage and surface water to 3 sewago
treatment works or outfall point.

6.2.2 Choice of system, The sewerage system to be used
depends an both technical and financial considerations,
and on the requirement of the water authority. in the UK,
1he separate system |5 normally adopted for new
devalepment, but if much of the existing sewaraga s either
cambired or partially separate, this may determine the
cheice of system, The hydraulic design of 8 combined
system is more clasely associated with surface waler
sewearpge than with foul sewarage,
Duiring the radevelopment of urban areas, or when sewers
are being reconstructed, the opportunity may arize to
construct a separate system to replace an existing system
of combinad ar partially separate sewers, and this may be
more economical than the provision of additio nal
combinad sewerage capacity.
The choice of a sewerage system depends on a numbar af
factors as follaws,
{a) In a separate system, surface water sewarage can
sometlimes be separated inta a number of smaller
catchments, each with [t ewn diseharge 1o a water-
caursa, This will limit the overall pipe sizg and could
show a saving in capital cost, but there will be the
additional maintenanee eosts of the Two systoms.
(b} With a separate system of sewars, the foul sewer is
naemally laid at a lower level 1o focilitate house
eonnections. The laying of a foul sewer below the

BS BOOG: Part 71887
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surface wator swer will also minimize the ik af
discharge of foul sewage 1o a watercourse in the event
of damage 10 the surface water sewer, or of any cros
connection between the two. Care is nesded to avoid
incorrect connections when thare are two separate
SEVVETL.

fe] Combined sewers can provide a means of control of
pollution of watercourses as a large part of the surface
water run-off will ba passed through the sewage
treatment works, Additional quality eontral can be
abtained by tha installation of sil/petral traps and
grease trape.

[d} A combined sewarage systern noeds to be large
enough to carry storm run-ol! {see 8.4) but shauld also
work at a self-cleansing velocity during dry wea (her
conditions.

{g) If & part of the surface water run-off can he
discharged directly 1o a local watarcourse or to
soekaways, the partially separate system should

be cansidered,

[f] With combined or partially separate sewerage sysiems,
storm sewage overflows may be considered to enable
flows fram starms to be diverted when the design ren-
of f is exceeded {ize 7.23],

{o] The amount of surface water in combined or
partially separate sewers will increase the by draulic
espacity required at pumping statiens and ot sewage
treatment works. The additional capital investment
and operational costs need to be taken inte account
when comparing alternative proposals.

6.3 Preliminary investigations

6.3.1 Genaral. The scopa of site investigations werk and
the methods employed are covered by BS 5830, Particular
gttention should be paid to the topography and the nature
of the subsoil, Speclalist investigations are necassary il
there is 3 possibility of the land being subject to mining
subsidence or ather ground instability.

6.3.2 Topograghy. Anexeminstion of contour maps
enable preliminary lines far sewers and pumping mains 1o
be extablished so that the gencral feasibility of the
proposals cen be datarmined before details are prepared.

it is important to use Gaglogical Survey data in conjunction
with contour maps when a cholce between dasp open cut
and tunnel is indicated.

6.3.3 Ground investigations. Ground investigations should
be planned in the light and knowledge of site conditions
slready gained and of the probable disposition and depths
of excavation. Where problems are known 1o exist,
appropriats measures to determine their character and
magnitude should be allowed for in any contract.

A preliminary ground investigation for a projected sewer
or pumging main may be nocessary to determine the
feasibility of 1he enginearing work involved or to asseds the
nature and scope of the main site inyvestigation. In the
latter case, the preliminary nvestigation facilitates the
preparation of bills of quantities. The preliminany
investigation should, in eanjunction with information
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gained from ather sources, reveal any parts af tha site
which require particular attention in the main site
investigation,

In determining whether to amrange for a preliminary site
investigation in advance of & main ground investigation,
the desigrer should take into account the cost implications
arnd the disturbance and inconvenience, 1o land owrners and
others, of having two separate invastigations.

Trial pits {hand or machine dug] should be cpened up as a
matter of course on 2 site investigation, unless conditions
make it impractical, 10 gain information about the
uniformity ar otherwise of soil in the mass, Such detailed
infarmation cannot e ascertainod (rom boreholas.

B.3.4 Existing services. The positiorns of all existing sarvices
should be ascertained as accurately as possible. The records
of the relovant public and private bodies should be
examined and consideration given 1o thelr possible
imnaccuracy. Exploratory holes should be excavated whera
necessary, Thi details of proposed readworks and other
developmant on the route of the new sewers should also

e exarmined.

6.3.5 Exiting surface water drainage. The lines and levels
of all existing draing, ditches and walercourses should be
ascertained. When these aro (o be drained inta 8 new
surface water sewerage system, their drainage areas should
be determined and surveyed. The relovant drainage
authority should be consul ted,

6.3.6 [nfiltration. In cases which involve the connection
afan old system of sowers (which is not to be reconstructed)
o a new system, the infiliration of groundwater to the old
systermn may be of significance and should be estimated by
abservation of the night How. This should prefarably be
dene when the ground water tzble is high.

It may be pomsible to contral infiliration by maintenanca,
renovation or elimination of wrong connections. This could
alleviate tha peed for, or reduce the capacity of, additional
sewers. Howaever it is necessary o show that there is a
reasonable probability of abatement and that the nacassary
works are cost-affective. Infiltration abatement schemes on
public sewers have on certain occasions caused a (ise in the
water table which simply transferred the infiltration source
to the private drains.

Motwithstanding the sdvancas in pipe materials and jointing
systerns, soma allowance Tar infiltration Into complately
new systems should be made wheve pipelines are laid below
the ground water table, Thare is always some risk of
infiltration through building drainage connections, whera
the small seale and the piecemeal nature of tha work render
quality contral particularly difficult.

6.3.7 Soil samples. Sampling and testing of sall should be
undertaken in accordance with the recommendations of
BS 5930, with the extent and nature of tests being related
to the nature of the greund and the form of construction
under consideration. A site investigation can only cover a
relatively small part of the lengths of sewers under
consideration and may not identify afl variations in ground
eanditions. Similarly samples and tests may not always be
represantative of all materials on site. On investigation,

if the ground conditions are found to be variable or of 2
dubiaus nature, the advice of an expert should be seught.

6.3.8 Ground water. The existence of ground water will
ber of particular impartance and steps should be taken to
identify ground water levels, including seasonal varfations.
Sampling and testing should be carried out 1o identify
conditions which may be corrosive 1o materials used,

6.4 Financial and engincering assesment

6.4.1 General. The financial and economic aspects of the
various gptions 2paen 1o the designer should be considered
alongsice the technical, operational, manpower, social,
energy conservation and other lactors before reaching a
decision a3 1o the preferred salution,

Both copitol investrment and operational costs should e
evaluated on the basis of the best information available and
options should be compared using cash (low discounting or
other techniques as may be appropriaie. Due consideration
should be given 1o the sccurscy of the various assumptions
made in developing the scheme and the sensitivity of the
appraisal 10 errers in these or to changes arising in the
future, including the effects of possible differential
inflation.

6.4.2 Staging of schemes. Due 1o the practical difficulties
in duplicating deep sewers in urban areas and the
considerable economies of scale in sewer costs, it is often
necessary to provide capacity to deal with any possible
future Tlows srising from development of the drainage area.
Im rural areas, where developmaent is unceriain, of where
space is available or can be reserved, development of sewers
can be planned in stages according to the relative costings
of alternative schemes. Staged construction should be
considered particularly wheon sewers can be laid at
minimum depth or where lengths of pumping main are
neadecd.

6.5 Layout ol iewerage systems

6.5.1 Economy in the design of sewers and sewer
comnactfons, While sewers sthauld generally bae kept as ehort
a3 possible, snd unproductive lengths avoided, care should
be taken not to restrict potential development, The route
and depth of 8 new sawer should always take sccount of
land where there is the passibility of future develepment.
Where main sewers are laid at considerable depths or under
main highways having expensive foundations and surfaces,
it may be cheaper or mere convenient to lay shallow rider
s@wers to receive the local house connections, and 1o
connect the riders at a small number of canvenlent points
into the main sewar.

6.5.2 Depths of sewers. Sewers should be |aid at depths
which will accommodate not anly all existing properties
but also any future properties likely to be erected within
the area which the sewers are designed to serve; in certain
cases, the depth of basements may neoed to be borne in
mind.

The dapth ol & sewer will have a significant affect on the
cost of it construction. The depth, in conjunction with
other factors such as the nature of the ground, presence
aof groundwater and the proximity of foundations, services,
ete., may influence the farm and method of construction
encugh to justify the adoption of slternative layouts with
longer lengths of sewer where praciicable,
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6.5.1 Gradienis of sewers Tha most economical design of
sewers is obitained when they follow the natural falls of the
ground. Sewers should, however, be Jaid at such gradients
as will praduce velocities suf iciontly high to prevent tha
deposition of salid matter in the invert, For surface water
sewers this can usually ba achieved by ansuring that
gradients are sulficient to giva full bora velocitios af at least
0.75 md. For foul aned combined sewers this minimum
velgcity should be ixeceeded daily, which can be achieved
by laying the sewers to a gradient which will give 8 valocity
af 1.0 mfs at full bore How.

6.5.4 Pumping stations. Circumstances which may maka
the pumping af faul ar surface water sewnge aither
MECOssary or advisable include tha luﬂuwing:

{a] aveidance of excessive depths of sewer;

[k} the drainage of low lying parts of an areal

(e} e development of areas not capablo of

gravitational discharge to an adjaining sewerage system,

2 sawage reatment works or an outfall;

{d} overcoming an obstacle, 0.4, a ridge, a watercourse,

a railway, o for avoiding an inverted siphon;

(e} the correction of difficulties in a sewerage system

resuting from mining subsidence;

It} the pravision of sufficient head for operation 3t a

treatment works;

(g1 the centralization of sewage treatment;

ih] raising sewage to storage tanks.
These paints should be considered alongsida the larg-term
energy commitments and the capital cast
The autput from a pumping station is normally irregular,
particularly during tha early life of the station when the
flaw in the sewers may be substantially below the design
floww, The alfeete of this iregular flow should be taken into
sccount in relation to the flow in downstream sewars and
st any lreatrnent works, the premature operation af
averflows and the possibility of septicity of the :ewage in
pumping mains. The discharge from a pumping station may,
however, provide a banefizial flushing effect in the sewers.
Site selection should take account of the posibility of
flooding, limiting nuisance or damage caused by overflow
in the evant of mechanical or power failure and the affect
an the general amenity of an area from noise or smell.
Pumping operations may be concentrated at one point or
poeur gt a number of strategic points on a drainage system.
Alternatives should bo considered and cost comparizons
made with due regard given to the capital Investment and
operational costs whieh pumping will entail.
NEOTE. The design ol sewage pumping vtationt and pumping maing
i5 eonsidered in deteil in B5 BO0S : Port 2,
6.5.5 Vacuum sewerage. |n g vacuum sewerage system a
vacuum i3 induced and maintained in the pipe sysiem by
moane of central vacuum pumps and & reservoir, The
vacuum pulls smaage through the sysiem toa cantral
coliection chamber where it is dispased of using gravity
or eenvantional pumping,
This type of syqlem is not really now insofar as instzllations
can be traced back 1o 1868 in Helland. But these older
installations were very complex, ranuiring two pipe systems
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and special vacuum traps at all eannactions. 1tis only in
recant years that a reliable pneumatically operated vacuum
interface valve has bean devaloped which allows the use ol
single pipe systerms drawing the sewage from strategically
placed collection sumps ta which convantional gravity
housa drains and sanitary fittings can be connected. This
has simplified the pipowork, and means that operation and
matnienance iz a little more complicated than conventional
systems and that the cost of installation and operstion is
competitive with othar mare nermal systems.,
acuum mains sre relatively independent of gradient and
the depth of cover can vsually be the minimum 1 m to
1.5 m needed for protection. They ara a viable alternative
to gravity and convenlional pumped systems, particularly
the former in situations where the terrain is flat, there is 3
high groundwater leval, unstabile solls, rock, a requirement
for a narrgw trench and underground obstructions,
although it should be remembered that continugus vacuum
pumping will be required.
The vacuurm EUwWerage syatem has been installed in a number
of locations in East Anglia and is being considerad in other
Iocations. Pipes are of plastics and can vary in size [rom
18 mm to 200 mm in dismeter, although larger diamaters
are under consideration.
MOTE. The installotion ol vheuum tewerppe in the LK i1 described
in the paper entitled "Vacuum sewerage’ by 8 tanley snd Milli |51,
presenied st the Internations! Confersnce on the Planning,
Canstruction, Maintenanece and Operation ol Seweeaga Syrtems on
12-14 Soptembér 1804,
6.5.8 Location of sewers. To allow for adeguate acoess 1o
a sewer for maintenance and 1o keep maintenance tasts to
g minimum, the following factors should be considered:
[a} the position of other existing or proposed services;
(b} the proximity of existing buildings and their
foundations and the nature of the road construction,
in relation 1o the depth and size of the proposed sewer;

{e) the impact of the canstruction of the tewar and

subsequent maintenance activities upon road users.
YWhere practicable, it the majority of development is slong
ane side of @ road, the sewers should ba laid along that side.
Tha duplication af sewers and the cost of laying these in
the verge on each side of @ main road should be compared
with the cast of a single sewer with individual property
connections from aither side laid under the carriageway.

Whare sewers are located under the carriageway, this will
fmave verges and footpaths available for services which are
more likely to require repairs. However, if the sewer i at
sufficient dopth, it can ba constructed in heading or tunnal
1o pass under existing services and its position will then
aniy ba affected by the reguiraments 1o locate manhaoles
1o avaid those services, In the case of new development,
where thie routeing of sewers along roads may be difficult
or produce an unaconomic layout, it may be possible 10
lay tham under public footpaths or pedestrian areas linking
different parts of the development.

When areas are being improved or redeveloped and the
existing sewerage system is combined or partially saparate,
the possibility of ehanging the system should be considered,
together with the possible replacemant of old sewers, or
their relocation under nmw or improved paved areas.
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8.5.7 Septicine. Septicity caused by the prolonged
retention of sewage under anaerobic conditions should ba
avoided by limiting the time of retention in rising mains
and siphons and by the provision of sell-cleaning velocities
in all sewers,

Septicity of sewage leads to offensive smells and diffigulties
in treatment. It ismainly caused by the retention of
organic salids lor long periods in an erwironment where
thera is a shortage of free oxygen. |t may occur in lengthy
sewerage systems, and in siphans and pumping mains where
sewage may be retained for many hours particulasly during
the night.

Septic swange may produce gases such as methang and
hydrogen sulphide. When mixed with air in certain
prapartions meihane is highly explosive. Hydrogen sulphide
is toxic in high cancentrations and in part-full pipes may be
converfed by micro-organisms an the damp crown af the
pipe into sulphuric acid. This acid can cause serigus
corrosiaon of work constructed with Portland cement.
Hydrogen sulphide is formed under anacrobic conditions

at low valocity of How and warm temperatures. The rate

of release is increased at points of high turbulence such as
backdrops and the outlets of inverted siphons and rising
mains, Carrogion can occur to susceptibie materials at theso
paints and downstream af them.

6.5.8 Obsracles ro swer fines. Other services, railways,
waterways, major roads and similar structures frequently
constitute serious obstacles in the layout of scwerage,
Sewars are normally routed beneath such obstacles but,

i certain cases, the relative levels may be such as to enatde
the sewer to ba carriod above the obstacle. | the sewer is
of small diamater, permission may be obtalned 10 sling it
alpnggide an existing bridge structure. To carry a large
dizmeter sewer, however, 11 will usually be necessary 1o
construct a special pipe bridge. When constraints resulting
from the span, headroom and scceis preclude this it will be
necessary to drop the sewer below the obstacle.

The routeing of sewers under obstacles can result in
considerable waitage of available fall as well as excessive
dapth beyond the obstacle. This wastage of fall may be
reduced by the introduction of an inverted siphon {ses B.9].
It may however be possible 1o effect an economy by
choosing a reute for the sewer which crossas the obstacle
at a more favourable place, even if this entails an Increase
in its length.

7 Surface water sewerage

7.1 Genaral

Surface water sewers are designed to collect and convay
run-off generated within an urban area during rainfall,

far safe discharge into a receiving watercourse, The
magnitude of peak flows that have 1o be accommodated
will depend primarily on the intensity of rainfall and the
sizn and configuration of the paved areas. The topography.,
soil type and its permeability have also to be considerad
when estimating the flows emanating from unpaved argas,

' in preparatiom,

but these ara generally small relative to the run-off from
paved areas, particularly under UK conditions.,

In the past, the most commonly used design metheds have
been the Rational {Lloyd Davies| Mothod and the THRL
Hydrograph Method [6] . Since 1981 these technigues have
been updated by the methods In the Wallingfard Procedure
(7], developed by Hydraulics Ressarch Station, with the
assistance of the Institute of Hydrology and the
Meteoralogical Office, under the supervision of the
DoE/NWC Working Party.

With the older methods a design storm was selected and
pipe sizes calculated to carry the resulting flows without
surcharge, It was assumed that an adequate protection fram
surface flooding was thus provided, With the newer
metheds, the same approach is taken [or sizing the pipes,
but design can them be checked using a simulation program
{WASSP—SIM] to establish the performance of the system
under storms of longer return period.. | an adequate
protection against flooding is not found, the design should
be adpusted, WASSP—5IM is principally uted to check the
hydraulic performance af existing systems. [See B5 8006 ¢
Part 5°.)

7.2 Rainfall

1.2.1 Performance criteria. It is normally impracticable 1o
avaid flooding from infrequent storms. A balance therefore
has to be drawn between cost and the level of performance
provided. Where the elient autharity hos specified the
performance criteria for protection against surcharge and
floading, these should be adhered to. For small schemos
the criteria in table 2 have been suggested (3] for
mrotection against surcharge and theie should be used in
the abgence of alternative requirernents.

Table 2. Storm return periods for design

Loeation Aeturm
pariod
Years

Sites with average surface gradient

greater than 1% 1

Sites with average surface gradient of

1% or less 2

Sites whers consequences of flooding

ars severs, e.g. existing bamernent

properties adjecent to new devalopments 5

For larger schames, following design, checks should be
made using WASSP-SIM to ensure that an adequate lovel
of protection againgt flocding will be present. These checks
are particularly important on undulating or steeply sloping
catchments. The client authority's requiremants should
again be followed, but in their absence a 30 year flood
protection level should be assurmed against surfece llooding
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7.2.2 Design storms. The Modified Rational Method
{Wallingford Procedure] and its predecessar tha Lloyd
Davies Method assume mean rates of rainfall during the
storm. The Hydrograph methods use a curve ar storm
profile which describas the distribution af rainfall
intensities during the duration of the storm. Mean rainfall
rates and storm profiles for the older methods are tabulated
[6] together with adjustment factors or different
geographical locations within the UK. For the Wallingford
Procedure methads, profifes for typical summer starms are
built into the programs. Geagraphical rainfall variations
aro taken into account, Alternative storm profiles may be
appropriate as, for example, whan the combined effects of
sawer and river flooding are being studied and both winter
and summer storm; have to be considered, Guidance an
storm prafile canstruction should be saught from the
Wallinglord Procedure (7] and the "Flood studies report
18] ar fram tha Moteorological Offica.

7.3 Hydraulic design mothods

7.3.1 TRRL Hydrograph mathod, Tha TRAL moathod was
published in 1963, Subsequently modifications were made
and incorporated in the secand edition of Road Note
No. 35 [6], and the techniques described thera were the
preferred method prior to the publication ol the
Wallinglard Procedura.
Fainfall is entered in the form of a variable intensity
hyetograph, which can be either an observed storm or a
synthesized storm, The volume of pun-off is determined
by assuming 100 % rur-off from drained impermeable
areas, i.e. paved and roof areas, and zoro contribution
from all pervious areas (parks, gardens, ete.),
Surface rur-off s represented by a time-grea diagram with
base equal Lo time of entry. The recommended value for
time of entry 5 2 min for normal urban areas, increasing
1o & min for areas which are large and/or have shallow
gradients.
Time af Haw down individual pipe lengths is ealeulated
fram pipe full velocities ebtained using the Colebrook-
White formula. To allow for temporary storage in the pipe,
theinput hydrograph is modified by routeing it through the
reservoir [ormed by the pipe of the current design length.
it is thus paossible 1o abtain a discharge hydrograph for each
pipe length I the system, from which both peak flow rates
and volumes can be assessed,
The principal limitation of the TRRL method is its inability
to model dirsctly flow in surcharged pipes and therefore its
unsuitability for modalling existing overloaded systems.
Also the sssumptions of 100 % and zero run-off are not
considered to be a sulliciently accurate representation of
actlual percontage run-off rates.
7.3.2 Moditied Ratieral Method (Wallinglord Procedurs).
The Wallingford Procedure includes the following programs.
{a] WASSP—RAT: a madification of the Rationsl
Methad for design of sewer netwaorks with catchinents
of less than 150 ha,
{b) WASSP=OFT: for aptimum design of 3 new sewer
natwork.
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[e] WASSEP—-HYD: ahydrograph mathod for design and
analysis of non-surcharged sewer sysiems.
(d) WASSP—SIM: a simulation modal for axisting and
nowly designad sewer nitworks, to check performance
under sevare storms.
WASSP—RAT iz closaly alliod to the traditional Rational
Method in that peak discharge is given by the aguation:
O =2.78 CIA
wherne
(0 is the peak discharge {in Lisl;
C s the coefficient {soo note);
{ @5 the average rainfall intensity {inmm/h};
A is the contributing catchment area (in ha).

MNOTE. The coslijzianl € is the product of twe ather coallicienn
":N-" and Cg. Cy I the proportion ol rein (eiling on the cechment
which appears a5 suslfece run-ofl, and |s uiad in place of the previcus
sesumpt bon of 100 % run-ofl Trem paved areas. Tha routning
coafliciont, Cp. I3 8 simple meads of allowing lor surfece routeing
CIET-IE

For the more sophisticated mothods within the package

the percentage run-off {PR) is estimated using a regression
equation of the form:

PA =0.828 PIMP + 25.0 SOIL + 0078 LCWI = 20.7

where
PIMP s the percentage of the caichment coviered by
impervious surfaces draining 1o sewer inlets;
SOIL s asoil impermeability index determined from
maps provided in the Wallinglord Procedurs,
Volume 3 [7];
UCWL s o measure of sniecedent catchment wetnesi

fim mm]. It is caleulated from soil meisture
deficit and rainfall depth during the 5 days
prior to the storm event,
Erroneous results are possible at low values of percentage
run-off. & limiting condition is specified such that PR
cannot be less than 0.4 PIMP.
Above-ground flow iz routed through a nen-linear reservoir
of the farm:

i

5= ka?
and which cbeys the continuity equaltion:

1 f=a

dr
where

% is the storage on the ground surface {in m? J;

{ is the input to the reservoir {net rainfall) lin mmdhi;

@ iz the outflow {in mm/hk;

X s the storage-routeing canstant.
In practice, to simplify the procedure the program
compares the characteristics of each subeatchment toa
matrix of nine standard run-off hydrographs and equates
each subcatchment run-off to the most appropriate of the
standard profiles.
Pipe flows are calculated on the basis of tha Colebrook:
White formula and the Muskingum-Cunge methed is
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employed 1o evaluate storage-routine effects within the
sewar system. WASSP=SIM alse includes methods of
assessing pipe flow behaviour under surcharged conditions.

