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CP 310 : 1965
" This_Code of' Practice, has;been: prepared by ‘a; Commrttee
' convened by the Codes of Practrce Committee for Building.
Having been endorsed by thi Conncil for Codes of Practice,
it was published under the authorrty of the General Councrl
on 10th June, 1965 . :

First pubhshed November, 1952
First revision, June, 1965.

This Code of Practice makes reference to the- folowing
British Standard Codes of Practice and. to the Brmsh Stan-
dards listed in Appendlx C:

e it i R e By f . G e AmcmE o e i - -

CcP99.  Frost precautions-for: water servrces. By _

Cp 324.202. Provision of domestic eIectrlc water-heatmg mstal]atlons

CP 332. Selection and instailation of, town gas space heatmg )
- ‘Part 2. Central heatmg bor[ers for domestlc prem:ses

CP 333. | " Selection and mstal]atuon of town gas hot water supphes. 3

.

' Part 1.  Domestic premises.
Part 2. Schools. ’

CP 341.300-307. Central heatmg by Iow pressure hot water

CP 342. - Centralized domestrc hot water supply ‘»
CP 342. -“:ACentralized hot water supp]y | e

Part 1. .Individual dwellings. e B
CP 402. Fire ﬁghtlng mstallattons and equtpment IR

CP 402.201. Spnnkl°r systems
CP 403.101.  Small boiler systems ‘using solid fuel

CP 413. Design and construction of ducts for servrces
CP 2007. Design and constructton of reinforced and prestressed
- concrete structures for the storage of water and othet aqueous
liquids. - - _— el
CP3006. = Central” heatmg for domestlc premlses SR
Part 1. Low" ptessure forced c1rcu1at10n hot water f small

el ,\,,_‘l_ ; . “

bore) systems

British Standard Cades of Pracnce are revised, when mces.s'ary,
by. the issue either of amendment slips or of revised editions. It
s tmportanr that users ascertain ‘that they are in possession of
the latest amendmems or edmons.

.- . e e e e vamh—e e wan . R . ) . . .

“The followmg B S.L. references relate ' to the work on" thls Code of

Practice: . = i
‘Committee réference” BLCPIZT \:.Draft.for comment D63/10195 -

o
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. | ‘ Pagei,
‘Becommended rates of ﬂow at vanous ﬁttmgs RS
or apphances L e 3g
Loadingunits . . . i 53
. 4. Equivalent pipe lengths T e '-‘¢54'_ I
~ Loss of head: through draw—oﬂ‘ taps and ERCra
equivalent pipe lengths’ G 85T
Best operating pressures and ﬂow obtamable for e
jets for fire fighting - | e
End thrusts and radlal thrusts on bends m e
. mains - SRR > SR
| Spacmg of ﬁmngs for mternal p:pmg 62
Maximum ° permmstble lengths of hot water"-,*__-.' LA
draw—offplpes R % ST
Minimum tlucknesses for thermal msulatmg-'g-ffr‘j
‘materials . XA
. Examplés of some commonly used msulatmg.;if ERT
materials o 64 S
o ‘APPEN‘DICES‘ T
Pipe smng o RERRRPEIREI. « R
. Tables6to1l = - T T 56
‘List. oantish Standards R P
FIGURES ST
L ‘;,Loadmg units and desxgn ﬂow rates s )
2.'- Pipe sizing chart (new pipes)". L 58
3

. Head loss through B.S. 1212 ba]lvalve sweats 59_'_‘
4. Head loss through stopvalves - 60

" This Code of Practice represents a standard of good pmcﬂce, but.
compllance with it does not confer Immunity. from relevant legal -

. requirements, inciuding hyelaws. Attention is, however, drawn to
the fact that in certain'byelaws, notably thuse Building Byelaws
based upon one of the models issned for England and Wales and
for Northexn Ireland, and in the Scottish Building Regulationg,
compliance with the provisions of certain British Standards or
British Standard Codes of Practice, or of speciﬂc clauses therein,
. is * deemed to satisfy * the requirements of certain of the byelaws -
in the fields covered by the British Standnrds and Codes of ‘
Practice, or by the specific clauses referred te, .