7.3.3 Choice of design method, The Modified Rational
Methed has the advantage that it does not require access

to a computer. To facilitate hand computation, a guida

has been published as Volume 4 of the Wallingford
Procedure [7]. The method can be used for straightforward
design on developmaents up 1o 160 ha where time of
concentration i up to 30 min and pips size up to DN 1000,
The date requirements for the Medified Rational and
Hydrograph Methods are similar, so if there is access to a
computer and the WASSP programs are available, the mare
accurate Hydrograph Method should be wsed far all but

the simplest design. The Hydrograph Method should be
used wherever WASSP—5IM is 1o be uied, to check the
level of flood protection available.

T.4 Balaneing

.41 General, The development of agricultural land for
residential or industrial wie will result in an increased rate
of rainfall rum-odf. Unless this is eontralled, itwill inereass
the rate of flow in any surface water sewer or watercourse
downstream of the development. If the increased run-off
will averload the sewer or result in flooding, it is usual 1o
prowide same {orm af balancing on the surface water
system of the new development to reduce the rate of
discharge. It will generally be convenient ta provide
balancing an the new sewerage systam, but in some
circumstances, balancing of a watercourse could be more
convenient.

Retention 1anks or balancing reservoirs are used on surface
water sewars and occasionally on combined sewer systems
to accommodate tempararily that part of the peak flow
which cannot be accommodated in the sewers downstream,
and where increased overflow 1o receiving waters is
unacceptable, The requirement to provide balancing may
be set by the authority responsible for control of rivers,
who will wish to consider the implicatians and apprave all
designs.

A proposal to provide balancing facilities should be based
on a careful economic appraisal of the eircumstances. Tha
cast of a balancing reservair (insluding the cost of land
and the sibsequent maintenance costs) should be compared
with the costs of any improvements which would otherwise
be required to existing sewers of watercourses.

T.4.2 Design criteria. The design should take account of
the following:
{al the maximurm rate of outflow acceprable to the
pollution control authority;
(b} the design storm la balancing reservoir should be
designed to deal with the run-off from & storm with a
return period as required by the polluticn control
avthorityl;
jel the dimersions of the propased balancing facility
[there may be limitations in the area available or on
the maximum depth of storage as required by the land
drainage authority).
71.4.3 Types of balancing. Balancing of flows within the
sewerage tystem can be provided by building in additional

storage in the form of an-line or aff-line tanks. For an-line
storage an over-sized length of sewer can be installed.
Within the watercourse balancing can take one of two
farms. An existing lake or pond can be used; balancing
storage will then be obtained by arranging for an increase
in water level during periods of storm. Alternativaly, an
area of land can be set aside to be flooded during time of
storm; at ather times this land can be used far recreational
or similar usa.

Careful consideration should be given to existing ground
and water levels and to the effects of any excavaticn or
banking. In particular, the safety of any existing or
proposed properties should be considered. The Reservairs
Act 1976 will apply when the amount of water to be
stored exceeds the minimum laid down in the Act.

7.4.4 Storage capacity. The required storage capacity of
storage ponds on watercourses can be obtained by plotting
the inflow hydrograph based on an apprepriate design
storm, together with an eutflow hydragraph, The volume
to be stored can then be calculated from the excoss of
inflow over outfluw, Dewiled advice is given in CIR1A
Techrnical Note Mo, 100 (9] .

The optimum size of retention tanks in sewerage systems
can be derived using WASSPF—-SIM. An appropriate sutlet
throttle is assumed which gives the required earry-on flow,
Warious tank sizes can then be 1esled undar a range of
design storms. The critical storm duration will be found ta
be between two and four times the time of concentration
of the upstream system. Storage tanks are installed mare
frequently 1o upgrade the performance of existing systemns
than as part of new systems, so Tor more detailed adviee
see the Sewerage rahabiiitation manual [1].

7.5 Soakaways

A soakaway is a pit to provide soakage and storage capacity
for run-off; its base and sides are epen-jointed to Facilitate
the percolation of water inta the surrounding subsoil. The
pit can be filled with rubble, or a roof slab can be provided.
IF rubble s used, axtra capacity should be provided 1o allow
for this.

Whan the subsoil conditions are satisfactory, soakaways can
be used to take the run-ofl from new developmaent
Individual spakaways can be provided at each gully,
downpipe, etc., or a number of drainage points can be
connected to one soakeway. Prior approval from the
authority responsibla for groundwater protection is
required before soakaways are installed and this may be
withheld in Aquifer Protection Zones, Particular attention
should be paid to the provision of all spillage interception,
in order to safeguard groundwater quality and also 1o
protect the performance of the soakaway,

In ground with low permeability, it is necessary to provide
storage capacity to retain the flows during prolonged or
heavy rainfall. A capacity equal to 12 mm of rainfall ower
the area drained should be adapted. Its effective depth is
maasured below the invert of the lowest incoming drain.
This can be achieved by the provision of one soakaway or
2 number linked at overflow level by piped 1eepage
trenches. Similar trenches can be used to provide means

of averflow from a soakaway,
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8 Hydraulic design

8.1 Routeing of flow in sewars
The flow in & sewer usually varies with time, particularly
in & storm water sewer or in a foul sewar at the diurnal
peaks, A discharge hydrograph {ie. a discharga-time record)
taken at sueh a time would show that:
(a) tha discharge rises from a base flow 1o a pesk and
then decreases to the base flow;
[B] assuming na lateral inflow, the peak discharge iz less
at successive locations along the svwer (this faature is
termed attanuation];
iz) the time for which the discharge is greater than the
base flow increases at sucorssive locations along the
SEET,
The computation of the changes in the discharge
hydrograph along the seswer i called ‘routeing’: the most
suitable mothod for rauteing flow along sewers 13 that of
Muskinguen-Cungs which is used In the Wallingford
Procadure [7] (see 7.3.2),

8.2 Aecommonded velocities in sewers

8.2.7 Self cleansing velacities, Sewers should be laid at
gradients that will produce velocities sufficient 1o prevent
permanent deposits of solids, A velocity of 0.75 m/s
aceurring sufficiently frequently is usually enough to
rmaintaln self-cieansing conditicns 1o avaid long-term
deposition al salids.

8.2.2 Maxwnum veloeities. The erosive effects of high
velocities are not a5 serious as formerly had been thought
and there i thus no need on 1his account to place an upper
limit on the velocity in a sower. Nevertheless, other
circumitances occur which need to be contidered {sea B.G).

B3 Hydraulic roughness value of sewer pipes and pressure

maing

B.3.1 Velos/ty equation. Various aguations have beon

developed in attempis 1o provide o scientilic basis for the

assessment of velocities of flow in channels and pipes.

The formulae in ute today include the following.
[a} The Colebrook-Wihite equation. This is most
commanly wsed in the design of sewers, providing an
aceurate basis of design, with experimental confirmation
over a wide range of Tlow conditions. |t is racommended
as the first choice for the design of sewers.
tbl The Manning equation and the Crimg and Bruges
aquation (Manning with a canstant coefficient). The
Manning equation iz widely usod because of its
simplicity, A special Form af this, the Crimp and Bruges
pauation, 4 akso still widely used, but incorparates a
constant hydraulic roughness value, Manning and Crimp
equations would e described as empirical.
] Mwdraulic Research Faper Mo, 4 equations, This
publication recommends use of the Colebrook-White
equation and provides tables to simplily application of
the eguation fo the range of sewar pipe sizes, gradients
and roughness commanly encountered. The equation is
presented in enqincering terms for bath pipe-full and
oper channel flow: [actors to allow its application to
nan-circular pipes are provided, Methods for evaluation
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of the composite roughnnss of surfaces of dissimilar

texture are also described,
Although the Colebrook-White equation is complox, detign
charts [10] and tables [11] are available. The exponential
equations (Manning and Crimp and Brugas) do not have
any theoretical basis and anly apply 1o 8 limited range of
conditions. They can ke used whers the flow is turbulent
and where clreumstances ragquire an algebraic analysis;
their simpler form gives them an advantage over the
Colebrook-White equation. When using exponential
equations, tho appropriate coafficient and constant have
to be selected [12].

8.3.2 Roughness of sewers |n arder to uze a velecity
equation, itls necessary to estimale the roughness of the
sawer, Whilst in theory tha roughness is related to the
height of the roughness elements of the pipe wall,

in practice it s #lso influenced by other factors; these

comprise the streighiness of the plpe, discontinuities at

the joints, free water surface at part-full flow, slime

growihs around the perimeter and sediment deposits on
the invert,

Im pipes carrying foul sewage, the roughness will be

influencad to some extent by the pipe material, but will

be primarily dependent an the slime that grows on the

pipe surface balow the water |evel corresponding to the

maximum daily discharge.
A surface water sewar is unlikely to clima to any tignilicant

extent, but It is likely to eontain deposits of grit on the

invert. The roughness will depend on these and on the pipe

material.

Recommended roughness values (&) for sewers aro givan
in table 3,

Table 3, Surface water sewars: roughness yalues l
for new, well-aligned pipes free from deposits |
Matarial lemr_nlhdﬁ J

v loes ol &

mm |
Brickwork l
Well painted 1.5 |
Concrate
Spun conrcrite pipes with "0’ ring joints | 0.15
Pracast concrote pipes without ‘0° ring | 0.30
joints or hawing rough internal finish
In situ lined concrete twnnels 0.60
Azbestos-cemeant
With Q" ring joints, long pipe sections | 0.06
Clayware {glazed or unglazed) :
With sleeve joints and ‘D' ring seals 0:03
With spigot and sockit jaints 0.06
Polymaric marterksls [GRP, PE]
unplasticired PVC)
With chemically eementad joini 0.03
With sleeve joints and "0" ring seals
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Recommended roughness (K) values for foul and combined
sewears are given in table 4.

Mote that the recommendationg given in table 4 spply to
new sewer design,

8.3.3 Aoughness of pressure mafns. Although a pressure
main carrying sewage will slime, the amount and pattern

of sliming will be different from that oceurring in a gravity
foul sewer.

8.4 Hesdlosses at manholes and bands

In addition to the energy lossas that are induced by friction
on the surface of the pipe, other losses will occur at
manholes and bends as a result of sudden changes in
velogity and in direction. These additional |osses are usually
snall in relation to the frictional losses, and are not
normally considered (see appendix E). The equation for

the energy loss is usually of the form:

K
energy loss = ——
2g

wherne
& is the energy loss coofficient;
v is the mean velocity in sewer [in m/s};

¢ isthe gravitational constant {in mis? ),

8.5 Surcharging

A surcharged sewer is one where the sewage flows under
pressure. This situation will arize when the incoming flow
is greater than the capacity of the pipa when just full, or
when the tailwater level is raised sufficiently to cause the
sewer to run full when it would normally run only part full,
The capacity of a surcharged sewer depends an the
nydraulie gradient. |f the hydraulic gradiant is steeper than
the invert gradient, the capacity will be greater than the
capacity when just lull, Surcharging is undesirable in
systems carrying foul sewage and in surface water systems
where there is a danger of flooding, However, it should be
borna in mind that {requent surcharge of defective sewars
will cause sail lows which could result in structural damage.
The ability ro simulate surcharging in sewers is contained
in the Wallingford Procedure [7].

8.6 Sawars at steep gradients

Thare is no criterian for limiting maximum sewage
valocities and consequently no technical reason to avaid
steep gradionts. In steeply sloping ground, econromies in
the cost of a sewsrage scheme might result from laying the
sawers at the pravailing ground slope. Smaller pipes can be
used, and backdrop manhales can be sliminated. Howaver,
high velocities can introduce probilems that are not narmally
encountered in the design of sewerage schemas.
Consideration should be given to the following:

[} air entrainment may produce bulking of the flow:

(b} the surface of the sewer can be damaged by

eavitation (i.e. collapse of vapour bubbles formed at

Iocal areas of low pressure):

fc] the surface can be damaged by corrosion as a result

of the ralease of hydrogen suiphide from saptic rewage

at places whare the flow iz highly turbulent, e.g. at s

hydraulic jump; !

{d) energy dissipation measures need careful

eongideration, particularly where the sewer |s

discharging into a watercourse or whare the sewer

gradient changes from steep 1o mild;

{e] special attention should be given to the safety of

operatives;

{f} energy losses at bends and manholes may be

significant;

{g} energy losses may also oceur should standing waves

form when the sewer is running part full,
NOTE. In theary a sewer llawing half full iz sreep when the
valocity exceeds 2 o/ O m/s, where D is the nominal pipe bore, and
the above phenomena will not oceur bolow This velacity, Some may
raat ba sgnilicant until 8 eonsiderably higher velocity ' resched.
As 3 general guide [7] the engineer should examine the
design to check whether any of the dspects listed abave
need to be taken into account, whenever the velocity when
the pipe is flowing hall full {in m/s) i3 greater than or equal
to twice the square root of the nominal pipe bore
{in metres).

Table 4. Aecommended roughness values for pipe and
brick foul and combined sewears

Peak DWF velocity between 0,76 mis and 1.0m/fs | 1.6
Brick sewers
Peak DWF velocity typically exceeds 1,5 m/s 1.5
Peak DWF velocity typically exceeds 1.0 m/s 3.0

Meterial P pcommand ed
values of K
mim

Fioe sewers

Paak DWF® weloeity typically oxceeds 1.5 mifs 0.3

Peak DWF velocity typically excends 1.0 mis 0.6

* Poak OWF = Dry weather llow dlurnsl maximum =2 X OGWF
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B.7 Siorm sowegs averllows
The number of averflows in a sewerage systermn should be
kept ta a minimum commensurate with limiting the sizes
af the tewers downstream, Overflows should not normally
be instilled on sewers less than DN BOO.
For new sewors, the overflow setting should genarally be
according 1o the formula [13] :

O=D0DWF + 1360 P + 2F

whera
(9] is the flow retained in the sewer sysiem
{in Lidayl;
OWE it the diy weather [low draining to the overflow

lin Liday};

P it 1he population served by the sewers upstraam;

E is the average tradli affluent flow (in Liday],
Varlations in tha types of prodominant trade affluents
may warrant adjustmants to this formula,
Consideration has to be given to the capability of the
raceiving stream to take the environmental impact of
the overllow discharge. For small streams the constant
1960 may need to be significantly increased. Similar
incraates far the constant 2 will be required for abnormal
discharges of trade effluent, The relevant river pallution
autherity may have guidelines regarding minimum dilution
raling which should be followed and their advice should be
saught in all eates where the overflow discharge is likely ta
fmake up more than 20 % of the receiving stream flow.
Tha hydraulic parformance of ovarflows can be groatly
improved by the provision of downstream storage in,
lar example, a length of tank sewer, The benefits of such
pravision can be testod wusing the WASSP—SIM program.
The design of tank sewers will be covered in mare datail
inBS B005: Part 5°.
Irn the design of an overflow, steps should be taken to
reduce to & minimum the discharge of Hioating solids to
the receiving watars. Scumbeards offer anly a partial
solution and where amenity considerations ore important
rakad socreens may be required. Again the river pbllution
authority 's advice needs to be sought,

B0 Beckdrop and ramp manholes

Where a sewer connects with another at a materially lower
level, & backdrap e ramp menhaole may ba constructed to
drop the higher incoming flow to the level of the lewer
wwir and a common outlet [sen 11.2.6).

The choice between constructing a backdrop manhale ar
laying a sewer morg steeply should be decided on econemic
qrounds,

8.9 loverted siphons

Inverted siphons posa @ potential maintenance problem and
whanever there is a practical alternative, sewerage designs
shauld te arranged to avaid them. They are necessary,
howevar, on occasions to carry sewaga llows undei

abstructions tueh as rivers, canals, major roads and railways.

Because there is narmally moee grit in suspansion {and an
the invert] in 2 combined or partially separate tysiem tharn

* |n geeparation,
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in a separste foul systemn, to achiove sell-cleanting
conditions the design of siphons on these sewars i maora
critical than far siphans on separata foul systams, Tha
siphon arrangement should be such as to minimize
vperational and maintensnce difficultizs arising from silting.
Wherever possible, sll siphons should ba designed o a3 to
ba self-clennsing evan during the lowest rele of How, Wheee
walocitios in a siphan will be inadequats, some maans of
flushing will be nacessary, On small siphaons, this can
sometimes be arranged by providing a penstock upstream
of the siphon so that the sawage flow may be tomporarily
held back and suddenly raleased. The resulting flush may
ba sufficiont 1o scour tha siphon. Advanitags may Le taken
of any other means of flushing availabla locally.

The layout should allow any siphen to be isolated far
cleaning purposes, This can be arranged by providing
panstocks or stop-boards &t the inlet and outler, Accoss far
ramoving silt iz essential. Shart siphons are ofien bast
arranged with ricing pipelines from a low inlet chamber
where sadiment will eallect. This chamber is part of the
siphon and has to be isolated together with the siphan
pipaline,

On langer siphons, an independent washout chamber
draining fram the lowest paint in the sighon systermn may
be wsed 1o collect deposited material, On large dismeter
siphons, it is often conveniant o enable the suction of o
portable pump to be connected to this draw-off, and 10
connect the pump delivery 1o the dravw-off vaive g one
of the other pipes, to that the sontents of one pipe can

po pumped directly into another.

Where access is desirable, hatch-boxes should be provided
on the pipes for rodding, ete.

Ir the multiple-pipe siphon, the fore-bay should be so
designed that the various pipes come into action succass
iwaly, This can be arranged by the provision of a number
af weirs which come into eperation in succession 33 the
ow rises, In this way, the haavy 1olids moving along the
invert would be directed into the pipe which remains in
eontinuous operation. The cutlet end of 3 multiple-pipe
siphon should be designed so that reverse eddies cannot
carry solids back into the pipes which are notin use.

CIn most separate sawerage systems, two-pipe siphont will
usually suffice, the first one 1aking up ta this quantity
which would give 3 self-cleansing velocity, and the secand
taking the remainder of the flowe. This should enwure that
the first pipe is self-fhushing when the flow is near its daily
PR P

On larger sewers, three or mare pipes will sometimnas
achieve better results, the flow beipg divided between tham
on the same principle 33 far a twao:pipe siphon with all
pipes designed to be self-cleansing.

8.10 Sewage rotentlon tanks
Retention tanks shauld not be used on separate foul
sowrage Tysinme, axcept:
{a) at pumping stations whare the sump s wsed to retain
sewage flows to suit pump switchingarrangemeants; and
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(b} at the inlet to =mall sewage works whers large
fluctuations in flow may impaic the treatmont process
oparations,
The inclusion of a retention tank in tha sewerage system
(see also B.7) may cause sewers (o surcharge whan tha
tanks are in use and this has to be taken into account in
the hydraulic design to ensure that fooding s aveided.

8.1

8.11.1 Venrtilation arrangernents. Sewars should be
ventilated 1o release sewar gases. Unventilated sewars moy
give rise to air locks or the emptying of domestle siphan
traps whean the sewers are running full

In recantly developed urban areas, sewers will normally be
adequately ventilated through the domestic waste pipe
stacks and the houso connections ta the sewar, Exeoptions
1o this are likely if unventilated stub-stacks are wzed in
domastic plumbing in single storoy development or whers
all sanitary facilities are on the ground floor. Older
proparties are usually equipped with external waste traps,
thus praviding no sewer ventilation ™. It is not narmally
necessary 1o provide forced sewer ventilation systems in
the UK,

Ventilator covers are notl normally advised in urban areas,
but may be needed on main sewers where rider sewers are
usod,

Ventilation columns are required in urbam areas where
house connections are unventilated, They are also required
on deap trunk sewers whare house connections discharge
to a paraliel loeal eollection sewer. |n rural areas, the
lengths between house eonnections may ba ventilated by
open manhole covers, provided these are located mare than
20 m from inhabited propertias: where the sewers run at
the edge of the road, open covers are not advisabls and
ventilation columns may be required.

Sewers should generally be ventilated as follows:

{al at the head manholos in 8 grovity sewer tystem,

{b} at about every 500 m;

[&} at pumping stations;

[d} at manholes where pumping mains discharge.
Columns should rise to at least 5300 mm abave the top of
the highest apening window and should ba 3t lsast 3 m
away horizontally and preferably much more, The top of
tach column should be equipped with a wire cage.

Miscellanaous

8.11.2 Sewer flushing. Wherever possible, sewers should be
designed 1o achieve self-cleansing conditions. Frequemt
sinwltt Cleaning may be necessary on Tlat sewers whera the
gradient is insufficient to achieve self-cleansing velocities.
Portable high pressure jetting equfpment is found to be
more cenvenient than flushing and bettor able to lift
deposited grit {see 17.3.1).

8.11.3 Flow recording eguipment. The need for permanent
flow recording in @ seworage systerm depends on the
monitaring practice of the sewerage authority. Trade

effluents may need to be moasured and recorded far
charging purposes; tha meter should be placed on the drain
at the premises.

Provision for tempaorary flow recarding apparatus, flow
sampling and direct analysis equipment should be
considered at strategic points in new SEWETFIQE tystems to
provide the designar with flow data far engineering similar
systems in the future. (See also 16.6.)

9 Foul and combined sewerage

8.1 Water consumption statistics

Existing water supply ctatistics [see 4.2,2) should be used
te derive futurs water supply consumption and hence
sewage flows. They will be invaluable in deriving flow
patterns for daily consumption and jndieating anticipated
variations between differant types of development. Figures
{or consumer wastage and distribution leakage are of
particular impaortance in assessing sewage flows from such
statistics. The overall capacity of the existing water supply
syiiem, together with projected additions, should bae
correlated with the capacity of planned sewerage schemes.
Private woter supplies obtained from borehales, rivers, ste.
that are likely to contribute to the sewerage systems
should aiso be investigated,

9.2 Dasign flows: foul sewers

For foul sewers flow rates are usually based on either
population and a rate of flow per head or, for pew
davalopments where such data may nat be available,

on the numbar of dwellings. For a new development

the estimates used should be appropriate for a 30 year
planning harizon.

For an upgrading scheme on an existing development, —,
the witimate foresecable develepment of the sub-catehment
ared may be usod {son 4.2.1],

Tha rate of flow per head may be based on local water
supply statistics allowing for distribution losses and
consumption that does not result in discharge to the sewers,
Typical discharge figures for similar developments ta thase
under eoniideration may alsa be used, in the absence of
such data a figure of 220 L (based on 200 L plus 10 %
infiltration] (3] may be sssumed which multiplied by the
population gives the average flow or dry weathars flow
[DWF). !

Foul sewars are frequently dasigned to carry 4 1o 6 x DWF,
the larger figure relating ta sub-catchmeants and the smaller
to the trunk sewers, This takes account of diurnal peaks
and tha daily and seasonal fluctuations in water
consumption, together with an allowance for extraneous
flows such as infiltration. A figure of 4000 L per dwelling
has been recommended for new development as an
approximation to 6 x DWF [3].

* Bui djrug Aeguistions now do not recommend 1he use of exiernal traps, but until about 1960 thesa weaore required under many building

byelava.
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Whare a schome is 1o ba devolopad in phates, consideration
shauld ba given to the likely flows following the initial
stages of construction so that sell-cleaneing velocities ara
attained at times of poak flow sach day {see 6.5.3),

Flow rates calculated from the DWF should not be used

to design sawars that serve individual or small groups of
huildings whare flushes from Individual applisnces will give
relativaly high (lows of an intermittent and irregular nature,
Ir such ciccumstances the likely peak rate of flow should
e derived from the probabifity study on the numbar and
type of applisnces connacted (sea B5 8301).

8.3 Daign flows: combined and partially separate sewers
Far combined and partially separate sewers, the dasign flow
rate is mnade up of the starm flow, which is by far the
predaminant companent, plug an allowance tor foul sewage
tlows, Tha storm (low componant should therefore ba
astimated using the methods cutlined in clause 7. The foul
sewage DWF is estimated as described in 8.2 and capacity
allowad for 2.5 » DWF or 1500 L per dwelling unit [3] .

As the foul sewage flows will ba very much less than the
dasign flaw rates, particular consideration should ba given
o self-cleansing velocities during dry westher conditions
{epe B.5.3)

8.4 Storm sewer overflows

Tha purpose of storm sewage averflows i3 to limit the
quantity of storm sewage carried to sewage treatment
works and 1o sllow the discharge of diluted sewage to
whatercourses without causing undue pollution 1o the
receiving witer (see 8.7),

Owverflows should only be instlled on combined or
partially separate seweraga where the flow in wat weather
may greatly exceed the maximum foul sewaga flows.
They should nat be installed on separate foul sewerage
which should ba designed to secommadate all foul sewage
flows.

Each ovarliow should be located near a sultable watsrcourse
to which tha excoss flows can be discharged.

The annually exceeded leval in the receiving water should
pe below the weir level af the overflow to enable the
owerflow to operste and to avoid risks of the raceiving
waters discharging back into the sewars, To protect the
system against larger Tloods, stop valves may be reguired,
The recaiving water should provide sufficient dilution to
excess siwage flows 1n wet weather as required by the
pollution cantral authority, The siting of overflow outlets
should be chosen with regard 10 the effects of ococasional
palluted discharges, Particular consideration should be
piven to overllows from sewage pumping stations which
will come into operation In tha event of a failure of the
pumping equipment.

Storm 1ewange overflows should only be considered where
there is an averriding economic justification snd the
eonsequences of such discharges will not be prejudicial to
the achievement ang maintenance of the guality of the
receiving waters, taking into sccount the needs ol existing
and potential uses of that water, The siting of any s1arm
averllow should be determined after a proper appraisal of

BS 8005:Fart 1: 1987
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thase factors. A decision will have to be taken as to the
frequency of storms and the rainfall intenunity (o be caterad
for, the provision and typo of storm overflows and any of
the consequent poliution problems weighed against tha
incroased costs of larger dismeter sewers [13] . All availabile
information should be ebtained regarding levels, depth of
water, guantity and valocity of flow, liability to llooding,
purpose for which the water is uied, it guality and any
local conditions which might atfect or be alfocted by a
storm overflow, such ss water supply Intakes, ernamental
watars, lisheries, ete. In the cass of discharge to tidal
waters, full aceount should be taken of tidal currants.

The pollution contral authority should be consulted early
with regard to the discharge of storm sewage from the
seweerage system and any special satting of storm overflows
required by that suthority (see also BS 8005 : Part Q);

the authority should be able to provids records of stream
flows and other factors in suppert of their requiremants.
Storm davwagn aver{lows shoiuld ot be sited near to place
whare the public have secess to the banks of a stream.

In grder to avold purhplng; storm overflows should
wherever poisible be |ocated at points in the systom whaere
@ gravitational fall is aveilabla through the storm overllow
pipe to the selected point of discharge, without fear of
drowning the averflow walr at times when the water in the
receiving river, stréam, or surface water sewer {5 at its
maximum flood or tidal level. If necessary, the gverflow
can ba located at some considersble distanee from tha
point of discharge,

When retention tanks are usad they should be interposed
adjacent to an existing starm sewage overflow so that,
during perieds of storm, the heaviest polluting matter is
discharged to the tank via a low leval weir. Ths normal
avarlow weir discharging to the watercourse should be
retained in arder to relieve the system of any axces storm
sewage flows. These tanks can be antirely underground.
When a treatmont tank is provided, it should be sited on
tho discharge pipe fram the storm sewage overflow.

HNOTE, These 1anks have o stoisge lunethon jn reLaining sorm
wewane which is fater returned Lo the iewer when the smeer How
wubsides. Under these eircumstances, the starm sowage ic rofurned
17 thae systam for treatment and there it na digcharge to the
watercaurse, Larger storm ews will Ul the tanks and cause

cvar llow Lo thie watereeuran put the sigrm sewospe diicharged will
havae raceived some trestrnent by settlament.

9.5 Trade affluants
Tha rates of fiow of trade effluent depend upon the
industry and the process from which it emanates, and no
genaral rules on quantities of flew can be leid down.
Tho forecasting of future flow ratés of trade effluant
during the life of tha sewerage systom is often ditficult.
It is dependent, among other things, upan the poelicy of
the sewerage suthority. Problems con be minimized by
the 1ollowing measures,
{2} Tha cecupiers of premises should ensure that the
processes which they sdopt will reduce, a3 lar as
possible, the total quantity of waste-water preduced,
{b} At much as possible af this total flow should be
returned to the premises Tor re-use,

X
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(e] The remaining waste-water should be discharged to

the sower at a steady rate rather 1than as a surge.

ld) The outflow from a factory should preferably take

place anly during low How poriods in the sewerage

system (eog. at night), Whers apprapriate this will ba

covered by any consent agreements 1o discharge,

{e} Consideration should be given to the possibility of

high temperature in effluents and their effect an the

corrosivity of pips materials (see table 1),
Typical figures prepared by the Water Authorities
Association Water Council Watar Information Centre relate
waste discharges from particular industries to produci
output and/or to the number of workers employed. When
reviewing the discharges from a large number of small
industries, the approach should be based on the number of
workers, This has obvious practical advantages, bearing in
mind the degree of uncertainty about the type of industry.
Medium and large industries should be reviewed individually,
noting the methods of working as well as the average daily
waler consumplions. Continuous ProCeises Or processcs
where three shift working is adopted, usually give rise Lo
sector inevitably produce uncertain trade effluent discharge
whereas batch processes, single shift werking, and
intermittent cleansings and [lushings {possible secondary
to the principal process) can give rise to peak discharges
many times greater than average. Acs s consequence of the
emptying down of tanks, or the storage capacity provided
within tha establishmants, the instantaneous discharpes
may sometimes greatly excead the maximum rate of supply.
The unknowns inherent in planning for the industrial
sectar inevitably produce uncertain trade effiuent discharge
predictions. In the atsence of Hrm development plans,
sewer capacities shauld be provided which allow for present
discharges 1o ba incressed in propartian to the spars
production capacity existing within the factory or possible
expansion on a site,
When planning lar future industrial developrmert in which
the types of industry are unknown, some authorities
require designs based on a domestic element of 0.6 Lfs-ha
for am average DWF, plus a trade slement. The peak flow
for the latter is {requently taken as 2 L/s-ha for normal
industries and 4 L/s-ha for wet industries or for small sites,
Tha contral of trade effluant dischorge: 12 referred to in
BS B006 : Part Q.

9.6 Pumped discharge
Where a sewer receives & pumped discharge it should be
capable of receiving the owtput from all the pumps in the
station discharging together a1 the total head that would
apply if the wet well were filled to ground level, This
excessive flow is one that can ocour either:
[a) upoh power supply after a mains foilure; or
{b) after repairs to the station if the attendant should
inadvertently switch on all pumps whilst the wot well
is full,
This is genecally a problem with pumps that have a steep
characteristic curve, as is normal with submersible type
pumps.

10 Structural design

10.1 General

The computed load method based on the wark of Marston,
Spangler and others should normally be used for all
sewerage design. To provide against the efects of
iettlemnent and foil movement, sewars should Be provided
with flexible joints. Ses "A quide 1o design |eadings for
buried rigid pipes’ [14]).

Sewers laid within highways should have 3 minimum caver
of 1.2 m in order to avoid interference with ather
underground utility pipes and cables. The beddings of
pipelines with 1.0 m ar less of cover require precautions 1o
ba taken besides those needed to resist the loads aeting
upan them, Otherwise sewers should not be laid at such a
depth a& to foul tha line of any land drains, and at no point
should they be so shallow as to interfere with cultivation,
Cover ovar the highest part of the pipeline structura of

0.8 m will normally satisfy this,

10.2 Design method for rigid pipes

The degign invelves the computation of the total effective
external load on the pipe caused by the worst combination
af fill load and surface loads likely to be imposed
simultaneausly on any particular length of sewer, and the
selection of o rigid pipe having a crushing test atrength
which, together with the class of bedding to ba used, will
provide sufficient supporting strength to carry the
maximum load with an adequate lactor of salery.
Simplified tables and design charts have been published
[18], which indicate certain standard methods of
consiruction.

Various standardized methods of bedding are used, ard it
it recormmendad that the bedding lactors set out In figures
1 and 2 shiould normally be adopted. Allowance should be
made for any specific requirements contained in national
speciflications or those of the sutherity under whoze
jurisdiction the work falls.

10.3 Factor of safety method

This method uses a factor of safety which differs from
usual practice in that it is applied not to the calculated
loads based on the properties of the soils to be encounterad,
but to predicted loads derived from experimental work.
Further, the value of ground support utilized in the design
method may ba less than that which occurs in practice.
Where the calevlation of supporting strength is based on
the crushing strength specified in the relevant British
Standard for pipes of the various materials and where the
maintenance of this strengih is supported during
manulaciure by a properly controlled quality assurance
system, it is recommended that a factor of safety of 1.25
minimum should be applied to the calculated design load.

For concrete pipes, BS 8911 : Part 1 specifies maximum
warks Lest loads and in addition, for reinforced concrete
pipes proafl works test loads of 80 % of the maximum; in
calculation a factor of safety of 1.25 for maximum or 1.0
for proof should be used. The uie of factors of safety
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should not be regarded as a substitute for the maintenance
of proper site eontral and supervision, On the other hand,
hidden satety factors should not be included, without
proper reference to tham.

10.4 Design mathod for box culvarts

Hox culvarts are required 1o withstand the worst
combination of the effects of fill and surcharge loads.
They are individually designed to the requircments of the
relovant highway, rail or water autharity and are not
manufactured 1o standard class strongths as in the case of
pipas. Surcharge loading wecificatian is to BS 5400 Part 2
and structure doesign o either BS 8110 o BS 5400 : Port A,

10.5 Qesign methad for (oxilils pipe:
Unplasticized PVC, PE and other thermoplastics pipes,
thin-walled steel pipes and GAP pipes are commonly
ocourring examples of Hexible pipes. Flaxible pipos
support loads by soil /pipe interaction, and se the
surraunding fill is an essential part of the support structure
and proper regard should be paid 1o its selection, placing
and compaction.
Pipes up 10 about DM GO0 are usually laid according 1o
ermpirical rules, The wall thicknasses in the British
Srandareds tor such pipes for use Tor underground non-
prassure applications are chosen on the basis of experience
with the assumption that pipes will be installed 5o as ta
limit the amount of ovality that will develop in sarvico to a
fusually] 5 % decrease in vertical diameter. For concrete-
lined sieel pipes o limit of 2 % is desirable. Care thould be
taken to obeerve any usage limitations (e.g. temparature]
sal out in the relevant British Standard,
Since the consistent control of compaction of soil around
pipes, particularly in the smaller sizes, is not easy to ensure,
it is preferable ta employ a granular surrcund of material
requiring the minimum of tamping to achieve a satisfactory
density [se2 6.5 and figures 1 and 24,
Care is needed to identify situstions where the pipes may
be subjected to considerable axternal hydrostatic head
and/or internal vacuum (greater than 6.0 m head] or where
the soil may be rendered unstabile by water, since the
lateral suppart afforded to the selected surround material
by the adjacent soil may then be inadeguate, In cases of
doulst, pipes should be used having a wall thickness
{stiffness) capable of resisting the long-term extarnal
hydrostatic pressure without buckling in the absence of
soil restraint,
Computed load dasign methods may also be employed
particularly for pipes over about DN 600, These mathods
are directed towards the following:

{a) the determination of the maximum external loading;

and

(3] the selection of a suitable pipe wall thickness

(stilfnass).
The latter, taken in eonjunclion with a specified degree of
compaction of the surrounding bedding and adjacont sail
material, should maintain the degres of pipa defarmatian
within preseribed limits without risk of wall buckling or
al eausing unsafe straing in the pipe wall,
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Ductile iron pipes are flexible and sre commonly used far
pumping mains and in cases where extra strength iz
required. This may be 1o resist high external loads, sech
trafiic loads, where there 5 no altéernative but to place the
sewwer near 1o the road surface, or when full vacuum
conditions may exist,

There ara publications that summarize the resilis ol work
on flexible pipo design and the conclusions Lo b drawn
from it |16, 17, 18, 18] . Sce also BS 5956 : Part 6
regarding the use underground of thermoplastics pipes.

10.6 Particular cases

10.6.1 Sawwrs passing below and through strectiures, The
routeing of sewers below or through a building or structure
should ba avoided wheraver possible but if not it is essential
1o allow for tho effects of differential settlement.

Thae walis of manheoles and other structures generadly will
ba subject to settlement differing from that of the pipa.
Diffarential settlement can be accommodated by means of
flexible joints. The risk of shear fractures is considerably
reduead by the provision of a flexible jeint, located as close
to the face of the structure as is feasible, compatible with
the setisfactory completion and subsegquent moverment of
the jeint. il

Ir cases where differential setilement is expected, the
length of the next pipe {rocker pipel sway from the
structure shawld ba kept short, The length of rocker pipa
should be approximately 0.5 m 16 0.75 m for pipes up ta
OM 450 and 1 m for pipes up to DY 750,

Where considerabie differential seitlement is expected,
sevaral rocker pipes showld be laid and the desigred
gradient may naed ta be increased locally 10 25 1o reduce
the likalihaod of a backfall developing.

Where it it not nacassary for the pipe to be buklt into the
structure the effects of differential movement may be
overcome by the use of a lintel, relieving arch or sleove in
the structure, leaving a gap of not less than 50 mm arpund
tha pipe. The gap should bo cffectively sealed 1o prevent
the entry of gas, gravel or rodents. This is particularly
ralevant when working on reclaimed land, Particular care
should be taken te identify and fill any abandoned sewars,
dralns ar conduits befere building work is commenced
[20]. The designer should take due note of the proximity
ol other underground services,

10.6.2 Two sewers in one trench, Whare twa sewers are

laid at different lavels in the same trench the bedding
matarial should ba well compacted aver the full trench
width above the lower pipe 10 provide a stable bed for the
upper pipe. Side fills of the uppes pipe should also be well
compacted to ensure ull and continuing support undar the
haunches [14]. ;

10.6.3 Sawers on piles, piers or walls, Whare there 15 no
alternative 1o laying sewers on beams supported sither on
piles, piers or walls the loads will be considerably higher
thea usual due to subsequent dilferential settierment of the
fill. It will uswally be necessary to support pipes with
reinforced concrete bedding or surrcund designed as 3
beam to earry Lhe sum of the highest possible loads over
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the spans botween supports, A flattop T-beam should not
ba used without the addition of pipe bedding.

I differential settlement of the supports is possible,
flexible joints in the sewer, extending through all concrete
work, should be formed over the edges of each support.

10.6.4 Mining subsidence. Undormined graund is displaced
downwards and simultaneously inwards towards the centre
af the subsided area. The damage caused by ground
moverment depends partly on the vertical comporent of
displacement and partly on the horizontal compaonent.

The vertical componant, resulting in lowering of the
ground, cnuses differential sulsidence gr I 1t effect on
sewitrs may be to increasa or decrease 1their gradients by
up 1o 1in 50 in extreme cases, A more typical change of
gradient might be about 1 in 400,

The harizontal eamponent resulting in change of |EI‘|1}[|'I
[steain) accounts for most of the damage to sewers. Such
strain may amaount 1a 0.8 % or 1% in exceptionsl cases
over shallow warkings, but is commanly 0.25 % or less.

It may bo comprestive or tenzile, The intentity of ground
strain waries from point to point and may range from zero
through maxima of compression and tenzicn and back to
zera in anly a hundred metres. The amounts of strain
likely to ocewr at various poirts on a given site can
mevaribeless be predicted with reasonable accuracy.

Every site needs to ba considered separately and for advice
on the procautionary measures 1o be adopted, i1 i advizable
to consult the Area Surveyor of British Coal in 1he case of
coal mining, and the company respansible in the case of
other minerals,

Government departments and local authorities can obtain
advice from the mineral valuers of the Inland Reveriue.

11 Manholes

11.1 Genersl

11.1.1 Structural design of manhofes. Manholes and other
aipeline structures should be designed to carry the worst
combination of superimposed and ground loading.
Foundations should be designed to carry all the imposed
loads, The chamber walls and base should be designed 1o
take into account also any lateral loading andfor
hydrostatic upthrust,

11.1.2 Spacing of manhales on sewars nat more than 1.0 m
in diamerer, As smaller sewers cannot casily be entered for
cleaning or inspection a manhole should be built at every
change of alignmant or gradient, at the head aof all sewers

or branches, at every junction of two or more sewers, and
wherever there is a change in size of sewer, In exceptional
difficulties in routeing, to aseommadate angles less than

157 & slow bend may be sited on the sewer immediately
upstream of a manhola, Manholes should not be positioned
further apart than 100 m, beyond which it is not practicabla
ta use drain rods or some form of pipe scraper. However,
where high pressure jetting equipment is used for
maintenance, and other circumstances are favourable, this
maximum can be increased to 150 m or 180 m,

11.1.3 Spacing of manholes on savers mors than 1.0 m
in diamerer. Whore a man can enter a sower for inspection
it is not necessary to have a manhols at every changs in
alignment, Where the sewar is curved in plan the manhale
should preferably be located in such a manner that visual
inspection of the sewer s possible batween manholes, even
if this leads to a manhole being built on the curved sewer,
Manholes should be placed at evary significant change in
gradient or sice of the sewer, and at major Junetions.
The zpacing of manholes on large sewers should be
governed Ly the fallowing:
{al the distance which silt or other ¢hstruction may
have to be conveyed along the sewer to the nearest
manhale for remowval;
(b the distance which materials for repairs can be
conveyed through the sewer:
[z] ventilation requirements for men working in the
EBWET. y
In general a spacing of 180 m to 200 m on straight mns is
a suitable figure, although on sewers of 1.8 m diameter and
aver, laid in heading or tunnel, this could be increased o
distances up 1o 300 m. Due consideration showld always be
given to ventilation and the salety of men working in the
sewer,
The use of breathing apparatus may be necessary in any
sower and the warking range of bresthing apparatus should
be taken into account, When breathing apparatus is
necessary for access into a sewer, manhole spacings over
200 m are undesirable.

11.2 Types of manhole

11.2.1 Genaral. At a change in diameter of sewers, and
where eonditions permit, the sollits or crowns of the twa
sewers should be at the same level,

11.2.2 Straight-through manfiofes. The simplest type of
manhole is that built on a straight run of sewer with no
sida junctions,

11.2.31 Junction manholes. A manhole should be built at
every junction of two or more sewers, and the curved
portigns of the inverts of tributary sewers should be,
wherever possible, within the manhola. To achieve this
with the bost economy of space, the chambar may be built
either rectangular or circular. To avoid surcharging of a
connecting sewer, its soffit should be at the same level as
that of tha main sewer, wherever conditions permit.
Howeevar, this may restrict the gradient of the connecting
sewer and prove fo be uneconomical. The How from branch
connections should merge with the main fiow at the
smallest angle practicable. To achieve this, bends may be
NECESLAry.

11.2.4 Side-erirrance mathods, In large sewers, or whars
owing to the existing services, gas, water, etc., it is difficult
to obtain direet vertical acecess to tha sewar fram ground
level, the pceess shaft should be constructed in the nearest
convenient position off the line of the eewer, and
connected to the manhole chamber by a lateral passage.
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In tunnellad sewears the shaft and lateral passage may be
used as a working shaflt, the tunnel baing broken out from
the end of the heading; alternatively the shaft and passage
may be constructed aftar the main tunnal is complote,
provision having besn made in the tunnel lining lor
roaking-in from the sccoss passage,

Tha loor of the side-entrance passage should fall at about
1 in 30 tawards the sewer and should enter the chamber
mot lower than the soffit level of the sewer. In large sewers
whare the floor of the side-antrance passago is abova tho
soffit, sither steps ar a lackler should be provided to reach
the banching. A removable handrall or salety chains should
be provided for the protection of the user,

11.2.5 ODeep manfioler. Deap manholes should be provided
with rest chambers, or platforms not more than 8 m apart
vertically. Access openings in successive landings should
preferably be staggerad to limit the height of an accidental
fall from the accast ladder but separate openings should be
provided, suitably protected by trap doors directly below
each othar {or the movemnent of materials and tools.

The landings and platforms and accoss openings should be
of adequate size to accommaodato at least two man with
safery harmess: and 1o minimize the risk of falling they
should be provided with handrails where possible.

11.2.6 Backdrop manholes

11.2.6.1 Gereral Where a sewer connects with another
sewer at d significantly lower jevel, a3 manhole may be built
an the lower sewer ingorporating a vertical or nearly
vertical drop pipe from the higher sewer 10 the |ower one.
This pipe may be autside the chambaer and encased in
concrete, of supparted ingide the chamber, which should
i suitably enlarged. Access should be provided 1o the
higher sewer and to the vertical drop pipe for men to
inspect and to maintain the sewer. |f the drop pipe is
putside, a continuation of the sewer should be built through
the chamber wall and the vertical drop pipe continued

wp {0 an access covar at ground level, and encased in
concrete. I the drop pipe is inside, it should have adequato
and aceessible means for rodding. The diameter of the
backdrop should be mare than sufficient to discharge the
maximum flow from the incoming pipe.

11.2.6.2 Small sewers {abowt DN 300 or fess). The
backdrap an small sewers pipe shauld terminate at its
lower end with a plain or rest bend turned so as 1o
discharga its Hlow at 45° er legs te the direction of the flow
in the main sawer. An external pipe should be surrounded
with 150 mm of concrete,

Whera tho differenca in level is less than 1.8 m a ramp is
often preferable; a rodding eye should be provided as for
a backdrop,

Backdrop manholes may be avoided by constructing the
sewer between two manhiolos at the steepest gradient
compalible with laying and bedding of the pipes.