NOTE. In place of the customary, but incorrect, use of the pound
* a8 & unit of force. the unit called a pound-force (abbreviation Ibf)

~_has been used in this Code, It is that forze which, when acting on a
body of mass one pound, gwes n an acce!eration equal to that of
atandard gravity. - -
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f e A e L RO By A

BRITISH STANDARD CODE OF PRACTICE CP 310 =~ .

WATER SUPPLY

S hEn

L

INTRODUCTION S
This Code is a complete revision of CP 310 :,1952; together with. additional |
matter, including references to plastics piping, pumping, supply to tall buildings -

e S g A e

and an Appendix on pipe sizing, =~ - . | | L -
The Code is intended to give guidance to engineers, architects, surveyors .- - -
and contractors, and should be of interest also to the water user, particularly *
where large premises are concerned. - L
The greater part of the Code deals with the storage, distribution and use of .-
water in premises. The supply of water is normally to be obtained from the
lecal statutory water undertaking, but for completeness the Code also. deals in * -
a general way with private sources of supply and the treatment of water, It'is
recommended that expert advice should always be sought in relation to these -
latter matters. _ o ST o

Al O T S

Dl

= ae ),

P M T R AN B NG N

o
[ T ) '

i

| SECTION ONE: GENEFAL

161. Scope, This Code deals with water supplies to' houses, schools, offices, =
public buildings and industrial premises from. private sources such as springs,=. -
2 wells, boreholes, rivers, etc., or from a statutory. wate'r"under;akir'lg. A
The scope of the Code extends from the source of supply to the point where
the water is drawn off for use, including storage. It does not cover all aspects of
water supplies for fire fighting. EE SO

,.I R
162. Definitions. For‘the‘purpo_s'e.s of thjsCodethe follbWin'gjﬁéﬁniti‘d;llé ap'.pi'l‘y:‘: |

Capacity . . (Of a cistern.) The kcap_acitj‘( of tl}: cistern measured up to-
N the water line. DR S . -

. "I/" ‘ )

. . . . . ‘ : o .rn/f" ‘_I o ) .. ' e -

Cistern .- A container for water havitg a free water surface at
- atmospheric pressure. R g '

,DiStributin} plpe S A pnpe con\}éying water f;Sm a cistern, a\ﬁdunder_ preSsuré B
- S from that cistern. R . '
B oo . 1 - -
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S . i '.

F:ttmg ; _ Anythlng ﬁtted or/ ﬁxed m connecuon w1th the supply, 1
measurement, control dxstnbuhon, utlhzatlon or drsposai -

Of ‘Natel’. J.‘.: :".‘\ ”.L ..;l 1‘ oo NI

R NOTE 1In the, Water Act 1945 and in the Model Water Byeiaws. :
R 963 edxtlon. the term | water. ﬁttmg is’ mterpreted as fol!oWS' ‘
. “Water ﬁt.mg -includes p:pes (other than mams}, _taps, cocks, ,valves '
:errul\.s, meters,tcnste-’ns, balhs, water-closets, soil pans. and other
' s:m:lar apparams used m ccnnectlon.w:th,the supply and use of :

. ) _I ch.tEI'.“ S . PR C
Hot water cylmder A closed comamer for hot water u-lder more than_atmo-

_Hot water rank : spher pressure.

NOTE Cylmder m thv '

Main | A plpe for the r:enera,l conve yanee r-ftwater as: djstmct from |
the conveyance to mdmdua] premlse., o

Potabie. L S‘uxtable for dnnklng and culmaf}’ PUrPoses. | o
- Service _- : | A_ s,..cem of plpCS and ﬁttmgs ins any mdwxdual premxses
Service pipe | So much of any plpe, fo" supp ymg water from a'mam to .

any prem]ses, as is: subject to - water pressure from that:
' main, or would be S0, sub]ect but for the closmg of some

| stopvalve. _ T o
Spill-over level “The Jevel at Whlch water in'a samtary apphance will ﬁrst
o sp:ll over i¥.the rate of inflow. exceeds the rate of outﬂow. Ok
through the outlet- and any overﬂow h;. 0 est
Water line o A hne marked ms1de a c1stern to mdlcate theLwater level

at wh:ch the ballvalve should be- adjusted to shut oﬁ'