11.2.6.3 Larger sewers and deep drops. Backdrops on
larger sewers should incarporate same form of water
cushion 1o dissipate energy. A method of doing this is to
discharge balow the water level into a stilling bay of
adequate capacity contralled by a weir.
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In the case of sewers over 450 mm in diamater the drop in

lavel may be accomplished by ene of the following metheds.
{a] A remp. A ramp formed by gradually increasing the
grade of the last length of the upper sewer to about 45",
or by constructing a similarly graded channel or culvert
leading from the high level ta tha low level sewer. A
water cushion at the foot of the ramp iz desirabla.
{b] A cascade. A cascade (s steap ramp compoind of
steps) over which the flow is broken up. & pipe
connecting over the tweo levels is olien concreted-in
under the steps to allow small flows to pass without
trickling over ihe steps,

In cascades and ramps, adequate headroom, steps, handrails

and chains should be provided for the safety ol oporatives.

11.2.6.4 Vaortex backdrops, For high volume {lows,
vortex backdrops can ba useful but the design is complex
and specialized. The Inlet to the drop shaft takes the form
ol a vortex chamber. Spin it imparted in the stream
entering the chamber, &nd o rotational eddy 1s set up,
Tha design requires that there be a continuous gir core
down the drop shafe

The establishment af the gecmetrical properties of the
throats and lips of the wortices is thus an essential part of
the calculations for this type of backdrop manhale, The
vortox chamber requires very precise dasign and
construction; the noise which can stem from a vortex
needs to be considered, particularly in built up areas.

11.2.7 Hydrogen sulphide in manholes. Hydregen sulphide
will be released from sewage at points af high turbulence,
¢.g. bockdrops. Adequate ventilation should be provided
and the materials of construction chosen with care,

11.2.8 Dwal and crossing mantoles Where surface-waler
and foul sawers are faid in the same trench, the surface-
water sewar is often laid at a higher level than the foul
sewer, A manhole can be built to give eccess to botl sewers
by normal construction on the foul sewer, the surface-water
boaing earried through tho chamber in a pipa. The same type
ef construction can be used for two independent rewers
which cross each other at an angle. A bolted inspection
covir should be provided on the higher pipe.

11.2.9 Carchplts. Catchpit are chambers on surface water
sewers installed to retain silt and constructed as manholes
but without benchings. A floar level below the lowest pipe
invert is used to form a sump, which will require periodic
cleaning.

11.2.10 Larmpholes Lampholas are neaded only in
exceptional circumstances whara larger access is
impracticable. if they are necessary thoy should ba
consiructed with a vertical pipe, usually DN 225, from the
sewer to ground level, The cover and frame should be
bedded on a concrete slab arranged for example by use of
sleeving, so that tralfic loads on the cover are not
transmitted to tha vertical pipe and Yhus avoid the risk af
the shaft being pushed into the sewer.
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11.3 Detailod design of manhaolas

11.3.1 Genera). Where practicable, tha invert should ba of
the same material as the sewar, Whaore this iz not
practicable, preformed channels of other materials or
concrate with a granolithic finish may ba uted, Pipes
should be built into manholes as construction procaecds.
The benching should risa vertically from the springing to
at lwast the height of the soffit of the sewer, where it should
turn over with a nosing of about 25 mm radius and rise at
a gradient of about 1 in 30 to the water of the chambaer.
in shallow manhgles it may be desirable 1o decrease the
loval of the benching (o net less than hall pipe height in
arder 10 give more adequate headroom, For pipes up to
DN 450, benchings should be pravided on each side of the
TEWET.

Al manhbales on sowaers of DN 600 diamater and over
should be provided with a safoty chain or bar for placing
acrass the mouth af the outgaing tewer when men are at
work, Handrails shiould be provided on the vdges of
benchings, and at platforms, ete., from which a man might
fall into the sewer,

It a manhaole 15 10 agricultural land, the chambar walls

lin shallow manholes) ar shaft walls (in deep manholes)
shiould, if potsible, e built up o about 0.6 m dbowve
ndtural graund surface and mounded an all sides with
garth, Alternatively, the chamber may be coverod with a
cancrete stab, the top of which should be at least 600 mm
belaw ground leval,

The burying of manhole covers should be avaided if
possible, especially at changes of direction, For buried
covers, careful reference measuremenis need to be made
1o samme fixed points to enable them to be located quickly
and accurately. They should be sited, if possible, near to
hedges or other boundaries of fields.

Below the groundwater table special precautions should
be taken to minimize infiltration, especially where a
concrete surround is mot otharwise required.

11.3.2 Sires of manhales

11.3.2.1 Sires of chamber for shallow manhaler

(e, without @ ghaftl, The minimum size af chambar in
which a man can waork elficiently and salely is 1.2 m on
the line of the sewer and 0.75 m across, and for eircular
chambers 1.05 m diameter. For practical purposes the size
af mazonty rectanguiar chambers should be increased to
avoid the undue cutting of bricks.

For very shallow manhales an sewers of et than DN 500
where thara is less than 1.0 m headroom above the
benching, maintenance from within the chamber will be
impracticable. A langth of at [east 900 mm in the direction
of tha main sower and a width sufficient fora 230 mm
wide benching on each side should suifice to enable a man
to work from the ground surface or partly within the
manhole. ¥

11.3.2.2 Sizes of chambers far deep manfioles (i.e. with a
chaft). The dimensions of a deep manhale will depand on
the size and depth of the sewer; the chamber should
preferably be large enough 10 provide a benching or
landing of sufficient size 1o sccommodale two men,

The width of the chamber should be such as tro-allow
benchings at least 230 mm wide on each side of the

channel and wherever possible there should be nat less
than 2 m of clear headroom above the benching. In
manholes on sewers of DN 600 and over, one benching
should ba wide snough for a man to stand on, e, at laast
A0 mim.

If the sewer is constructad in a heading or tunnel, the
manholés will often be located at the access or working
shatts, and the manhole chamber may then be constructed
of a size to suit the working shaft, or vice versa.

11.3.2.3 Sires of shafts and entries. In determining sizes,
regard should be paid to the dimensions of the maintenance
plant likely to ba uted in the sewars. The minimum size of
rectangular acoess shafts should be not fess than

800 mm x B40 mm. Access shafts of circular section should
be not less than 900 mm diameter where ladder access is
provided. Where sufficiently small breathing apparatus will
be used, 675 mm diameter sccess shafts with step irons ore
permissible for manholes on sewers legs than 1.0 m in
diameter.

Manhole covers should have a minimum clear opening
dirmension of BOO mm for sewers less than 1.0 m diameter,
except for very shallow manholes where this dimension
may be 850 mm. Manhole covers on sewers 1.0 m diameter
or greater should have a B0O mm ® 600 mm clear opening
with a minimum diagonal dimension of 700 mm,

11.32.3 Manhaole access, Step irons should be built into
brickwork or be cast inte concrate. They should be
uniformly spaced vertically and horizontally at a maximum
of 300 mm centres measured from the face of the manhale,
and should be staggersd. Brick access shafts may be
provided with corner type step irons instead of the general
purpose type,

LLadders can ba used with any form of construetion and are
gasier {o remove when necessary. Lightwaight removable
ladders may be used on manholes less than & m in depth
where they can easily be inserted and secured from the
surface, This practice may be used to deter unauthorized
pocess 1o the sewer,

Fixed ladders thould be wied in preference to step irons,
especially for depths over 3.5 m, because they are easier

to usa when wearing heavy boots. Ladders should not rise
migra than 6 m without provision af an intermediate
platform, which should preferably break the line of the
lacdder, Adequate clearance should be provided around the
lacdder 1o ensure salety in use, Clearanees at the back of
any rung should be not less than 225 mm to aliow for foot
ragm; and on the user’s side of the ladder this should be
not [ess than 650 mm. Stringers should be adegquataly
supported from the manhole wall at intervals of not more
than 3 m. They should not be built into the wall but bolted
1o built-in cleats to facilitate renewal.

It should be possible to reach the top rung of a ladder or
the top step iron with the feet when sitting on the edge of
the apening in the frame. Thus the tep rung or step iron
should ba within 450 mm of the tap of the frame. Far
shafts of 900 mm diameter or greater, and whare 660 mm
or 600 mm clear opening covers are used they should be
positionad so that the edge of the opening in the frama is
vartically above the top rung of the fadder or the front
edge of the step iron.
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Tha aceess shaft of 2 manhale in a road should be brought
up 1o @ suftable leval ta allow a manhale cover and frame
to be beddeod at road level. A maximum of three courses of
regulating engineering brickwark or precast concrate
manhale cover sealing rings may be used. The frama for
the covar should ba corefully set to road level in cament
mortar, or praprietary guick setting resin mortar, eare
being taken to set the frame to fit the camber of the road.
The reductian fram the dimansions of the chamber to
those of the shaft should not ba in the road construction
depth.

Whera larger covers are used 1t will not be possible to sntaer
tha manhole safely without one ar more handholds. These
may be im the farm of bars built into the sides of the shaft
beneath the cover frame or formed in the frama itself;
where a laddar 15 used these may form an extension to the
top of the ladder.

11.3.4 8Brick manholes. Brick manholes {chambers and
shafts] should be built in English bond with engineering
bricks or Speclal Purpose concrata bricks; where pressed
bricks with a shallow Trog may be used, these thould be
laid with the frog uppermost. To ensure watertightness,
horizantal and vertical joints showld be well filled and
flush pointed belore the mortar {of the next course i
spread.
Brick relleving arches should be tumed over pipes DN 300
of larger where thoy pass through the chamber walls, the
arches being turned on properly formaed éentres in separale
rings. Alternatively a reinforced concrete [intel may be
usatl,
Chambers should be covared by one of the following
methods.
la) By means ol a concrete slab reinforced to carry the
weight of the ground above and all probatale
superimposed loads, Anin situ slab shouwld be not less
tharn 150 mm thick. Alternatively precast slabs may be
used.
(13) By a brick arch turned over the chamber in one
direction; in the other direction the brickwork may
be corbelled inwards, or a concrate lintel may be wsed.
(e} In large manhales, brick arches at different lovals
and in bath directions may be used to effect the
reduction in size.
AL the top of an access shalt, brickwork should be
carbelled on threa sides [two gides only where corner step
irons are used) to reduce i1 lo the size of the opening in
the cover frame, and such as 1o provide easy access on one
gicle to the step irans or ladder,
Whare necessary, the cover frame should ba bedded an
brickwaork, in which adjustment to correct road or surface
leval can be made.
11.2.5 In gitu concrete manholes. The genoral dimensions
and requirements for in situ concrete manheles are similar
to those of brick manholes, The construction should be in
accordance with the recommendations of BS 8110,

11.3.6 Precast concrete manholas. Precast concrete
sections are available by means of which 150 mm
adjustments may he made to the depths of chambers and
shatts, Manholes of precast units can be rapidly
construeted . Precast base units with or without benching
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are also available. Joints between chambers, taper and
shaft units are usually rebated, ogee or tongued and
grooved and thesa moy be sealed with cement maortar or

a proprietary mastic. in the |atter case, precautions may
be required Lo pravent tilting af the units. Thers are
systems availabla for rubber ring Joints batween units and
betwean pipes and units, but these are not in camman use.
Balow tha groundwater leval, a proprietary mastic or a
doubla seal manhala jaint in cement martar may be used,
It is eszential to ensure that the first unit is truly vertical,
and if the joint is of the rebated or ogee type, ba laid with
its spigot upwards; if the joint is of the tongued and
groovad type the sockat thould Faco upwards. A taper unit
or reducing slab i used to reduce the chamber diamoter to
that of the access shaft with its cover slab, To bring the
cover to the finished lavel 3 maximum of threa courses of
enginearing brickwaork or precast concrete manhale cover
rings may be used; these thould be set in cement martar
consisting of T part cement 16 3 parts sand.

Tapers or raducing slfabs should not be used untila 2 m
height of full size chamber hat been constructed above the
benching level, 1o these cazes 5 shallow manhale should be
constructed with a cover slab placed directly on tha
chamber unite. In deep manholos, rest platforms may be
formed by inserting a cover slan, wmgh may be suitabiy
moditied, within the chamber. Caver and reducing siabs
and rest platforms may be bedded directly into chamber
and shaft units, without the need to form a flat top or
bottom joint. Jointing materiais are described abave.

Side entry manholes are available for use on pipes of

1200 mm diameter and above, They should be pravided
with a minimum 150 mm surraund of 20 Nfmm® concrete,
extending the full length of the main pipe including the
sida entry.

Concrate sturrounds 1o circular manholes are not normally
necessary but they may be reguired to provide stability in
macle or atherwise unstable ground, In enrtzin applications
it may be deemed more satisfactory to use a lean mix
concrete as a hackfill matarial whers compaction would ha
difficult or impossible. Segmental manholes, especially
those sunk as caissons, should be provided with graut holes
so that voids may be filled.

Bax culvert units are also manufactured (o be installed
vertically as manholes, complete with step irons as required,
Jaoints are rebated and sealed with either cament moriar or
a proprietary mastic. Cover slabs may be provided in
precast or in sitw conerete.

Special precautions should be taken where there is 2
possibility of the soil or ground water having a deleterious
affact on Portlnnd coment (soe BS 12).

11.3.7 Manholes of ather materialy, Where the linings af
shafts sunk Tor access to tunnelled sewars are of a
permanent nature these may bevused as manholes. When the
lining is of segmants of concrete or east iron (hese may
form the manhale walls without a further lining. In certain
conditions of corrosive ground, groundwaters and sifluents,
it may be desirable to construct manhales using non-
corrodible materials such as PE, unplasticized PVC and
GRP, Where these materials are being considered, the
mantifseturer’s advice shoulsd be sought regarding struetural
stability and chemical resistance properties,
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Section four. Construction

12 Construction of sewers (see also’
BS 8004 and [21]

12.1 Setting out sewars in tranch

Tha centreline and top width of trench should be accurataly
et owt, marked and referenced.

Temporary bench marks should be established in stable
pasitions where they are unfikely to be disturbad, The
transfarence of levels by straightedge and spirit level is not
recommended and should be avoided where possible,

On flat gradients the work should be sot out and frequently
chagcked by instrument.

When sight rails are used, they showld be strong, planed
true, painted in contrasting colours and fixed on rigid
poits, As a check on accidental displacement of a sight

rail, at least three ralls should be provided on each gradient,
placed at intervals to allow easy viewing from one 1o
another. The centrtling of the sewer, or its off1et, should
ke indicated on the sight rail and the height of the rail

from the invert level of the sewer shouid be a simpla
dimension (e.g, 2m, 2.25m, 3 m].

The lengths of travellers used between sight rails should be
checked at frequent intervals. Travellers should have
projections torest on inverts,

The use of lasers, which can be set up oither in the pipe or
in or over the top of manholes, leads to greaier speed and
accuracy of laying. Care should be taken that the targot s
placed accurately in relation 1o the true invert, especiaily
in large diameter pipes. The setting up of the laser should
be checked reqularly during construction (22].

12.2 Excavation

The nature of the ground as revealed by ihe site
invastigation, the depth o the trench, and the avoidance
of damage to existing lor proposed) structures or
underground works, will determine the choice of the
method of excavation and the type and strength of support
required to tha trench sides during construction,
Excavation in rock may require the use of explosives. Rock
is usually self supporting, but silts, all granular materials,
peat, marshy ground and made ground will require close
sheeting and ample bracing, Stiff clays, cemented sands
and gravels and marls are relatively stable under dry
conditions, but where necessary adequate trench support
should be provided to ensure stability and safety. Care
should be taken inall types af ground undar wet canditions
and whare thera is a high water table, Steel is generally to
be preferred for close sheeting. The depth of any
penatration of sheeting below the boitom of the

excavation will be determined by consideération and special
precautions may be needed against boils and blows

[see BS 6031 and BS5 8004}

Supports shauld be designed 5o a3 to permit progressive
withdrawal as the backfill is placed, and the spacing of
struts and walings should suit the individual lengths of the
pipes to be laid, Under suitable conditions, use may be
made of drag-boxes, trench shields or unit box systems of
suppart made of metal or GAP, These provide protection

Y |a preparstion,

to the pipelaying and backfill processes and are either
dragged or I#ap-lrogged along the trench line as the work
progresses; thay may not provent latersl ground mevemant
and consequent damage, With mechanical excavations in
any toil requiring support, whather the trench is close
sheated or not, the cross bracing should be placed
progressively as close 1o the excavating machine as possible,
Where ground conditions permit, trench support should
not extend below the top of the pips bedding 1o avoid
disturbanee of the bedding during removal,

In bad ground above tha permanent water level, timbar
may rot, and when it is known that the support needs to
ba laft in, the use of steel or reinforced concrete is
preferable. Trench suppaorts left in, which cross the sower
either above or below the pipes, need to ba kept well clear
of the pipes otherwise they may constitute hard spots and
cause fracture of the pipes,

The interruption of buriad services is undesirable and may
be dangerous. Every affort should be made 1o locate these
scourately through the statutory undertakers or local
authority before commencing excavation. Trial pits to
confirm locations should be hand dug. All pipas, ducts,
cabrles, mains or ather services exposed in the trench should
ke effectively supported, ar diverted if necessary. Attention
nepds to be paid to the temparary and permanent support
of these services to avoid subsequont damage. Care showld
also be taken ta minimize ground movement which may
damage services alongside the trench.

12.3 Ground stabilization

Under certain conditions where trenching would be
extremely expensive or impossibie, tunnelling methoeds
may be preferable (sce BS BOOS : Part 3" Alternatively,
consolidation af the strata may be undertaken prior to the
excavation and this can be done by injecting chemicals to
produce a gel, by freezing, or by injection of swuitable
stabilizing agents, e.g. cement. The choice of methed and
the material is a matter for specialist knowledge, The cost
af such methods may ba justified where exential work
could etherwise be inhibited by soil conditions, or by the
presence of existing structures {see B3 G031).

12.4 Dewataering

Where the proposed excavation formation level is balow
the groundwater table and the grading af the surrounding
ground is suitable, it may be desireble 1o lower the
groundwater table loeally by pumping during the period
of the excavation. The pumping out of water can alio carry
with it fing material in suspension. This may cause
subsidence of existing structures by loss of fings or water
ar both and it should be carried out under expert advice,
Dewatering is usually only possible in soils coarser than silt
(i.e. 0.06 mm) with less than 10 % passing a 75 pm sieve.
Exceptionally, some coarse silts (0.0Z mm) may dewater.

Dewatering may be carried out:
{a] by pumping from a series of well points sunk
adjacent ta the line of the excavation;
{b] by pre-laying a perforated horizontal disposable
tube in the most svitable permeable stratum adjacent
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ta the proposed excavation; pumps are then connected
"to vartical risers placed at suitnble intervals;
{g] by installing & number af deep wells; these can be
at greator intervals than well points,
In the first case, tubes approximately 50 mm te 70 mm
diameter with perforated meial tips are inserted into the
ground by hand by [etting (pumping water down the
whes); each is then coupled 1o s header tubs itading to a
vacuum |ift pump capable af lifting water from 6 m to 7 m.
The vertical tubes may be dispesable.
Harizontal tubing, usually of ribbed plastics and: covered
with a filtar sleave, is inserted into the ground by a seif-
propelled trenching machine. At Intarvals to suit the
permeability of the strata and the pumping capaeity,
a nan-perforated riser s brought 10 the surface Tor
connection toa vacuum it pump.
Deep wells should be farmad Gy drilling and installing a
perforated tube some 250 mm to 300 mm diameter 1o 3
dnpth eansiderably below trench farmation level, Suitable
filters are essentizl to prevent excessive removal of fines
and may consist of sloaves or graded stane within the bore.
" At the batiem of the well a pump should be installed
capable af lifting water from a greater dapth than weuld a
vacuum by pe pump.

12.5 Preparation of trench

Uniformity of suppart for a sewer is essential and the
trench bottam thould be carefully trimmed to the required
depth and gredient 1o provide the praper formation level.
A soft or uneven formation should be removed to an
scanomical depth and the resulting cavity refilled with a
materfal which will give unilorm support, If rock is
encountered at formation level, this may also have to be
removed and similarly replaced, except where concrata
bedding is to be provided.

Where dewatering i§ necessary and where this can be
effected by the use of sub-drains, these should be
constructed below lormation level and covered with gravel
ar broken stone up ta formation level, Sub-draing can be
laid at one or bath sides of the trench discharging to pump
sumps cloar of the rench line. Where possible sub-drains
shauld be grouted up alter pipelaying is complete. Where
the flow of water is too great to be dealt with by means of
sub-draing, sthar matheds should be considered (see 12.4),
[Reference should also be made to BS 6031 and B5 8004.)

12.6 Pipe laying and jainting

12.6.1 Mandiing and storage. Pipes are prone to damage in
transit and should e examined on delivery for defects
iiable 1o aMact jointing, anti-corrosive properties amd
strength. Damaged pipes should be rejected. Pipes should
e handled carelully with suitable equipment.

Wiere pipes are to be stacked, they should be arranged so
that the sockets and spigots are not |caded and excesive
loads are not carried by pipes lower in the stack.

Aubber jaint rings should be stored in an unstrassed
eondition away Trom sunlight, oils and sources of ozone
such as fluarescent lights and electric motors.
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12.6.2 [nspection.of pipes preperatory 1o laying. All pipes,
fittings and rubbar joint rings and preformed mastic seals
should be carefully inspocied priar to use, special attantion
being paid to jaint surfaces, grade of mastic zeal ancl
pratective coatings and linings.

12.6.3 Pipe faying: genaral. Pipe laying should start at tha
downstream snd, the pipes being normally laid with the
sockets upstream.

12.6.4 Laping pipes on irench as formation. Where the
design permits and if the nature of the ground is such as
to allow it to be trimmed 1o provide 3 uniform bearing,
rigid pipes may be laid on the trench formation, Sacket
holes should be as shorl as practicable and should be
goraped or cut in the formation, deep enough to give a
miinimum clearance of B0 mm between the socket and
tha farmation.

If the formation has been ovgr-txeavated and does not
provide continuous suppart, low areas should be brought
up to the correct lavel by placing and compacting suitable
material.

After the formation has been prepared, the pipes should
be laid upon it trus 1o line and level within the specilied
tolersnces. This should be checked for sach pipe, and any
necessary sdjustmants to level should be made by raising
or lowering the formation, always ensuring that the pipes
finally rast avenly on the adjusted formation throughout
the length of the barrels. Adjustment should never be made
by local packing.

12.6.5 Laping pipes on granwiar bed, The trench should

be excavated to o depth such as 1o allow the specified
thickness of granular bedding material to be placed beneath
the units. Any mud should be removed and soft spols
gither removed ar hardened by tamping in gravel or broken
stanet. Aack projections, boulders or other kard spots
should alse be removed.

Insoft'clay, disturbsnce of the trench bottom thould ha
minimized by placing a layer of blinding material about

75 mm thick, Such precautions may alio be necessary m
bad weather and {or wet ground conditions.

Granular bedding material showid be placed to the correct
level and should extend to the full widih of the french,
Sacket hales shouwld be formed at each joint positian.
These naed to be desp enough to prevent the waight of the
pipe and the load upon it braring en the socket or coupling
and should Le a minimum of 50 mm deep leaving 50 mm of
granular bedding matarial beneath the joinl. Bedding
materisl should nat be compacted in these socket holes.
Cara needs to be taken not to allow bedding material 1o
enter the joint and become trapped during jointing. 1n the
race of box culverts this may be achieved by placing stirips
af hardboard or similar material under esch joint prior to
Jeinting.

Pipes should be lald directly on the granular bed and
should then e adjusted 1o corract line and level within the
specilied 1olerances, i.o. the pipe invert lavels should be
constructed to a tolerance of £ 20 mm subject to the
provisa that the pips gradient should not be lesa than 90 %
of that required in the design. Sidelill of either granular
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material or salected backfill material, depanding upon the
bedding specified, should be placed and compacted evaniy
on either side of the pipe taking care not to divturb the ling
and lavel, For box culverts the granular bedding (minimum
depth 200 meml has to ba prepared to tha éarract line and
level as subsequent adjustment is nat practicable. A thin
blinding layar of fine material may be provided 1o that
disturbance of the bedding matarial is minimized during
fointing. It is important to ensure compaction of the
bedding to a density eorretponding to the natural trench
bottom.

Measures to prevant migratian af Tine material from pipe
badding should be undartaken whera the pipaline is below
groundwater lavel,

12.6.6 Laying plpes with concrate bed, bed and haunch,
or surround, Where in situ soncrate bedding iz required,
the trench bottom should be propared 1o giva a firm
foundation as deseribed in 12.5, using a blinding layer if
necassary. The level of this formation should allow lor a
depth of concrete under the pipe barrel of 0.25 O, where
0 s the narminal pipe bore, or 100 mm, whichaver i the
greater, The pipes should be supported clear of the trench
bottom by means of blocks or cradles placed under the
pipes immediately behind vach socket and just elear of
each spiget, or at bath sides of the sleeve, where sieeve
jmints are usad,

The blocks should extand the full depth of the bedding
which should be cast manolithically, Frea ctanding blacks
may be used if they are of a suitable size which will nat
tilt or roclk whens pipes are added to the line. A minimum
layer af compressible material should be placed betwean
the support and the pipe to parmit the borrel of the pipe
1o rest uniformily an its bed after normal seiting shrinkage
of tho concrate has occurred. Expanded polystyrene or
impregnated filre building board are suitable for this
Aurpose,

The toncrete bed should extend equally an each side af the
pipe to a width of 1256 & or 8, + 200 mm, whichever is
the greater, whora 8, is the outside diameter of pipe barrel,
and should not be placed until the pipawork has been
inspected and deemad satisfactory,

Where flexibie joints are amployed, the overall flaxibility
of the pipeline should be maintained by the provision of
llexible joints in the conerete. These should be formed
through the full cross section of the concrete by providing
compressible materials at least 20 mm thick [or that
required 1o ensure the Tlexibility of the pipa joint), such a3
axpanded polystyrene or impregnated fibre building board,

at the face of each pipe sccket or at one face of each sleeve,

This is 10 ensure that any subsequent flexing occurs anly
at a pipe joint.
Care should be taken as fallaws:
{a} in the placing of concrete, that the pipes or lateral
construction joints are not displaced and flexibility of
the joint is not impaired; and
{bl 1o avoid excessive shear loads devalaping at joints,
especialiy immediately below road surfaces.
For box culverts the trench bottem should be formed 1o
an approximately unifarm load and compaction and a fliat
apran of non-structural concrete at least 75 mm thick cast

an, on which the inverts are laid and given unifarm
suppart. If a thicker apron or reinforced conerete slab is
used, epecial measures should be token to ansure
uniformity of support,

12.7 Jointing pipes

12.7.1 Fiexible jointe The pipe manufacturar’s instructions
regarding the making of the joints should be followed
closely. Only sliding ring joints should be lubricated, using
the lubricants recommended by the marufacturers, The
eorrect sealing rings should ba used in jointing; if the rings
are supplied soparately from the pipes, care should be
taken not to mix up different sizes.

Most types of flexible Jaint can be made in wet conditions,
but it is preferable not 1o attempt jointing when the pipes
are under water, The jointing faces and sealing rings should
be clean and free from oil, greasa, tar, mud or sand
particles, prior to placing the joint ring on the spiget or in
the socket or collor as specifiad.

When joints cannot be made manually, mechanical pulling
devices should be used. Any disturbance of the pipe bed
should ke minimized, and made good. The specified gap
should b left between the end of the spigot and the
shoulder of the next pipe to permit movement. With some
roiling-ring types of joint there iz a tendency for the ring
to unrall and with small pipes, unless the pipe i
temporarily held in the trench, to force the spigot of the
inst pipe laid out ol the socket in which it iz engaged. With
rolling-ring joints the pipe being laid should not have s
axis inclined to that of the pipe ta which it is being joined,
during the pulling:in of the joint.

Box culvert joints are usually made with a preformed
mastic seal. The joint seals have to be prepared with a
primer which first has 1o dry. The mastic seal which is
supplied either in strips or a roll is then applied to the
socket, ensuring full continuity at the joints. Box culverts
may be supplied with a eaulking groave for secandary
sealing or (o provida a smoaath feint.

12.7.2 figid foints, While flexible joints are quicker to
make and preferred, the clder traditional rigid joints are
still avzilable with some pipe materials and for joining
dissimilar pipes. Care should be taken 1o ensure that whare
they ara used this is consistent with the overall design of
the pipeline. If it iz necessary to make the occasional rigid
oint in a flexibly joinled pipeline, the rigid jointed section
should ba kept as short as possible.

Cement mortar for joints should not be richer than 1 part
cement to 2 parts sand and prafarably in a ratio of 1:3.
The ends of the pipes thould be wetted immediately before
jointing and the joints kept damp and protected fram the
sun and wind until coverad by the initial backfill. Tho
interior of the pipe sheuld be examined as oach joint s
made and any intrusions of mortar or gaskin removed
before further pipes are laid.

Concrete pipes with agee or rebated foints are normally
Joimed with martar but they cannot usually be made
completely watertight by this moans alone.

Rigid sglvent-cemant joints and welded joints are available
for certain unplasticized PVC and ABS pipas, Aigid lusion-
welded joints are available for palyathylone pipes.
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12.8 Ancillary items

12.8.1 Junetione Junetions should bo ingarted at intorvals
as required for present or future connections, during the
construction of the sewers. All junctions which are not
immediately connected to latarals should be elosed with
durable purpose-rmade watortight caps, The position of
each junctian should be carafully meassured and recorded
ifl a junction book and on the plan of the waorks.

Wihen in situ junctien conpections are regquired the main
pipe should be cut snd a junction grm in the form of a
purpase-made saddle attached. A concrote suround to an
in gitu junction s nacessary and should finish at the joint
ol the junetion arm. Only purpose-made saddles are
recommanded and (hers should be no pratrusion of the
junction pipe into the main pipe. The diameter of the
sacidle cannection should be normally at least one size lass
than the diameter of the sower,

12.8.2 Gullfes. Guilies should be set vertically and 1o the
carreet lovel ! whep necoscany they should be surroundad
i concrete, care being taken to prevent flotation.

12.9 Backlillirg

12.9,1 General Care and atiention should always be given
1o the placing and compacticn af backfill, particularly
where it farms part of 1 load-supperting system, e.g. under
raoacls.

12.8.2 Sidlefiil and indtial backfill.

12.9.2.1 Rigid pipes As soon ai possivle atter completion
of the bedding ar surround, seleeted fill should be placed
by hand and carefully compacted between the pipas and
trench sides and brought up in 180 mm to 250 mm layers
1o at least 150 mm af eompacted material above 1he pipe
grown, taking care to ovold uneven loading and damage 1o
the pipe.

Where mortar joints or concreta beddings are used,
sulticient timn should be sllowad far them (o gain strangth
o avoid damage during the backiilling operation.

12.92.2 Flaxible pipas. The sidefill for flexible pipes
ather than ductile fron should be af the sema granular
material 3 that vsed {or bedding (see 5.5). It should bo
raken i at least the level of tha pipe crown and ba
carefully compacted. (The load carrying capacity of the
pipes depends very largely on the compaction of the
sidefill to provide the resistance to lateral deformation.)
Splected back il should then e placed and carefully
compactod in layers to give at least one 150 mm layer
above the pipe crown,

Im most cases, lar ductile iron pipes, tamped excavated
natural material from the trench will be svitable for
hackfill, In instances of excessive depths, high vehicular
loading or super loading frem buildings, ete., or very poor
t6il prapertios it may be necessary 10 bring in a graded
granula: back (il
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12.9.3 Main backfifl. The main backfill may be started
after the initial backfill has been placed and when zny
concrete bedding or surround has achioved an initial
crushing strength of at least 14 Nimm?,

When practicable and sale to da so, trench supparts should
be removed as the filling proceeds, Particular consideration
may naed o Do given where, for salety and stability, sheet
piles or modular box supparts bave to remalin uniil
backfilling is substantially completed.

Baekfill thowld be built up in even layars not exceeding
300 mm, each layer being thoroughly compacted bafore
further fill is added. Guidanca on the selection al
compacting equipmant, with techniques and appropriate
layer thicknasses for various typoes of soil is given in

BS 6031, The aim iz to compact the fill as nearly as
possible to the same dentity and reisture contont as that
of the undisturbed soil in the trench sides, but this is rarely
achieved in practice and sorme subregquent settlormant
usually oaccurs, The compacting eguipment should be such
a3 1o ensure that the pipas are not overlosded during the
filling.

The use af concrete as backfill under roads can be
damaging both to the pipe and the road, particularly in
clay soils.

12.9.4 Backiilling around manhales. The method of
backlilling and compacting around manholes should be
generally as for trenches, Care should ba taken to raise the
fill equally all round the manholeshaft to avoid unbalanced
lateral loading. Care is aleo necessary in placing the fill
around free-standing manhole shafts which have been
constructed in advanea of an embankment (e.g. in a valley
which is 1o be filled in subsequentiy}; end-1ipping of the
fill in the vicinity of the manhaole should be avoided.
Whaere there is a structural risk, precast concréte manholes
should ba surrounded with conerete 160 mm or more
thick, possibly reinforced, depanding on the loading
canditions.

12,10 Trenchion construction

Trenchiess construction is any means of constructing new,
or rehabilitating existing pipes underground without
excavating an cpen trench. [t includes renovation and the
existing and imminent new techmigues in that field are
described in the "Sewerage rehabilitation manual” (1],
There are 8 number of other techniques ayailable for
trenchless constructian and most of these are described in
the Conference Papers for Mo-Dig 85, First International
Conference and Exhibition an Trenchiess Construction
for Utilities, organized by the Institutien of Public Health
Engineers and held an 16-18 April 1985 [30] . In addition
the WHe has completad two studies of tronchless
construction, The first, a review of current methods and
development noeds; the second, a detailed comparativa
study af the economics of the methods, Reaporis on these
siudies are available from WHg Engineering, Swindon,
Furiher work is proceeding in conjunstion with CIRIA
and the results will be published in due course.
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Section five. Testing and surveying

13 Testing of sewers

13.1 Genaral

Sewars should be tested and inspected for infiltration and
exfiltration to scceptable limits.

Initial testing should be appliod befora amy sidefill is placed.
This will facilitate replacement of any faulty pipes or joints
revealad by the test. Testing after placing back{ill will reveal
any leakage dun to subsequent damage or the displacement
af joints.

For the final acceptance test the line should be tested from
manhole to manhaole, Any short branches may be testod
concurrently with the main line but bronches ovar
approximately 10 m long should be tested separately.

13.2 Chaoice af test mathod

There are two test methods which are relatively simple and
technically acceptable; these are based on the loss of sither
weadar or air.

As sewers are designed to carry liguids, the water test is to
be preferred, Lut under site conditions an air test is usually
quicker and more economical.

13.3 Air test
13.2.1 General. The air test is easiar 1o corry out than the
water test and does not have the problem of providing and
disposing of large quantities of water. [t provides a rapid
test which can be carried out after every third or fourth
pipe is laid. This should provent a faulty pipe or 3 hadly
made joint passing unnoticed until it is revealed by a test
an @ completed length, To replace a faulty pipe or remake
a joint in the middle of a pipe run is A time consuming and
costly operation. A smoke test can indicate the location of
1 failura,
13.3.2 Procedure. The following test procedure should be
adopted,
{a)l Seal the ends of the pipe and any junction pipes.
Hote that pipelines should not be left with plugs in
where there is a risk of the trench Filling with water
before it is backfilled, cr flatation may ocour.
(o) Attach 3 U-wube (manometer) and a means of
applying the air pressure 1o one of the plugs,
(c) Apply pressure either by mouth ar by a hand pump
1o achieve a pressure slightly mare than 100 mm of
water in the Ll-tube,
(d] Allow about 5 min for stabdlization of air
IHIT'IPEF&UJFI.'.
{e) Adjust air pressure 1o 100 mm of water.
Witliout further pumping, the head of water should not
tall by more than 25 mm in a period of 5 min.
13.3.3 Factors affecting the test. There arn several
possible cantributing factors that could affect the apparent
failure of the air test. These include the following:
{a) tempersture changes of the ajr in the pipe due o
direct sunshine ar cold wind acting on the pipe barral;
(b} dryness of the pipe wall;
(e} leaking plugs or other apparatus.

If thare it a dramatie fall in pressura than sither the
pipeline is faulty or the end plugs or other apparatus are
leakimg. If the failure iz marginal the pipeling should not
ke condemned on the air test alone and the contractor
should be glven the opportunity of applying a water test.
It should be noted that an air test on a backfilled pipeline
whare the water table is above the pipe soffit is nat an
effective test,

13.4 Water test

13.4.1 General. Gravity sewers up to and including DN 780
should be tested 10 an internal pressure represented by

1.2 i head of water above the crown of the pipe at the
high end of the lina. The test pressure should not exceed
6 m head of water at the lower end and if necessary the
test on a pipeline can ba carried out in two or more stages.
The test prassure should be related to the possible
maximum level of groundwater above the sewer.

When pipes larger than DN 750 are to be tested, expert
advica and special equipmant may be needed.

13.4.2 Procedure. The lollowing test procedure should

be adopted.
{m) Fit an expanding plug, suitably strutted to resist the
full hydrostatic head, at the lower end of the pipe and
in any branches if necessary. The pipes may need
strutting to pravent movement.
(b} Fit a similar plug and strutting at the higher end but
with access for hose and standpipe.
{e)] Fill the system with water ensuring that there are
no pockets of entrapped air,
{d} Fill the standpipe 1o requisite level,
{e) Leave for at least 2 h to enable the pipe to become
saturated, topping up as necessary.
(f) After the absorption period measure the lass of
water from the sysiem by noting the amount of water
needed to maintain the leval in the standpipe over a
further period of 30 min, the standpipe being topped
up at regular intervals of 5 méin.

The rate of loss of water should be not greater than 1 litre
per hour per metre diameter per metre of pipe an.
13.4.3 Factors affecting the test. Excessive leakage may
be due ta the following:
{a) porous or cracked pipes;
(b} damaged, faulty or improperly assembled pipe joints;
{¢) trapped air being dissolved;
(d) defective plugs;
{e] pipes or plugs moving,

13.5 Joint 1est for large diameter pipes
For man entry sewers special equipment is available to test
joints ar short sections of pipe in situ.

13.6 Iinfiltration

After backfilling is completed and after 1he greundwater
feval has stabilized, the sewor should be checked for
infiltration. All live infets should be sealed and the line
inspected from the manholes. Any flow from the pipeline
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coming into the manholes ar within the manhales
themsolves should ba investigated to establish its source,
I srmall pipas the point of infiltration may be located
visually with light and mirrer ar with an inflated rubbaer
plug, When canditions justify it a telavision camera ean
L Lol

The sewer may narmally be acceptable if the infiltration
does not axceed 1 litre per hour per metre dlametor per
metre ol pipe run, although this will depend on the
judgerment of the engineer and the extent of exfiltration
shown by the water test.

13.7 Freadom from obatruction

As the waork progresses the sewer should be chacked for
obstructinns by visual inspectian or by inserting a mandrel
or 'pig’ into the line. A television camera can also be used.

13.8 Straightness
A gewnr thaull ba checked for line and level at all stages of
construction. Methods of checking include the following:
[a) surveynr's level and staff;
{13) sight rails, boring rods and travellers;
[c) laser beams with sighting targets;
[d lamp and mirror.

13.9 Soundnew tasts for sncillary works

13.9.1 General. Recommendations given in this guide for
the materials, design and construction of manholes, and
similar underground chambers shauld ensure a high level
ol resistance to water peneiration, both inwards and
outwards.
Manhales should be so constructed that no approciable
flowe of water penatrates the permanent works,
Where construction work has been effectively carried out,
visual imspection may be sufficient for scesprance withaut
testing. Inspection should always he macde to roveal any
possible weaknesses in tha structure and particular
attention should be paid to the following:

{al siep fron and ladder housings:

ib) benchings;

le) pipes entering or leaving the strueture;

{d) joints in brickwaork or blockwork (sea 11.3.4);

(&} joint: between sections of the struciure.
If required, the inspeetion should be followed by testing
{see 13.9.2 to 13.9.6).
13.9.2 Rearons for testing. There may be a nead for testing
to be carried out in any of the follawing cases:

{a) for patrol interceptors, suction weils and similar

siructures;

(3] whars ursatisfactory features have been revealed by

inspaction, o.g. where there is reason to beliove that

materials or workmanship have boen inadequate;

ads
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{c} inlocations where tharae is fissured chalk or rock,
or pervious subsail

{d) where frequent surcharging of tha manhaole 5 likely.

13.9.3 Test head. Manholes less than 1.6 m in depth to
invart should ba filled with clean water to the underside
of the cover and frame located at ground or surface level,
Whare the dapth to the channel invart.is 1.5 m or greater,
the test head should be not less then 1.5 m. The tesi head
for petrol intercoptlors, suction walls and similar
undergreund chambers should be not less than 0.5 m above
tha invert of the highast sonnection te the chamber.
Where the chamber is located in ground subject 1o pore
prassure, the test head should be tha mean water table
level hased on seasonal wariations or tes! heads previously
spacilled, whichever is the greater.

13.9.4 Tast procedurse Tesis should not be earried o
until structures have reachad sufficient strength to sustain
the pressure from testlng.

The external faces of a structure should not normally be
backlilled or concrete surrounded before the chamber is
filled with water to the speciflied 1est level. Adeguate
stability should be ensurad during the peried of test and
subsequent concrete placement and backfilling.

For the tests Tit a bag stopper in the outlet of the manhola
and expanding plugs or bag stoppaers in all other
connections. Secure all plugs and stoppers to resist the full
hydrostatic head and provide means of safaly remeving the
outlet bag stopper from the surface.

Fill the manhole with clean water to the required tast level
and allow to stand for at least 8 h for absorption, topping
up tha level ar necessary, Carry out the test as rapidly as
posiible.

NOTE. These tests should show that 1he comatruction |s
substantially watertight, Waork fscontinuing in arder 1o gquantify
this term and #n sresndmant 1o thiz Pert ol BS B00S will be ioued
AE 100N a1 poskibie,

13.9.5 Maximuwm pernissible water logs. The accopiable
water [ast will vary with site eonditions and is a matier for
further research. In the meantime, the critecion for
acceptance should be that no appreciable flow of water
should penetrate the permanent work, Where water can be
obsarved izsuing from the culzide face of the structure at
an identifisble point or points, such leakage should be
stopped.

13.9.6 Testing of watertipht struciires. Sumps, suction
wells, rud and ol interceptors, petral interceptors, oil
separators, septic tanks and cesspools should be tested for
watartightness as described in 13.9.4 but ever the full
height to surface fevel and without measurable loss of
water after 30 min.
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14 Surveying existing sewerage systems

14.1 Objectiver

14.1.1 Gensral, Surveys of bath sewers and manholes aro
undertaken for several reasons, The nature and detail of
tha data to be collected will depend on the objrctive,
angd may influsnce the mathad of recording Tindings.
Common objectives ara as follows:
{al to investigate causes of paoar perlarmance, or of
suspected deterioration (e.q. frequent blackage, smell
complaints, pipe fragments in manholes);
|b] to locate and inspect sewars prier 1o 8 changs in
their use, or in the use of the surface above them [with
the objective of ¢xecuting necessary repairs);
[e] to inspect sewers prior to adoption [see BS BOOS :
Fart O);
[d] to record the eondition of a sewer immediately
priar to adjacent warkings (with the abjactive of
atiributing liability for any associated damage] using the
MNWC elassification of Sawer Defects STC No. 25 [23];
{e] to create and periodically update sewer records,
following STC Mo, 26 [23].
Internal sewer surveys may be classified as either
operational lor service condition) survievs, oF as structural
SUrVEys,
14.1.2 Operational surveps. Dperational surveys are carried
put to pravide infoermation on the following:
{a) the necessity for, and nature and freguency al,
cleaning;
ib) possible struciueal weaknesses which may be
indicated by the type of sediment [inflow from voids,
rubble, bricks, atc.);
el tree root systemns which might cause blockages;
{d} sediment which may indicate bad ar flat construction
ovan thaugh the tewer may be sound:
(e} the necessity for major jetting and claansing
operations;
(f} heavy concentrations of debris indicating the
possibility of collapse;
{g] the presence of noxious gases indicating sediment
and septicity problems which could lead to fabric
deterioration.

14.1.3 Structural surveys. Structural surveys pravide
infarmation on the fallowing:

{a)] possible renewal or renovation costs;

b} major defects which can lead to collapse;

(c) the condition and life af sewer fabric.

Jetting to clear the sewer may weaken the structure,
but may mare readily disclose structural delects,

14.2 Survey mathods

14.2.1 General. Several methods of surveying are evailable.
The choice should be influenced by objoctive, costs and
seweer diameter.

14.2.2 Man-entry surveyps, The decision ta permit personnel
entry into sewers for surveying purposes should be based
on safety considerations rather than a minimum limiting
diamater.

Tha surveyors will reguire adequate lighting at a leval in
excess of 10 Ix which may be supplied from portable
battory packs: or from a supply cable at less than 50 V.
Distances from the point of entry are normally messured
using a tape anchored &t a suitable datum paint.
Observations, together with their circumforential location
and distarice along the sewer, can be tapt-recarded, This
eliminates the difficulties associated with writing under
cramped and dirty conditions.