103, Prehminary mvestlgatlons.. 2 L S .
AR a (‘eneral There ‘should be close c;;]]aboratnon between the approprxate
"+ ’technical advisers, the local water. undertakmg, ‘the- locai authonty and- other

' m.erested part:es. The pnmary mformatlon needed i 1s. e g S
1. the estimated. daliy consumptlox.,end the maxmlum ﬁow requu'ed per
mmute"._\( - S

2. .the sufficiency and quallty of the avallable supply, R

7 3, the qualnty desired; and'the. treatment necessary, . :;f R
2. 4. the elevation at which:the supply 1s requlred o
5. the torage capac1ty requlred e ‘7 " ]

_‘.-..,‘\

| 'Bulldmgs should. be dessgned to enable water semees to be lnstalled m: )

(R4
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accordance with the recommendations of this Code and the necessary consuita-

. tions should take place at an early stage in the work; e.g. where substantial
water pressures will be required at appliances which must be supplied through
cisterns, provision should be made for housing the cisterns at a sufficient height..

When it is necessary to cpen the highway or ground for pipe laying or- .
other works, the necessary notices, drawings and documents should be lodged =~
in good time with the appropriate authorities, public utilities, landowners and
any other interested parties to obtain their consent. .. .

%
=

SRRy e
ALy SRR e

Fo
d *.
TRCY

b. Supplies from a public water undertaking. When the water suppiy is to be
obtained from the mains of a water undertaking, the byelaws of the undertaking
shall be strictly observed. There should be close collaboration between the
consulting engineer and/or architect and the water undertaking from the earliest
design stage. - o : SR

T+ will often be advantageous to seck the undertaking’s approval of the
details before proceeding with an installation, so avoiding the risk of condemna-
tion after the work has been done. Drawings should be prepared as soon as
possible in order that the installation may be co-ordinated with other services.

Some water undertakings require a consumer to take his whole. supply -
through a storage cistern except water for drinking, Others do not require -
storage to be provided except in feed cisterns for hot water apparatus.” . S

The printed forms issued by the undertaking for use by the contractor and
the building owner should be obtained. These will probably comprise the .
following: . ) : \ | IR o

1. application for a supply of water, S

2. request to lay a communication pipe from the main to the premises to be

supplied, i . o e

3. notices that the whole or part of ‘the service is' complete and ready for -

inspection by the undertaking. = o ol

Proper completion and timely submission of these is advisable if delay in
obtaining the supply of water is to be avoided. SR o
The undertaking may require the supply to be taken and paid for by metar,
in which case an agreement may have to be entered into by the consumer, e -
application should state the size of pipe on which the meter is to be fixed, the
estimated maximum demand in gallons per minute and the estimated quarterly =
or annual consumption in gallons. | R T
* Communication pipes are usually laid by the water undertaking at the
building owner’s expense. Where the undertaking permits the contractor to lay
the communication pipe, the connection to the undertaking’s main will usually
be made by the undertaking alsc at the building ownes’s expense. Any under-
ground piping may have to be inspected by the. undertaking before being
‘covered in, ' o o
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'Where the new services are so situated that it will be necessary for the water -
undertaking to lay new mains or extend an existing main, full information
about the proposed building scheme should be furnished as early as possible to g
the undertaking. Site plans will be required showing the layout of roads, foot-
paths, buildings and boundaries. Normally the undertaking will not lay a main
until the finished line and level of road or footpath are indicated on the site.

In cases where the expected annual income in water rates from the new
services is insufficient to zeach a prescribed fraction (usually one-eighth) of the
cost of providing the necessary water mains, the water undertaking may require
an agreement to be entered into guaranteeing a certain annual income, and this
agreement will have to be executed before the mains are laid. The undertaking
may also require the deposit of a capital sum of money as security for the
payment of the guaranteed sums. N o

¢. Supplies from other sources. Abstractions of water from sources such as
underground "strata, rivers and streams or watercourses, lakes and ponds,
whether natural or artificial, are regulated in England and Wales by the Water"
Resources Act, 1963*. Such abstractions are subject to licences issued by the
appropriate River Authority, but licences are not required: (1) for abstraction
of water fiom underground strata by an individual for the domestic purposes
of his household, or (2) for abstraction from other sources: by an occupier of
land contiguous to the source for use on that land for the domestic purposes of .
his household and for agricultural purposes other than spray irrigation.