Monechrome or colour photagraphs may be taken and
their locations carefully recorded. [t is advantageous if
the camera incorporates facilities for imprinting reference
numbers and other information an frames by way of data
hanks. 2

Mg an alternative the survey can be recorded on video tape
wia @ suitable portable low light-level television camera,

14.2.3 Photographic and cire surveying using remately
controlled cameras, Fhotographic and cine cameras which
operate under remote control are available for sewer
surveying, Their prime application is in smaller sewers,
They are commonly modifications of more canventional
equipment. The cameras are encased in 3 watertight
container incorporating flash illumination. Operatian is
through a length of cable from a contral bax. Flash bulbs
should not be used where there is a risk of explesian,
Cameras are winched through the sewer, exposures being
taken at regular intarvals, or at logations along the sewer
suspected to be of interest. A leading and trailing winch
cable is normally employed such that the camera can be
retracted if prograss becomes impossible. It is usual 1o
ostimate the distance travelled into the sower by coloured
markers at regular intervals along the signal cable or by a
cable measuring devies. The length of sewar that a camera
can nopotiate in one pass is only limited by the length af
cable that can be thresded and the number of exposures/
frames on the film in use. In practice it is advisable to bring
camaras to the surface regularly to check and remedy lens
fouling. The principal disadvantage of these types of survey
is that their success cannot be assessed until the film has
been processed, In practice many exposures can be wasted
owing 1o lens submersion and fouling. Care has to be takan
that all exposures are referenced to the correct length of
sawer, and to their distance along it, Reterencing of batches
of exposure can be on a chalk board carrying the refevant
location details le.g. date, road name, manhole reference).
Individual exposures are usually referanced to their
paosition in a sower, by compilation of a site report. In most
systems an exposure counter is incorporated on the surface
to facilitate this procedure. However, unless the system
alze incarporates facilities for alpha-numeric marking of
exposures, referencing is dependent solely on the
sequancing of exposures within the film. Cine and
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phaotographic surveys are capalile of producing sequences

of high delinition colour pictures, Cine film can be replayad
on a frame by framo basis 5o that the piectures can be
imterpreted and & roport produced, Whera spacialist

camaras are nol availablo, useful rosults can be obtained
using conventional flash phatography from manholes.

14.2.4 Lamping surveps. Olservers with safery lamps
entaring adjacent manhole: ean chock for unobstructed
vision alang the connecting length af sewar, Mirrors hald
at a suitabile angle in the manhole invart enable tha
surveyor 1o achieve this inspection from a squatting
pasitian.

The langth of sewer aver which the procedure is effective
is dependent on dinmeter. In sewers of less than 300 mm
diameter it is difficult to distinguish a circle of light over
distances in excess of 30 m. In oldar systems, lamp-holes
were olten included between manhales: many of those
have heen abandoned, or replaced by manholes.

Although useful detail can only be observed for a limited
distange along a sewer, the susveyor is frequently abie to
decide whother further action i3 required, [h particular,
lamping should be regarded as a useful preliminary to other
mare costly surveying technigues in az much as the
desirability of pre-cleaning and/or flow diversion can be
establishad 2
14.2.5 Television suoveps The use af specialist closed-
circult televizion equiprment for sewer surveying is
widespread [24], The technique is usually associated with
the Inspection of smaller sewwors, although T iHumination
is adequate it is equally amenable to sewers of man entry
proportians where eniry is undesirable an safety grounds.
The camara is aither winchad through the sewer or driven
thraugh maunted on & self-traction devies. Whilst the |attor
aliminates the task of line threading which may incur a
significant part of survey cost, tractor surveys in silted
sewers may causa abandanment through loss of traction.
Thers i great varintion in the extent of service offered by
contractars and in the sophistication of squipment
supplied by manufacturers. Survey contracts should ba let
under a datailed spoeification and conditions of contract
and shipuld be properly suparvised on site.

14.2.6 Manhole surveys, Marheles are an Integral part of a
sewerage systom, and should preferably be surveyed at the
samme time as the downstream length of sewer. Data
callected should include tha fallowing:

(a] dimensions;

[} fabwric:

(el cover, ladder ar step iron details;

|ed] service condition;

[#} structural condition;

(f} date and time of survey;

{g) levels af the manhole cover, and of the invart of

connocting sewars [to Ordnance Survey Newlyn Datem):

{h) & plan showing the geometry of connections and

directions of How;

(i} loeation inlarmation {e.g. 2 manhole reference

number];
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ti) Ordrance Survey grid reference of manhaln caver
centra;
[k} pozition of sewer centreling in ralation 1o manhele
covar cantre.
It is convenient to store collected information on a
standard data sheet. Photographs of manhales amd their
covers ara often useful and these should be cross-referrnced
to the manhole data shast or alfixed to it

14.2.7 Line and lavel suneys

14.2.7.1 Genaral, BS BOOS5 © Part O summarizas legizlation
defining the duty of local suthorities to maintain sower
s,

14.2.7.2 Smwer line, The pasition of all manhale: along a
lergth af sewer can be datormined by referencing the
manhole covers to parmanent features of detail on the
ground [i.e. buildings, fences, kerb lines, ste.) which are
shawn on Ordnanee Survay large scale maps. Buricd
manholes might be found by wing metal detectors and all
taped measurerments should be to the nearest 10 mm.

In rural areas tha manhale positions can be plotted on to
142500 scale rmaps giving & positional accuracy of £ 1 m,
and for urban areas on te 1/1250 scale maps giving
pasitional securacy of £ 0,15 m. Mational Grid coordinates
can then ba determined for each manhaole cover centra by
scaling from the appropriate map.

The sewer centrgling should be determined in refation to
each manhole centre ard plotted as an approximata line
betwesn manholes. |f required, the true line of the sewser
between manholes can be determined by & number of
mathods; e.p. by siectrolocation; sighting with pevweriul
lamps through the sewer betwoen manholes and by
reference 1o ‘as corstructed’ drawings. In the cate of man-
entry sewers, distances can be mosiured through the seweis
between manhaoles, recording the chainage of starts and
finishes of bends, centrelines of ingoming sewers and pipes,
ete.; the resulting information should be plotted on ta the
appropriata map.

All infarmation recorded in the feld should be properly
indexed and cross-referenced for future use.

In man-entry sewers, pracise ling and level surveys can be
carried out using eenventional surveying instruments and
the resultant survey plotted to a scale of 1/200 or larger,
Survays of this nature will determine the position of the
sewer in relation to surface detail to an accuracy of

+0.1 m of trua position. These surveys are not genarally
required for record purposes but for eivil ingineering
dasign purposes; precise location Is required for
reconstrugtion, foundation design, ate., or whera the sewer
is to be built over.

14.2.7.3 Sewer levels. Sewer invert and cover levels should
be related to Ordnance Survey Newlyn Datum latest
svailable values. An accuracy of £ 25 mm should be aimed
at for all sewor levelling.

Cut marks can be established on manhole frames directly
ovar the sewar invert if possible, and the distance {rom cut
mark to sewar invert is measured very accurately down the
manhale thaft, [n shallow sewers the invert |evel may be
reeadl directly whilst surface levelling is being carried cut.
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At side-entry or offset manholes the cut mark is established
and 1 datum paint can be put in the gallery floor directly
below it. The distanca from cut mark to datum point is
caralully measured; this point is ther used to detenming

the sewer invart levels.

The fevel of the cantre of each manhole cover should ba
racorded and in the case af tilted covers, the lowest point.
All levels should be read in the field and booked to the
Aearest millimetre; they may, however, be recarded to the
aearest 10 mm on the sewer map. All information recorded
in field books should e propedy indexed and cross-
referenced.

14.3 Arcording survey inflormation
Survey informatlon may be praduced/storod in the form
ol written reports, phatographs, stides, cine film, sudio
rape recardings, video tapa recordings, plans, and in the
several methods of computer starage (o.g. floppy disc,
solid-state memery ), Where storasge on mare than one of
these media is employed, information should be cross-
rafaronced within tho systems, It is wseful il referencing is
based onthe module of a single manhole and fts
downstream length of sewer, {For symbols see appendix Gl
in addition 10 the conditian data obtained from surveys,
data may exist on the sewer environment {e.g. bedding
type, teaffic loading, groundwalor canditions] and on sewer
parfarmance (eg. Tlow data, biockage [reguency,
maintenance costel. This information should be stored in
conjunciion with condition data, or cross-referanced to it
Writtan reports sulfer fram the following disadvantages:

{a) they cannot be readily updated Tollowing sewer

alteraticns or deterigration;

ilx) the abstraction of guantitative summary information

{i.e. based arithmetically on survey contents) is tedious;

[e] they are produced in a3 multitude of styles using

non-standard lerminology to describe obsarvations,
An advantage of written reports is simplicity and jower
capital cost. Staps can also be taken to overcoma the
problems af non-standard format ond technology by the
wse of rigid definitions and nomenclature for commaonly
observed defects.

Pictarial evidence from surveys can be expensive to
produce, but can help to overcome praliem: atociated
with operator intorpretation. However, tnless video tapes,
photegraphs, ete., are produced in conjunction with a
eomprehensive survey ropart, their use in the quantitative
comparison of sower condition i very limited. The
reviewing of videa/cine coveraga ol surveys can be timea
consuming.
Computer storage of survey data used in conjunction with
a standard systam of nomenclatere and 3 simple coding
procedure to facilitate input, has the following advantages.
(1} Surveys can ba reacily updatoed,
(2} Summary information useful te the ranking of
sewers in arder of the cost effectiveness of remedial
action can easily be abstracted.
{3} Survey and summanry reparts can be readily
reproduced in a variety of formats suitable for varlous
levels of use (e.g. site appiications, resource planningl.
[#] Sower condition data can readily be storod and used
in conjunction with environment and performance data.
{5] Data can be stored on a suitable medium en site,
and ean be available for input direct 1o computer, This
avolds the costs associated with the manual production
of reports.
|8} Subsequent survey inlormation may be easily
compared to monitor pregressive detarioration.
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Section six. Operation, maintenance and repair

15 General

16.1 Adoption of sowars

In England and Wales sewers for construction an a
development site may be offered for adoption to tha
sewerage authority by agreemont under Sectian 18 of the
Public Health Act 1938 prior 1o the commencemant or
alternatively using the provisions of Section 17 of the sama
Act after completion.

Refersnce should be made to the WAA document “Sewers
for adoption” [3] or to the specification prepared by the
sewerage autharity.

In Scatland sewerage authorities are responsible under the
Sewerage (Scotland) Act 1968 for providing sewers. In
practice they may enter into an agreement with the
developer who will lay the sewars to the sewerago
authoeitie: ' specification. On complation, the saweraga
authority, if satisfied that the sewers have been Inid to
their requiremants, become cwners of, and respansible
for, the sewers.

In addition to a detailed inspection of the sewers to ensure
that they have been canstructed or repaired to the
specilication and are clear of silt and other debris, all step
irons, ladders, landings, guard rails and chaing should be
checked to ensure that they are securely fixed and set in
the correct position. Safety chains or hinged bars should
ba parked clear of normal flows:s. Manhale covars should
ba cormectly set and their frames properly bedded. A check
shauld be made ta ancure that any previeusly lve
connections have been remade.

The perfarmance of a new or repaired sewor should be
monitored for a period. In the case of surface water sowers
ar storm relied sewers the flow canditions should be
ranitored by inspection during the first few storms and
particularly during any majar storms oscurring in the first
wear of its service. All siatutory undaertakers and those
directly connecting to the sewer should be advised when
the sewer has been put intg use. Thote responsible for
sewer aperation and maintenance, pumping stations and
treatment works should be notified beforehand of the date
when the sewer will be commissioned and advised as soon
as it has been put into wse.

Final inspection of sewers and manholes constructed under
a contractshiould ba made before the complation of the
mainienanco period in arder that any defects can be
remedied before the conclusion of the eantract.

All drawings of works as executed should be kept. All
inspection récords should be kept for at least 12 months
afror completion of the works. Sewer maps thould be
updated in respect of new sowors, removed sewers and
closed sewers.

" In preparstion,

15.2 Operation

Operation Invalves the requlation or diversion of sewage
for example, by the fallowing:

{a} starting or stopping of pumps:
(B} inserting dam boards or_cloughs:
{c} the requiating penstocks, valves, weirs, gtc.;

{d] the uze of balancing or storm sewage treatiment
tanks.

(]

16.3 General maintenanca
The term maintenance when used in a general sense, covers
all the tasks earried out to keep the sewerage installation in
such 3 condition that the system performs it functions
satisfactorily. The national assessment [25] defines the
tasks as follows.
la) Maintenance. Tha systermatic Inspection and
cleaning of 3 vewar, including minor repairs but not
involving reconstruction of the maln structural fabric or
sltaring of the original dimansions. Maintenance ingludes
joint repairs, renawal of inspection covers, step irons,
etc. and sealing of cracks when the structural fabric is
not impaired.
{b) Repair. The repair of the main structural fabric of
the sewer ard the reconstruction of short lengths. but
net the reconstruction of the whele of the pipeline
considered as an entity, norwark involving significant
alteration of the dimensions, lccation, ar depth of the
pipeline as originally censtructed.,
(e} Renovation. The operation of effectively improving
the condition of an oxisting sewer by in situ technigues
such as will provide for a substantially increased life.
Rensvation miay or may not improve the structural
strength of the pipeline.
Structural renovation systoms reduce the size of the
existing sewar by a larger percentage than non-struciural
tochnigquas and the |ass in capacity should be considersd.
Howeyer, minar reduction in size may be affiot by the
improvement in hydraulic effliciency.
NOTE. The subject of rehabilitatian will be dealt with in
A5 BOOS : Pary 5° and is covered in detail in refarencn [2]
{d} Renewal. The recanstruction of the whole structure
of a sewer as an entity to the same dimensions as 1the
original pipeline, but not necessarily in precisely the
same location.
e} Replacement. The construction of a now sawer
gither in the same location as the original sewer or ina
new |ocation so that the fundamental purpose of the
original sewer will be incorporated in the functions of
the new sewer, Replacement can include a propartion
af improvement or devalopment work.
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15.4 Remedial works
Remedial works (see clause 17) may be required if:
(& the sewer s structurally unsound, 1.4,:
(11 Tails to support ar retain the soil in which it is
constructad,

{2] is imnadequate to support the suparimposed loads
from buildings or traffic, etc.;
13) allows infiltration or exfiltration o an axtent
which causes leaching tway of, or damage to, the
soil surrounding the sewer and/ar reduces the
hydraulic capacity available far the performance of
its function;
(4] deforms ar collapses to the exient that
restrictions 1o flow or Dlockages occur,
ar

{b) the hydroulic capacity of a sewer has been reduced

Lyt
1) siltatian;
(2] las: af gradients {settlement);
[3) encrustation;
{4} tree root penatration;
[5) badly formed connections:
{B) deformation of cross section of sewer;
{7} hydraulic conditions elsewhere in the catehment,
sugch as restricted outhets to rivers, backing-up caused
by the cennection of additional sewers.

o

{e] structural defects have been caused by:
(1) increased structural loading from engineering
warks, buildings, roads, earthworks and natural or
artificially introduced ground movernents;
(2} increased hydraulic loading;
{3) infiltration of groundwater;
[4) exfiltration of sewage;
5] deterioration of materials;
{6] chemiecal attack on materials;
{ 7] arosion of materials;
(8] inadequate design;
|8] unsatisfactory construction.

|6 Qperation

5.1 Records

5.1.7 General. Records should be kept so that an
lequate service fo the community can be provided with
ie regard to safety. This objective will narmally
:cessitate @ regsonably comprehensive record system,
12 stalutory maps being supplemented either by additional
ermation shown an them or by additional document-
jon which is referenced to them.
gcords of sewers should be In two forms as follows:
[a)} lecation records: to state clearly the pasition, size,
level, material, function and age of the spparatus;

{b) ¢ondition records: to record the condition and
operational history of the apparatus, including the
results of insprctions and surveys and all maintenance
and repair wark carried out,
For additional informatian on the uses and Torm of records,
tagether with associated statutery and financial aspects,
se0 STC Heport Mo, 25 [23]. Records connected with
rmianhale surveys are reforred to in 14.2.6, For symbals used
in records see appendix G.

16.1.2 Statutory obligationz In England and Wales the
statutory requirements for sewer records are contained in
Section 37 of the Public Health Act 1936, which, by virtue
of the Local Government Act 1972, places the responsibilivy
for keeping records on to district councils. Section 32 iz nat
specific with respect to content and does not reguire all
sewers 1o be recorded. Section 32 will ke satislied by a
district whieh keeps deposited a map showing the location
of all post-1937 sewers and all pre-1937 sawers which ars
reserved for foul or surface waters only, Section 32 does
not require recards of sewers to be kopt unless 3 declaration
of vesting, or an agresment to make such a declaration has
boen entered into.

In Scotland, Sectian 11 of the Sewerage (Scotland} Act
15968 defines the duly of sewerage authorities to maintain
maps.

16.1.2 Other drainage systems Highway drains and
walercourses are not public sewers and accordingly there is
na statutory duty to show them on sewer maps, although
in some areas they may form an important part af the
system of drainage. In evitably this leads to ambiguity
where such conduits are interconnected with public sewers
bocause the records will not normally indicate the reason
for the omission of pipelines. In many cases, |for example,
where it is necessary to consider connections, maintenance,
or building aver) establishing the ownearship and status of
the conduit is of prime impertance. A rapid determination
of status iz essential when an emergency arises, for example
when it is necessary to trace a spurce of pallution. The
inglusion on the public sewer map of certain nen-public
drains or sewers is therefore recommended, provided their
status is suitably indicated,

16.1.4 Basic or master records, The basic or master record
is normal ly an Ordnance Survey plan or is a reduction or
enlargement thercof. There are, however, a few instances
of as constructed drawings forming the master record.
¥Whilst detailed 1/500 scale maps may be necessary in
certain parts of Metropolitan areas, the Ordnance Survey
plans generally in wse for statutary purposes are the
1/1250 and 1/2500 series; smaller scale maps such as the
1/10560 and 1/10000 are used for forward planning or
indexing uses. Master record drawings normally provide
dotails of tha line, size, type of sewer, manhole locations
and depths,

The most common methods of preparing masier record
drawings, and af s1oring and labelling them, are in STC
Report No, 25 [23] . Symbols for use in the maps are given
in appendix Q.
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16.2 Salaty considerations

16.2.1 Sratutory requiremants, Stalutery requirements are
identified in BS 8005 : Part 0.

16.2.2 MHealth, treaining snd information, 11 s essantial that
every emplaver concernes with operation and maintonance
work in the sewaragae industry should bo of the nocossary
standard of health and should be adequately trained to
perfarm his particular function ef ficiently and withowt risk.
From the bikliography in appendix B, attention is dirccted
particularly 10 the Tirst relerence, “Health and Zafety
Guiclelines Mo, 2° entitled "Safe working in sewers and at
sewage works' [26] , published by NJHSCWS for goneral
quidance.
For staff emploved in pumping stations, special emphasis
should be placed an a sound knowledgo of safety
precautions in the operation of relevant plant and
machinery. (See 85 BOOS5 : Part 2.}
Where an employee’s duties invelve working in sewers and
associated confined spaces, the primary consideration is his
state of health. This could exterd not only 1o defects in
haaring, eyesight and sense of smell but also te physical
deformities, susceptibility to claustrophobis, nervaus or
mantil disorders and any inharent weakness which constit-
utes 2 hazard Tor the particular operation. 1t is eszential that
a system is cstablished which rogularly monitors tha health
of such employees.
Types of training will vary depending on the reguirements
of the pperaticnal function, but in view of the potentially
high degree of risk to employees when entering and working
in sewers and confined spaces, adherence to the following
aspects of training is assential:

{a} provizion of safe systems of work.!

(L) the use of equipment for testing and monitoring the

atmpiphere;

[} the use of respiratory protective equipment;

() bazic Tirst aid;

(o} escape and rescue procedures.
1t is recommended that a Medical Instruction Cerd should
be given to avery employee likely to come into contact
with sewage. This card should give occupational infarmation
about the individual and a list of the basic precautions to be
taken by the employee against the risk of leptospirosis.
In additian, all employers should issue an ilfustrated
booklet containing information sbout known cperational
hazards, how they can be avoided and the most effective
rmethods of dealing with them. Current legislation should
be referred 1o, where appropriate, pnd the booklet should
be updated regquiarly.
16.2.3 Procedure. Whenmver a manhole or sewer is 1o be
entered consideration should be given to:

I} reviewing the information available abaut the sewer

and itz appunenances;

ikl the size of the gang required to carry out the wark

and 10 effect rescue if necessary,
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{ch the sysiem of communication betwoen members af
the gang when one or maore are below grotind:

(d} the equipment necessary for sate and effective

warking, including gas detection and rescue grar;

(0] the procedures for dealing with emerencies,
Proper maintenance of all working and salety equipment
i3 cazential.

16.2.4 Danger ra workmen i sewere, This subjeet is
cavered comprehensively in the "Report an the enmquiry
into serious gas explosions” (20] and ‘Health ane Sateiy
Guideline No. 2 [26]. 1t is considered essential 1o highlight
hera the most common dangers, thair causes and 1he
appropriate remedial measures, but not 1o the exclusion af
the more detailed recommendations given in the relirence
documents.
{a) Physical injuries. Injurics 10 men descending through
manhaoles and working inside sewers arise mainly from
talls, slipping, dropping 1ools, cuts or scratches from
sharp edges and the use of incorrect ar Tauvlty toole, In
mast cases the remedies are obvious and unless
spproprlate action it taken to repert and repair the
causes le.q. damaged s1ep irons and ladders with
irregular surfaces), accidants may recur.
The discipline of vacating such a workplace immediately
to apply first aid cannot be over-emphasized, The use of
anti-tetanus injections as a primary safeguard should be
rigidly enforced. The fact that a minor Injury caused
underground may result in a major rescue operation,
if incapacity ensues, should be emphasized requlariy.
(b) Deangerous atrmospheres. Entry should not be made
or permitted into a confined space unles: the atmasphere
has been testod by an authorized competent perpn
having relevant local knowledge of the system or
installation. A safe result has to be obtained belore
entry is attempted and arrangements made thereafier
for the continuous monitoring whilst persons are in the
conflined space. Alternativaly suitabls breathing
apparatus has to be provided and wvsed. Such apparatus
should comply with the requirements of B5 4617 ¢
Parts 1, 2, 3 and 4 as appropriats,
Table 5 lists the most eammaon hazardous gates likely
to be encountared in sewers, thair basic proportios,
main hazards and methods of detection.
Dther gases may be present as a result of accidental
spillage or discharge of unauthorized trade effluents
causing hazards by generation of foxic or explosive
fumas. A pre-survey of an industrial area, whera sower
work is necessary, may give valuable information as 1o
what substances are likely to enter the sewers both in
controlled aned accidental circumstances. Guidalines on
identification of such substances, e.q. colour, odaur,
may be obtained. Advantage should be taken of
improved detection devices continuwously being
developed.
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Table b, Common hazardous gases

Gas Mrapaning y Hazard Mathod of dotection®

Cartion dioxide Colourless Displacement of oxygen Flama of safety lamp decreases if
L‘.!'dalulrlnss Mildly texic concentration is sulficient 1o
Heawier than air raduce the oxygen content of
Man-flammable the air

Carbon monoxide | Colourless Taxicity Flame of safety lamp increases
Oclourless Flammability in height
Lighter than air
Flammable
Toxic

Chiarine ¥ ellow-green eolour Taxizily By smell
Choking odour
Much hoaviar than air
Man-lammalble
Toxic

Hydragen wulphide | Colourless Toxicity Muoistened load acetate paper qoes

Rotten-cog odour Flammability

Meavier than air

Flammahble
Toxic
Methane Celaurless
{caonstituent of Celourless Flammability
natural and Lighter tham als Explosion
reformed gat) Flammatile
Patroleum Colourless Taxicity
Diesel vapaur Paraffinic odour Flammahbilivy
Much heavier than air | Explosion
Toxic
Flammable

Impairment of the sense of
smell by high concentration

brawn in awmetphere containing
hydrogen sulphide

Flame of safety lamp increnses
in height

Flama af safety lamp increases
in height

* The detection metheds listed sre based an the eonventional salety lamp with nceisie paper halder. C1her cemmenly weed methods
include electromig mnnilaring and taiting devices and air sampling e jhogs,

Artention is particularly directed to the atmospheric
dangers which arise at the junction point of two or more
sewers containing effluents which react together and
genarate fumes. A similar danger may arizse if @ persan
walking theauah the sewer disturbs sediment in the
invart and releases harmiul gases. Account should be
taken of gases heavier than air which consequently
dispel slowly if normal venting methods are used.

When the oxygen content in the gtmosphere falls below
a minimum level of 17 % owing 1o displacement by
ather gases, narmal monitoring systems sound an alarm
and personnel are required to vacate tho aroa
immediately. The normal method of rectifying the
situation i3 to improve the ventilation. Rapid
improvement by injecting axygen of hydrogen peroside
is nog advised owing to the increased e and cxplasion
risk such action may create,
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Effluents from the brewing and food industries are likaly

1o create oxygen deficient atmospheres,

{c] Orher hazards Oiher hazards present in sewers

include the following,
(1) Fleoding. Clreumstances leading to flooding in
sewers and manholes are dealt with in 16.5,
{2) Bacteriofogical infection, Special vigilance should
be kept for any signs of infection developing inte
Weil's disease |Leptospiral Jaundice], which requires
immediate treatment. A suitable barrier cream
pratecting hands and lforearms before entering 2
sower will provide proteetion 1o shight euts and
bruisas, However, no person with an apen cuf or
wound should be allowed to cniler a sewer,
{3} Accidental discharges. [n addition io controlled
trade effluent { 16.3], malfunction of industrial plant
or transport accidents may result in accidontal
discharges of hazardous materials into sewers, Such
discharges should be notified 1o the appropriate
suthority immadiately.
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Toble 6. Sources of horards in effluants

Saurce

Sulstance causing hazerd

Metal refining, plating, ete. Cyanides

Cleaming metal components
acids, alkalis
Dry cleaning

Maotor trade Paint solvants

Petral/diesel
Paparmaking, dye works, acid Sulphur diaxide

markifacture, Refrigeration plant
Breweries and food factories

Genaral: hospitals, laboratorias,
power stations, ete.

DOxygen deficiency
Steam discharge

Phenals, chlorinated solvents®,

Chlorinated solvents®

FRadipactive substances

Irichlaroethang.

* Chiorinated soivents are trichiorosthylene, perchiareethylana,

16.2 Trade effluant contral

16.3.1 Obfectives of trade effivent control, The objactives
of control are to pravent trade effluent discharge 1o sewers
which may cause the following:
{a] risks 10 personnel employed therein [sem tables &
and 6);
{b] damage or harm 1o the sewerage system together
with increased maintenance costs:
(2] interferance with the effective and economic
treatment of the sewage;
() unacceptable effects on water resources or the
enviranment generally from the products of treatment,
in the form of effluent or residues;
{a) unacceptable storm sewage discharges o
watarcourses,
Trade effluent control also provides data for use in the
design of future sewerage and sewage treatment works,
snd ensures that the trader pays 4 fair eharge for the
services rendered for the reception, conveyance, treatment
and disposal of his effluent.
Consent to discharge is issued by the water authority.
The canditions are designed to ensure that tha effluent
complies with the above objectives. They should also
include the follmwing:
{11 the provision and maintanance of an inspection
chambier or manhale te enable samples ta be readily
taken;
{21 if considered necessary, the provision and
malntenance of such meters as may be required to
measure 1he valume and rate of discharge of the
gfflusnt.
A consent may alio include conditions Tor the provision
and maintenance of apparatus for determining the nature
snd composition al the eHiuent, the keeping of records

of volumes discharged, ete,, and the making of raturns and
giving any other information regarding the efflusnt.

16.3.2 Sampling Sampling is required to monitor the
following:
{a) the trede sffluent discharging into a public sewerags
systam, both for control and charging purposes;
(b} any overflow within the system that could lvad to a
direct discharge to a watercourse;
{c] the discharges from surface water sawers.
Sampling can be contlnuowus, intermittent, or eccasional.
The choice will be dependent upon the following:
{1} the nature of the affluent, and its potential Tor
effect on personnel, the sewerage system, treatment
works and receiving environment;
[2] the methed of astablishing the trade effluent charge.
At present there are a number of parameters, i.e. pH,
temperature, dissolved oxygen, conductivity, rate of

discharge and volume, that can be monitored continugusly.
Cther parameters such as nitrate, total ammonia, chemical

oxygen demand [CODY, biochemical oxygen demand

(BOD] and suspended sclids do not lend themselves 1o

continuous menitaring and, if required, need to be

detarmined in the laboratory.

There are two methods of automatic sampling, as follows,
{i] The effluent is pumped to the sampler and a known
volurne deposited in the bottle. This method usually
raquires a power supply, gither maing or battery,

{ii| The release of a pinch valve enables a sample of
effluent to be drawn into an evacualed bottle. This
method can be used in sewers and enclosed 1paces,

An alternative method of sampling, commeonly used, is by

manual ‘grab’ or “snap’ samples which can be extended

aver a pre-determined period of time,
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16.4 Rodent cantrol

The environment ol a sewer provides an ideal habitat for a

rat. The main dangers associated with rats are as follows:
lal they exploit existing defects in the sewer and thair
burrowing activity can undermine its stability;

{a] they carry disease, the most serious being Weils
disease (leptospiresis] and Salmonella {food poisaning).

The sbjective should he 1o contral the infestation to a

level which iz considered acceptable. This will only be

achieved by developing a planned compaign of poitaning
in sewers, private drainage systems, buildings and other

breeding areas. Hat infostation of sowerage systoms iz 3

univerzal problem and the knowledge, strategy and health

requirements are subject to continual change, In England
and Wales the Local Health Authority and the Ministry of

Agriculture, Fisheries and Food should be approached

befare any action is taken. The equivalent autharities in

Scotland are the Local Enviconmental Health Officer and

the Eepartment of Agriculture and Fisheries for Scotland.

A elassification system should be established dividing the

infested areas into three categories which represant high,

medium and low infestation, Classiflication may be
established from past records but il they do not exist,

or the rat population is believed to have changed, a test

haiting system should be set up.

Hawing established the areas of high infestation an overall

treatment strategy should be developed. This should be as

extensive a5 possible, As complete extermination is
extremely unlikely, treatment should be on & régular basis,
the time period being established by the results achisved.,

Artention should be paid to treastment on baundaries

between authorities and programming should be

coordinated by adjacant authorities. Close collaboration

Is essential between responsible departrments far the contrel

and monitoring of actions taken to be effectiva.

The following two types of poison are in use at presant.
{a) Acute poison which requires anly a single dose 1o
causa death. Examples of acute poisons are sodium
fluoroacetate ancd sodium fluoroacetamide.

{b] Chronic poisans which have to be administered in
small amounis over a period of time, e.g. anticoagulants
such as Warfarin and Macumin,

16.5 Storms and émargencies
Emergencies may occur during heavy storms or thay may
be the result of a sudden rush of water caused by faulty
flap-valves, fractured sewers or watermaing, unexpected
discharge fram swimming baths, réservoirs or factories,
breakdown of control equipmient and the upcoordinated
cperation of control equipment.
There are basic considerations which showld be examined
n arder to develop, plan and coordinate adequate
smergency provisions, and which include the fallowing,
(3} Hazard recards. An up-to-date set of plans of each
sewerape system should be readily available, They should
clearly show the normal flow conditions with flows,
water ievels and overflow provisions indicated.
Hazardous and emergency conditions should be
highlighted and the safe limits of oparation clearly

identified, The waorst conditions experienced thould
also be recorded,

(b} Weather conditfons. Staff should have access 10
accurate meteorolegicel information and local weather
farecasts,

lc) Communications Good esmmunications are
essential, particularly during storm and emergency
conditions, Mormal VHF mobile radio and telephons
systerns may need to be axpanded during an emargency.
Fire, Police, Ambulance, Plant Hire arid Military services
should be considered when developing emergency
procodures.

[d} Emergency training and equinpment. Emergencing
arising from severe weather condition: eall far special
precautions against flooding, alectrical faults and
structural darmage. Regcue operations should be within
the scope of the normal emérgency cover, but special
aquipment such as mobile puemps, generatoss and cranes
may be required, Staff should receive special training in
mock emergercy conditions.

le) Aceldent procadures. Tha risk of injury 1o stalf
involved in storm and emergency operations is likely to
increase, and first aid, rescue and transport facilities
should be available at their specified locations bafare
ermergency operations commence.

16.6 Flow measuremant

16.6.1 Objectiver. Continuous or intermittent

measurament of flows into, within, or out of sewers may

ba required for the following purposes.
{a) To check that discharges into a sewar, or from a
sewer, 1o receiving streams comply with comsent
standards. Whether continuous or cccasional
measuremants are taken will depend on the nature and
varighility of the discharge and on the degree of dilution
in the receiving stream.
(b To ascertain the veriations of flows within foul
sewverage systems and to locate sources of extraneous
water {inflow or infiltration}. Measurements should ba
taken and comparisons mads with the base flow, These
measurements should be taken when the watar table is
high {during the winter], or during a rainstorm to detect
inflow, and for at least 24 h after to detect infiltration.
(] To maonitor flows within combined or surfsce water
sewer systems during the passage of a rainttorm to
calibrate mathematical Mow models.
{d] To manitar the discharges from storm water
overflows.

16.6.2 Technigues A variety of techniques can bo used

for flow measuremant as {ollows.
{a) Critival depth flumer Critical depth flumes will give
accurate flow measurement so long as backwater
effects from dewnsiream constrictions are not present
and silt deposits are not allowed to build up. They ean
take the form of purpose-built structures or insertions
placed within the pipe. They will generally be permanent
or temi-permanent structures. Depth is measurad and
converted to flow uiing a theoretical rating curve with,
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where possible, in situ checks. The main disadvantages
of critical depth flumes are the cost of installation, the
reduction of sewer capacity they eause and head lass
through the flume.
bl The monitoring of depth, The accuracy of flow
migasurement achieved depends on the flow
characteristics of the gauging site. Flow sheuld bo
normal at all dapths (i.a. the watar surface is parallel ta
the sewer invert) and the hydraulic roughness should be
stable, The sewer ehoten shouwld, therefora, not be
atfected by any backwater from obstructions or gradient
changes upstream ar dawnstream, the water surface
should be smooth, and the measuring section should not
be prene to siiting. Such conditions are found more
frequently within a sewer barrel rather than within the
manhole invert. The depth can be measured a5 follows:
(1] using an autematic probe which sanses the water
lewel;
(2} acoustically, by recording the time it takes for a
sound pulse to travel from the transmitter 1o the
water surface and back 1o a receiver |both restricted
to manhole or open channel application):
[3) by the meazurement of hydrostatic pressure an a
bubbler device or pressure transducer located in the
sewer invert. The depth af water can be related 1o
flow by either incorparating it inte an open channel
hydraulic formula, or by measuring velocity and
calcwlating the flow, A depth of water/{Tow
relationship it achieved by simultaneously meazuring
the depth and velocity over a range of fiows,
(2] Continuous measurement of depth and velocity.
Whore backwater effects make the monitaring of depth
alone unrefiable, velocity and depth are measured
simultanesusly enabling discharge to be calculated. The
rmeasured velocity is rmlated to a mean velocity by:
[1] azsuming the measured veloeity multiplied by a
constant coefficient equals the mean velogity;
12} establishing a rating curve and a velocity/depih
discharge relationship (see (b) above];
{3 measuring valocity at a number of loeations in
the sewer reach such that the mean velocity can be
directly caleulated from the observations.

MOTE, With reference 10 telemeny and computer control of
operatian, ses 85 BOOE | Parg 32,

17 Maintenance

17.1 General

Sowerage systems require maintenance 1o aveid nuisance,
1o safeguard public health and to safeguard the structural
integrity of the component parts of the system,
Maintenanca of sewarage systemis includes planned
inspection, follow-up maintenance and crisis work.

17.2 lInspections

Sewers of small diameter located at nominal depths in low
risk areas where the effects of collapse or blockage are
localized and of limited econromic consequence (e.q. in a
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housing estatal, can be inspected and maintained on a crisis
method of operation. This crisis method af oporation will
generally give @ steady workioad on the sewerage
maintenanca arganization with over half the work lseing i
the crisls type.
Such an‘approach cannot be justified, however, on 1he
structurally and hydraulically vulnerable parts of the
swerago 1y stem where tho overall consequences ol serious
dilapidation are far reaching, In sueh circumstance: a
procedure of planned inspection and fallow-up repair and
maintenance is required. Such locations are as follows:

(a) pumping stations;

(b} storm water overfiows;

{c) siphons;

{df] penstocks;

{e] problem sewers;

(f} structurally suspect sowers,
A system of planned inspectlon and routine maintenance
is also required for building wupport structures
{e.g. pipe bridges) and grounds,
Minor cloaning and maintenanee shauld ba carried aut at
the time of inipection and the need for mare major works
should be reported far further attention. Intpection of
sewers should be carried out by remote contral methods,
8.g. closed circuit television, axcept in the case of larga,
man-entry sewers which are suitable and safe 1o enter,

17.3 Routine maintenancs

17.3.1 Cleaning work. Regular cleaning and removal of
deposits by jetting, flushing, winching, running, blaw-
boarding or redding technigues is required in some sewers
and at siphons and ovarflows,

Blockages can be dealt with by either rodding or jetting.
Jetting can result in the complete remaoval of a blockage
whereas rodding can be merely making a weterway thraugh,
which will often quickly reblock. Jatting downstream of a
cleared blockage s desirable to ensure that the restriction
has not been simply pushed forward.

Jetting becomes less effective as the sewer size increases
and the standsrd machines are not effective at dismeters
of 600 mm and sbove. Rodding is slow and dirty.
Catchpits and storm tanks form part of some sewerage
systemns. They require desludging at intervals.

17.3.2 Struetvral maintenance. Maintenance works
required to older sewers include repointing of mortar Joints,
replacement of defective brickwork and pressure grouting
with cement grout. Renovation may also be required and
this may include crne of the various types of lining available
to give structural strength to the sewer,

The location and filling of veids autside, and sometimes at
a distance from, the sewer and ancillary structure may also
have to be undertaken to preserve its structural integrity.
Some brick sewers are beyond economical repair or are
grossly hydraulically overloaded and need to be replaced.
Others are being replaced as redevelopment 1akes place in
innmor city areas. A considerable proportion, however,

will need 1o be kept in service by adequate maintenance.
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17.3.3 Minor repaire and general housekeaping. Apart
from sewer cleaning work and structural maintenance,

4 certain amount of minar repairs and housekeeping work
will always be required to manholes, manhole covars,
overtlow chambers, outfalls, etc., such as replacing worn
covers, step irons, ladders and safety chains and repairs to
manhale banchings.

17.3.4 Mechanical and electrical maimtenance. |n addition
to the routing operation inspection and maintenance af
mechanical and electrical equipment [pumps, maotors,
screens, penstocks), more detailed inspection and
maintenance should be carried out at less frequent intarvals.
This will invalve major overhaul of the plant from time to
fime,

17.3.5 Buiidings, suparstructures and grounds, .B.uilding:
and grounds are an inherant part of many PUI‘I‘ID’IH'H stations,
stofm tanks and overflows. Ground maintenance {grass
cutting, etc.) can be carried out by sowor aparatives,
Superstructures include overground pipes and pipe bridges.
These roguire painting and repairs as appropriate,

17,4 Crisis work

17.4.1 Genarsl Crisis work cansists of clearing blockagos
ind collapses, mopping-up operations and dealing with
electrical and mechanical breakdowns,

17.4.2 Clearing biockages and collapses, Blockages and
collapses occur sporadically with no fixed pattern and can
happen in areas:

la) with old sewerage systems;

{b} subject to mining subsidence;

lel with sewers laid at minimum gradients;

{d} with sewers which have been blocked by tipping of

rulabish.
Sewers which block frequently in the same place should
be identified, and cleaning should be carried out on a
planned basks 10 aveld a breakdown in sorvice,
17.4.3 Mopping-up opergtions, Mopping-up operations
result from flooding and irregular discharges from storm
overflows. Blockages, Tull or partial sewer collopses, and
the general inadequacies of some sewerage systems can also
be responsitle,

17.4.4 Mechanical and efectrical breakaown, When the
breakdown of mechanical and electrical control equipment
DCOUTS @ sewer maintenance organization should be able 1o
underiake necessary repair work, The frequency of the
occurrence of such breakdowns is dependent in some
degree on the level of inspection and routine mainteanance.

17.5 Majar blockage and collapse

The first line of attack with any blockage should be use of
rods, either hand or power operated, and/or high pressure
jetting equipment. Where a blockage is due to collapse of
the sewer fabric such on occurrence is often sccompanied
by wisible settlemant of the ground surface, The collapse
of a sewer, however, may not always result in complete
blockage, and settlement of the ground surface is aften
the first indication of trouble below,

Whenever a major blockage or collapse is encountered all
practicable investigations should be carried out to ascertain
the extent and nature of the problem by use of CCTV,
remote photography or lamping techniques or in large
diametar sewers, direct visual inspection from inside tha
sewver, if possible.
Tha most usual method of repair invalves excavating from
the ground surface, although it may occasionally be
possible to bora out a blockage with hydraulic ar
compressed-air driven equipment frem adjacent manhales,
Where the blockage or collapse is in a deep sewer, the use
of wnnelling techniques az an alternative to direct
excavation should be considered, although this can be
difficult through collapsed ground on the line of the sewer.
Cealing with @ major blockage or collapze often results in
disruption of tratfic and inconvenience to frontagers. The
fallowing procedures and measures may need to be taken. =

(a) Provision of equipment for overpumping, or diversion

of flow.

(b} Pravision of an adequate system of ground suppart

including, where necessary, geotechnical measures such

as dewatering, ground freezing and chamical

stabilization.

{c) Notification to palice, fire and highway authorities

regarding the arrangements of necessary trafiic

regulation and road closures,

{d) Motification to all frontagars and arrangement of

any practicable and appropriate measures to alleviate

inconvenience.

{e} Motification o other statutory undertakers, location

of plant and arrangement of necessary diversions or

IUpports.

{f] MNotification to the appropriate authority where

damage to buildings may occur.

ig] For sewers notin the highway, notification of land =
owner/occupier and negotiation of suitable sccess and
working arrangements. In the case of public sewers in o

England and Wales farmal notice under Section 287 of
the Public Health Act 1938, or Scction 15 of the Water
Act 1973 where appropriate. |n Scotland, clause 48 of
the Sewerage [Scotland) Act 1968 should be consulted.

{h} Where public sewers are involved, compensation may
be payable for damage caused by an suthority by reason
of the exercise of any of their powers in clearing the
bleckage or reparing the callapse.

[i) Property survays to assess the existing structural
condition of property adjacent to the point of collapse
and on the rouvte of diverted traffic.

17.6 Chemical attack

17.6.1 General. The fabric of sewers may be attacked by
aggressive chemicals which may be acidic or alkaline. The
attack may be internzl {usually from trade effluents) or
external (e.g. from sulphates or tip leachates).
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17.6.2 Internal attack. Internal attack occurs in two
distinct patterns as follows.
{a) Direct attack by an agoressive efffvent, Examples of
this ore oz fallaws.
(1} The degradation of cementitious material by
acids sueh as sulphuric and hydrochioric acid, which
are used extensively in industry, and by hydrofluoric
acid from glass processes.
[2) Corrosion of metal safety chaing, ladders,
penstocks, step irans, manhole covers and pipes,
Where there i3 no protection this will occur under
normal conditions in the sewer snvironment but is
exacerbated by aggressive chemicals.
{3} The glaZing of clay pipes may be affected by
flugrides [from glass processes) at relatively weak
pH values.
|4} High alumina coment may be attacked in pH
values greater than B and if caustic alkalis are present.
Use of high alumina cements are not advised in warm
wet canditions whether ar not alkalis are present
{see 5.08,11.
(b} Arrack by the formation of a chemical within the
sewer (iseff. The most comman problem of this type Is
tha effect on cancrete sewers of the formation of
hydrogen sulphide, within the sewage or sewage sludge,
fram sulphate under anaerobic conditions. This happens
froequently in sewage pumping systems with a high
retenition period and in flat sewers and chambers where
sludge settles and remains undisturbed for long periods.
Release af sulphide inta the air {for instance at the
putfall manhoie of a rising main] results in micro-
hiological oxidation of the hydrogen sulphide to
sulphuric acid on the acrobic surfaces. The procass,
which is assisted by the organism Thiobaccillus
Concretivorus, results in the replacement of aluminates
and hydroxide in the eermentitious material by sulphate
and can accur after long periods and over considerable
distences downstream of the point of discharge of rising
maine containing septic sewage. The consaquential loss
of strength causes progressive failure, whizh is
accelerated once reinforcement has becoma exposed.

17.6.3 External artack. External artack generally oocurs
as sulphate attack of cementitious materials by high
sulphate bearing ground water. Leachates from coal and
minerdl working tips or tips containing industrial waste
may exhibit low pH values resulting in the attack of
cementitious materials.
17.6.4 Prevention of chemical attack and remadial
messures. Prevantion of chemical attack may take three
distinet forms as fallows.
{a] A the design stage, by the use of a resistant matorial
and by the avoidance of structural forms and conditions
which may cause, for example, septicity or turbulence,
(b} Remedial measures, as follows:
[1] lining with such materials as polyethylene,
palypropylens, GAP and verious eamposites,

BS BOO5 : Part 1:1987

Section six

{2} renewal and replacement of tha affected material;
painting, rendering and guniting are exampies of this:
(3] the amendment of consant conditions and/or thea
pre-treatment ar balaneing of the effluent belore
discharge to the sewer to prevent further dasnage.
[c] Trade effluent control, by the setting of ressonable
consent conditions and consequential manitaring of
subsequent discharge.

17.7 Trea roots

Roots may travel great distances and depths in search of
maoisture, Sewers above the water table, having only minute
cracks, leaking joints or poorly made fide connections are
prong to penetration by roots.

Having penetrated the sewer the reot will grow to cause an
obstacle and may eventually exert sufficient force 1o break
the pipe. .

The methods which exist for the removal of tree roots fall
generally into two categaries.

{a} Mechanical methods A whole range of cutting tools
exist that can be attached to redding machines or
winches which will cut or tear the roots fram inside the
sewer, Rotary cutting tools are also available that attach
to high pressure jetting machines.
[b) Chemical methods. A range of herbicides iz
becoming available which will inhibit growth in addition
to killing the roots already present. Two af these
chemicals, metham and dichlobenil are baing vsed in the
USA and tests there have proved that such treatment is
far mere successful than maechanical remaoval,
Unless the tree i3 removed completely, it is only 2 question
of time bofore regrowth occurs. Chemical mathods are
claimed to inhibit growth as well a2 to remove it thus
increasing the time before the problem recurs,
Prevention of root penetration can anly be achieved by
sealing infiltrating joints and cracks, ralining or relaying
the offending section of pipe.

17.8 Ground srosion

Ground erozion forming voids or interstices is usually
causad by infiltration of grounchwater into  sawer, but it
can be caused by water main leakage.

The loss of fines from the seil inte the sewer ls prevalant
i strata formed of sands and silts. These conditions are
usally associated with river valleys snd old buried
channels.

Unless the infiltration causing voids it prevented the loss
of material from around the sewer may ultimately cause
its collapse, domage to other servicos, or subsidence of the
ground surface,

Aemedial work to prevent infiltration should include grout
filling of cavities around the sewer. This is a specialized
operation which may be done from inside a man entry
sower or whera smaller sizes are involved by lancing down
from the ground surface,
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17.9 Infiltration and exfiltration
17.8.1 lafiltration, The ingross of water into a sewer
through cracks, leaking joints or badly made lateral
connections may be from roin percelating through the soil
during a storm orf from the groundwater if the sower i
wmporarily or pgrmanontly lower than the water table,
Infiltration ean cause all or some of the following:
{a} increased operating casts at pumping stations and
treatment warks;
[b) earlier captial expenditure on naw plant, such as
LeWErage, pumping eqUipment or sewage treatment
works,
feh increased incidence of flooding:
[d] more frequent up-r.-r.ﬂil:m af gvorflgws:
lel surcharging, resulting in damage to sewers and
manhales;
(4} remaoval of fines Trom the soil causing voids to form
around tha sower;
(g} encrustation.

The location and measuremant of infiltration can ba
achieved by planned surveys of flow measurement or by
observation of night flows following rainstaorms. A suitable
delay period is necessary after the rainstorm has passed to
allow for inflow from rainwater connections 1o pass
through the system.

17.9.2 Exfiltration. Water leaking out of a sewer through
faults in the pipework will usually ocour when the sewer is
abova the water table and it is surcharged, although a
broken pipe may exfilrate in all flow conditions.

The major problem is the pollutien of groundwater and
local streams or rivers. Exfiltration may also rasult in the
loss of seli-cleaning velocities and the deposition of solids
within the sewer. This can result in an increase in
maintenancs costs.

The rise and fall of the locel water table may cause reversals
af exfiltration and infiltration. The effect of this may be 2
pumping acticn which ean accelerate the formation of voids
in sands, silts and clays.
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Appendices

Appendix A. Bntish Standards that are
relevant but not referred to in the text

Tha fallowing ie a list of British Standards not referred to
specifically in this Part of BS 8006, but of interast as thay
deal with closely associated subjects. A list of publications
referred to in the text sppaars on the inside back cover.
BS 4 Structural stael sections
BS 78 Specification for cast iron spigot and sockat
pipes |vertically cast] and spigot and socket
firtings
Part 2 Fittings
85 208  Engineering drawing practics
B85 380 Comversion factors and tables
BS 887  Specification for motor starters and
cantrollers
BS 589 Methods of testing pumps
BS 1211 Specillcation for centrifugally cast (spun) fron
pressure pipes far water, gas and sewage
85 1377 Methods of test for soil for civil engineering
PUITOIeS
BS 2035 Specification for cast iron flanged pipes and
flanged fittings
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Appendix C. Legislation affecting the rights
or duties of public authorities in connection
with sewers

MOTE. Sea AS BOOG : Part @ lor more dutailed nccount of
legislarion,

C.1 England and Wales

Public Health Act, 1936
Public Health {Drainage of Trade Premises) Act, 1937
"t Riral Water Supplies and Sowerage Acts, 1844 10 1871
Water Acts, 1945, 1873, 1983
"t Public Utilitios (Street Works) Act, 1950
*t Coal Mining {Subsidence) Act, 1957
*t Land Power {Defence] Act, 1968
Highways Acts, 1959 to 1871
Radioactive Substances Act, 1950
Highways [Miseellansous Provisions) Act, 1961

Fublic Health Act, 1961

Pipeline Act. 1962

Water Resources Acts, 1963 1o 1971
Town and Country Planning Act. 1871
Local Government Act, 1972

Water Act, 1973

Land Compansation Act, 1973

't Cantrol of Pallution Act, 1885 — Part 2
" Health and Safety at Work Act, 1974

—_ —4 —+ =

® Alsa relevant bn Seotland {iee ©.2).
F Qnly part of the Act relevent 1o sewerage,

* Dumping at Sea Act, 1974
Locsl Government Act, 1974

* Salmon and Fresh Watar Figheries Act, 1975
Land Drainags Act, 1876
Water Charges Act, 1876

"1 Local Government [Miseallaneous Provisiars) Acts,

1953 and 1976
Building Regulations, 1976

C.2 Scotland

All raferences marked with an asterisk in €.1 are relevant
tagether with the following.

Burgh Police Scotland Act, 1802

Public Health (Scotland] Act, 1897

Land Drainage (Scotland) Act, 1830

Rivers (Prevention of Pollution) [Scotiand) Acts 1651/1865
Land Drainage (Scotland) Act, 1958

Flacd Prevention [Scotland) Act, 1861

Sowarage (Seotland) Act, 1068

Land Compensation (Scotland) Act, 16873

Building Standards {Scotland) Regulations, 1971 10 1975

C.3 Northern Ireland

Land Peower [Delencel Act, 1958

Radioactive Substances Act, 1960

Water Act {NI] 1972

Planning {N1) Order 1972

Water and Sewerage Services (Morthern Ireland} Oreler, 1873
Drainage {Morthern lreland] Order, 1973

Pallution Cantrel and Local Government Order 1878
Dumping at Sea Act, 1874

Building Regulations (Northern Ireland) 1877

Haalth and Safety (NI] Order 1978

Appendix D. Compaction fraction test for
suitability of bedding matenrial

0.7 Apparatus
0

D.1.1 Open-ended cylinder, 260 mm long and 160 f; A

internal diameter {160 mm digmeter PV C pipe s suitable).

D.1.2 Metal mmmer, with striking face 40 £ 1 mm
dizmeatar and weighing 0.8 kg to 1.3 kqg.

D.1.3 RAule.

D2 Procedure

Obtain a representative sample more than sufficient ta fill
the eylinder (viz. about 10 kg). It is important that the
maoisture content of the sample should not differ matarially
from that of the main body of material at the time of its
use in the trench,

NOTE. To obtain a representative sample sbout 50 kg of the
proposed maotériel vhould ba hesped on 8 clean surfsce snd divided

L]




with tha ipade down the middle inta two halves. One of these
should than be simitarly divided, and 1o on until the required mac
of sarmpin |n inft,

Place the cylinder on a firm flat surface and gontly pour
the sample material Into it, loosaly and without tamnping.
Strike off the top surface leval with tha top of the cylinder
and remove all surplus spilled material. Lift the eylinder up

clear of its contents and place on a fresh area of flat surface,

Placa abaut one quarter of the material back in the cylinder
and tamp vigorously until no further compaetion can be
obtained, Aepeat with the second quarter, tamping as
bafare, and 5o on for the third and fourth qua rters,
temping the final surface as level as possible,

Meazure down from the top of the cylinder to the surface
of the compacted material. This distance, in millimetres,
divided by the height of the cylinder (250 mm) is referred
to s the compaction fraction.

D.3 inteprotation of results

The relaticnships betwoen compection fraction and
suitability for use s as given in table 7.

J Table 7, Compaction fraction 1

Compaction Sultshility for usa s bedding

frectian

0.150r less | Material suitable

016 or 0.3 | Material suitable but requires axtra
care in compaction. Not sultable if
the pipo is subject to waterlogged
conditions aftar laying

Cwer 0.3 Material unsuitable

Appendix E. Energy losses at manholes
and bends

E.1 Manholes

Tabie B gives values of energy loss coefficient, k. derived
fram experiments an manholes where the sewer is
surcharged. The energy losses when tha sewer js only just
full (i.e. with the flow confined by the manhale banching)
will be less than thoie obtained using these coafficients,
When the manhole inporporates 8 Junction, the energy
losses will be increased and will dopeand on the geemetry
of the junction and on the flows in the branches.

BS BOOS ; Part 1: 1987
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E.2 Circular bends

Table 8 gives values of k for 80" circular bands, flowing full,
lor various ratios of bend radius, &, ta neminal pipa
bore, O,

Table 8. Ensrgy loss cosfficient, k, ot bands
Band radlua’plps diameter
RiD k
-
0.6 1.0
1.0 0.25
1.5 Q.18
20 0.16
5.0 0.18
[ 10,0 ) 0.24

The values given in table 8 spply when the straight length
aof pipe downstream from the bend s greatsr than 30 pipe
diameters.

E.3 Mitre bends

The energy Ioss coefficient, &, far a single mitra bend s
given by:
ﬂ'!
k= —
a0

whers
00 is the bend angle (in degrees).

Table 10 gives the loss coefficient for 8 80° labster-back
bend comprising 4/22.5", 3/30°, er 2/45° mitre bends,

Table 10. Energy loss coefficient, k,
for lobster-back bends

o Af225° | afzo" i /45
Lot confficient &

0.5 0.40 0.45 0.55

1.6 0.25 0.30 .40

3.0 0.32 0.35 0.48

6.0 0.32 0.37 0.50

NOTE 1, & is 1tha cantreling langth of one of the
indivichual thart piecas ol pipe which are all ol
equnl length] lrom which the bend iy meds,

L s the nominel pipe bora,

NOTE 2., Tha values given are for 8 rough pipe;
the loss coafliciants for a smooth pipe will ba
spproximately 75 % of these values,

Table B, Energy lous coefficiant, &, for manholes
Plan shaps Type of manhols
of marhoks —
Streight through | 30" bend &0° band
Rectangular | 9.10 040 0.B5
Cirgular 0.16 LD 0.85
L N e e e Jbb B

7l —
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Appendix F. Closed circuit television
surveys of sewers

Tha companents af § batiec elozsed circwit television UMY
system are as follows:
[a) & purposs-built welevision camara houwsed in o robust
cylimdrical case to lsolate it from the sewer environment;
(bbb a light seurce, often forming an integral part of the
Camera;
(el a multicore cable for a low voltoge power supply 1o
the camaera, standand wave profiles 1o cireuitry, and
tignals functions under remote control;
|d] a camers contral unit for oparation of camera lights
and remote functions {e.g. focussing, aperture
sdjustmant);
[2) a telovition monitor for viewing the survay {this is

commanty incorfporated within the camara control unit);

{f] a comera for taking still photographs of the monitar
IErEen,
Portable systems are available which may be transferrad to
a small wehicle for site operation. Thesa ara not suitable for
prolonged site application under all-weather conditions;
a purpese-built surveying unit then becomes essential,
A purpose built unit bouses the camera control unit and
television menitor in o clean area {darkened to aid viewing),
wherein the survey operator can produce his report and
contral survey progress. Safety eguipment, manhole cover
lifting gear, generators for powering survey equipment,
a winding drum to stere the camera cable, winches and
ancillary equipment will be housed i a separate area.
Muore sophisticated companents which are incorporated
into tome fystems andfor included (n the seeviee of soma
contractors include the following.
111 A device to measure the distance progrossed by the
camira, and 1o provide o continuous display of this
reading at the control unit.
{2} The facilivy to display alpha-numeric dats on the
television monitar, This is commonly used to display
sewer dismeter, location and @ contract reference
number. I may also be linked ta a distance
maasurement device and incorporate a digital clock.
Additional infarmation such as sewer flow and survey
diraction may slso be shown.

(3} A range of interchangeable viewing heads to tailor

the camera optics and lighting to different sewer

diameters.

[4) A video tape recorder with which to record an entire

survey or relevant extracts,

{6} A salf-traction devica upon which ta mount the

camera o5 an altarnative to towling through the sewar

using & winch.

(8] In combination with the television camera, @ remota

eontrel photographic camera,
Tha survey operator either controls survey progress
directly in the case of tractor surveys, or vis communication
{often UHF radie) with a remote winch operatar. Tha
camera can be halted at points of interest, the operator
recording his observation against the distance progressed
and (if in use} the position reached within a spool of video
tape. A writien survey report should be prepared; the audio
track of a video tape recorder may be used for a
supplemantary verbal commentary. Tha oparator ean take
photographs from the television monitor; these are
generally of lower definition then those taken from the
insertion of photographic cameras into the ewer, In
madern systems, the length of sewer negotiable in one pass
is limnited only by the distanck a line can ba threaded, of,
in the case of tractor surveys, by the distance ovar which
wraction can be maintained. In older designs, distances may
be limited by signal/power loss in cables and cable weight,

Appendix G. Symbols for use in record
maps

G.1 General

The information in this appendiz is taken from "Sewer and
Water Mains Records. Standing Technical Committes
Report Mo, 26° (23] and shows the symbols, eolours

and abbreviations for use on 1/1260 and 1/2500 scale

record maps.
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G.2 Sewerage

Privain sewer

Public 1ewser
[imeluding Sectian 24°)

blgan (trunkl sewesr

Sewenrs ovirr 1000 mm

Migirg makn

Abnndonsd sewer
Prapoued vpwar
Elevated tewer

Ciglwir 1] walSrcourse
Highway drsin

Section T84 Sewer®
Direetion ol Tlow

Easmiment

Manhale

Backdrop

Side @ntry

Bisng shalg

Went

Vent columa

Lamg hole
Walertght dadar

Flushirg chamber

Pensiock chamber

Dinmboardi

* cpctions 1B and 24 are Secilans of thie Public
reguitition lor adoption ol sewers and with the

Feul

Surlscd weiar
Caomiined

Faul

Surlace waier
Cambinad

Faul

Surface watim
Combined

Foul
Suriace weigr
Combined

Faoul and cambined
Surhncn water

Foul and combined
Surlace waler
Faul and sombined
Surince water

Foul angd combined

Surlece walnr

Maon entry

MNan antry

- —_—

ELEVATED
WATER COURSE
HIGHWAY DRAIN

—  em—— m—

518 §14
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0,2 mm chein dok lins: 10 mm dashes § mm aperi,
dots cenired beneeen dathes

0.2 mm chedn line: B mm doshat 3 mm spart

0.2 mm cantinuous fine

0.% mm chain dot line: 10 mm deshes & mm spart,
dota centrad babwesn dmhes

0.5 mm chaln line: B mm dashes 3 mm soert

0.5 mrm cantinuous ling

1.0 mm chain dat llae: 10 mm dashas B mm apart,
dots ewntred be nwesn deshes

1.0 mm chain lina: B mm dashes J mm spert

1.0 mm continuous fine

Ciptional, Pencil shading between linm

Arraw shiows direcrian of Maw

0.2 mm, 0.6 mm or 1.0 mmo e appegpiala

Poncil line. Style as sppropriate
Lirmg weight and stvls sz appropriaie

5 mm deshes 3 men apart, 0.2 mm, 0.8 mm o
1.0 mm agcording to imporience
5 mem doshies 3 mmoapert, 0.2 mm, 0B mmoor
1.0 mm secording to imgortance
0.5 mm line, Style & appropiiste

0.2 mm. Lines denote width of asssmsnt

Hanlth Act VS0, dealing respactively with tha loeal authosigiar’ powars ol
ir pownrs 1o recover the costs ol maintenance af the snaEr.
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Srorm averllow [weir) 50 ..-'L
L5 %  Low sice weir -
HS = High sice weir
5P = Srilling pond
YT = “arox
5Y = Syphan
SA = Surcharge relief

Cawcarde mﬂ-c

Gauging point _-..-_-._EF

Change in size ather than manhaly 150 | 100

Yalve

EmpLying valve +*-_;:__ 0.5 mm line

AR wR vl on rising rmaing ‘ ;
Haich box —‘L.—_.&

Aeflux walve —-"‘l_"‘_

Flap valve |
Crariall E EY

E]

Byphan Foul and cambined —a
L]
Surface water R s

U of calour
IT it sz required 1o sdopt colour o enhance the presentation of the maps le.g. Adoptions. PUSWA design, etc.| the following
colowry should ke usad,

Foul wWeETer Evwer — Browen
Surlace waler yewer — Dark blus
Cambinegd yeweer = Had
Watercouries ~ Light bilus
Bulicing over/Emements = Drangs
Property not conmected — 7ol low

|rtn llations (Al ingiallatians should Be named andlor rel eronce number quated )
Pumping S1ation ‘
Sewagn njecior ‘EJ

Sewage trosiment works Line delineains site boundary

Motes along pipalines

7153 vVC o0 [1950]
‘h & Dismeter, material, gradiont [yaar laid)

Circular pepeling 133

GO0EGG BA yuoolarsh ; ; -
Oeher than cireular i g 2 Jg . 2 Dimensions, shape, material, gradient [voar lnid)

For prenaurd poied J08 walEr maing

Names of pewais
The title ol the sewaer and branch thould be shown in full whenever space permitg, othenawise it should be sbbrevisted,

Dimensions
All grpa dimensiont are 1o be somingl metne (e.g. 12 inches = 300 mm| excepting lor smperial rising mains wihich shauld continue 1a
be laksetfed in inches,
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Lervnls

Tha cover Invel and invert fovel of the ougoing pips should be printed alongside the manhole thus:

Wheon an incoming pipe onters via o backdrop, the invert lovel should be written slang the incoming pipe thus:

Lovels showld bo in metres and releted 1o Ordnance Survey [Nesdyn) Damum

Aot drered B s b

Relerencs rumbors ihould be enclosed in an ollipse thus:

G.3 Materials

Alkatheno
Asbestos-coment
Brick
Can lron (pipes only]
For plate construction add PL.
For segment construction add SEG.
Spun (Grey] lron
Concrete
Conerete Segments Bolted or Unbolted
Conerete Box Culvert
Ductile lron
Glass Reinforced Concrate
Glass Reinforeed Plastics

AK
AC

i

sl

co

CS (B)ar G5 (U]
cc

(o]

GRC

GRP

Plastic/Steal composite
{Unplasticizetd] Palyvinyl Chioride
Palyathylene

Roinfarced Plastics Matris

Steel

Vitrified Clay

G.4 Linings

Cement
Bitumen
Resin
Plastics

BS B0OOb:Post 1:1987

Appondix G

\.{r:ﬂ:
131-00

£,
X
oF
.’d"b;-:;'ﬁﬂ

PSC

u) PYE
PE

APK

5T

Ve

cL
BL
AL
PL

faw-uo

When other materials are used for linings the suffix 'L’

should be used.
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Index

abbreviations

AfSpipes 5.2.3.3

ECcodi 10 manholes 11.3.0
asbesioicement pipes 5.2,2.2
Admmiral iy Lide tables 85 0005 | Pary 4
adoptean 161

apgrogates. 5.5.2, 5.7.3, 5.B.]

air a1 13,3

air welhve B5% B008 . Part 7

archarage BS BOOE © Pair 2

backlilling 126

backdreps 8.8, 11,18

bactericlogical infection BS5 BOO5 : Part 4
balancing 7.4
badding Iaciari
blockages 17.6
bBlocks &40
box culverty 52,25, 10.4
bricks 510, 11.3.4

10.2, 1abie 4

catehmeang area 2.0, 8.1

gatchpits 11.2.89

cermant 561

chemicel arack 517 17.6, akle 1
clay pipes 5.2.2.3
Colebrook-White B3.1

combined sewers §.2.1,9
campactian lraction test 552, sppendix O
eoamproiied sl BS BOOE : Pare 2
concrete 531,56 57, 11.3.6
concrete pipes . 5.2.2.4, 5172
construetkon 13

eantral lpumps) BS BODES ;| Part 2
cormmaiod metsl piped 5203
corugated liner plaies 52,34
Crimp and Bruges 7.2,1.1, 831

concrete protection lar pipes 1266
DN 1.4

deep manhoies 11.2.5

dapth ol sowers 8, 1662

design 6.1, 10

dasign staem  7.2.3

development 4.1, 443

dewnteting 12,4

ciry waather llow 9.7

ductite iron pipm 52,13, 5.97.3

grpcyments lies alio legisiation)
BS 8005 Part @

emergencies 16,5

emergency overflows (pumpsl 165,
BS BOOS @ Part 2

erergy losses  appendis E

eaeavation 13,7

exlifirotion 17.8.2

sxisting servcoe 6.4

lngtor ol salety lsirugturald 10,1
financisl assessment 6.4

ligherses BS BO05 © Parg 4

Hemible pants. 521, 12.7.1
Nexble pipes 5,23, 10.5, 12.9.2.2
linod itudies repore 7,31

flow memsurament B 1.3, 166
flumes 16.6.2

fluthing ®.11.2

laul sewage 5

glass rentarced concrote plpes (GAC)
5225

glais reanforced plastics pipes (GAF)
e

grodients 551, .6

granuler bedding figures 1 and 2, 5.5,
126.5

grey iron pipes §.2.2.7

ground investigelion, eretion 6.3.3, 17.8

pround watar B30

tround srahilization 123

Qullioe 5.16, 17.8.2

wouti 5.8

handraile 5.14

hazarde table 1, table 5, 16.2.4

HOPE pipex 5.2.2.6

hend fosses B4

hendings BS BOOS : Part 3

roslth and safoty V6.2, BS G005 Pari @

hydraulic design 8

hydraulic grodiont 210

hydraulic roughness 8.0

hydragraph 7.3

hydragen sufphide 11.2.7

Industrial effluenis 4.3 9.6, 16,3,
tnble 4, BS 3006 : Part 0

intilveation 6.3.8, 13.6,17.91

impervious sreas 7.1, 1.3

inspactions 17.2

invaring sighen 2.1Z, 8.9

Iralamd — legislation BS BOOS - Pare O

wan pipes BT BE2.32 6517

jncking BS BOOS6 : Par1 J
jeinting 12,7
joints 6.2, 12.7.2
Junatiam manholed
junctiors  12.8.1

1123

ladders 5.12

lamghaoles 11.2.10

larn@ing wirvays  14.2.4

lond drainsge BS5 8005 : Pary 0

loyeuy of tymeme 8.5

legistation appendix C, B5 B00S - Pary O
lovels 14.2.6

Lioyd-Devies {Rational} formuls 7.2,2
location af yreears B.5.5

matntenance 153, 17
manhols 213,53, 11, 11.2,12.9.4
manhale covers snd framas 6.4
Manning equation B.3.1
maoierish &
memsorological records 7.2,
05 8005 ; Pari 4
miardng subsidence 1064
martar 5.7
motors BS B0OS : Parc 2

nEv fowrnd 421, 443, 85 BOOS : Part O
nosminal sige {OM} 2.4

nudisened  BS5 BO0S : Pas 2

operation 15.2, 16

partinlly separate sydlems 62,1
penitoeks B2

parcentiin peakedness 2.5
phosing af sehemes  §.4.2

milos and piars  10.6.3

pipes 5.2

pipe bedding material 5.5

pipe laying 12.6
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