The Act also regulates the construction or extension of wells and borcholes
and the installation or modification of pumping machinery, ; otner than for
abstraction by an individual for the domestic purposes of his household.”

Any proposal to abstract or increase.abstraction of water from natural -
sources, other than abstractions not requiring licences mentioned above, should
be discussed with the River Authority and legal advice should be:taken if-
In the case of wells or boreholes, it is advisable to refer to a geologist,
preferably one with a knowledge of local conditions, who would if necessary
consult the data obtainable from the Geological Survey.-It'is particularly
important to explore all sources of local information, and to make particular
‘reference to owners of similar sources of supply in the vicinity. )

104. Working drawings. The builder or plumber should be provided with
working drawings of the water services showing clearly on an appropriately
large scale the position and full description of appliances, pipe-runs, valves and
other fittings, methods of fixing, protection, and all other information which

may affect the functioning of the system.

- ® As from April fat, 1965,
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SECTION TWO: STANDARDS OF MATERIALS,_,AND'FI:‘ITINGS“

201. British Standards. All materials and fittings used in the construction-of
any of the works described in this Code should comply with the Jatest edition
of any applicable British Standards*. Details of the relevant standards are given
in Appendix C. |
Where no British Standard exists, materials should be of the best quahfv
and workmanship, and should be open to inspection by the purchaser at the‘
manufacturer’s works before despatch.

SECTION THREE: DESIGN CONSIDERATIO\IS

SUBSECTION 3A: SUPPLY
301. Underground water.

a. General, Underground water may be obtamed from relatrvely shallow Lo
wells or from deep wells or boreholes.. - v ‘
Before permanent pumping plant is mstalled a test should be made to
ascertain the pumping level which is necessary to obtain the required quantlty .
of water, Due regard should be pald to the seasonal variations of water level, -
which may be very considerable in some Iocahtles ‘Storage is necessary if the
rate of peak demand exceeds the safe pumping rate. - |
Nearly all underground waters are hard, though the degree of hardness '
varies greatly. They may also be saline or contain minerals in solution, rendering
them unsuitable for many purposes. It is essential to obtain expert geologrcal-
and engmeermg advice as to the probability of obtaining water, and the opmzon
of a qualified analyst as to its surtabrhty for any particular purpose. o
Where a well or borehole is to be sunk more than 50 ft deep, reference
should be made to Section 7 of the Water Act, 1945, and Section 4 of the Minerals
..(Miscellaneous Provrsrons) Act (Northern Ireland), 1959, for directions as to
the compulsory records to be kept of the strata passed through, etc.

'b. Water obtained from _permeable subsazls. Water obtained from gravels or
other permeable subsoils exposed at the surface.of the ground or at no great
depth below it, is especlally liable to local pollution, and should be protected as .-
far as possible therefrom by restricting the use made of the surrounding lands.

It should even then be regarded wrth SllSplClon and a constant watch kept on

¢. Wells and boreho!es. Wells and boreholes must be of such size and sunk
with sufficient accuracy to allow the pump or pumps to’ be properly installed,

* For complete ordermg mstructmns to supphers, it is necessary to consult copies of the
Bnt:sh Standards concerncd ' .
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and the degree of verticality required may be greater when the latter are driven
from the surface by propeller shafting. If more than one pump is to be installed,
i~ it may be cheaper to sink several boreholes instead of one of larger diameter.
. :Foul air may collect in wells and boreholes, and they should not be

~ entered without dué precautions. Foul air may be discharged at the top

" . 'by a rise in water level, and adequate ventilation should be provided.

 d.Adits. Additional water can sometimes be intercepted by driving ‘adits’
or headings from a well in a horizontal or inclined direction.

e. Artesian wells. Wells and boreholes may be sunk through impermeable
strata, to obtain water from lower water-bearing strata which receive water from
rainfall percolating at a distance and at a higher level. The water js then held
down by the upper impermeable strata and, when these are pierced, may rise
considerably or even overflow under pressure. Such weils are known as ‘ artesian
welis °. | )

~ Artesian wells which overflow at the surface, if only at certain seasons of the
year, should have the lining tubes well grouted into the impermeable strata.
The flow should be controlled by valves, to prevent the discharge of more water
than is actually required. If this is not done there will be waste of underground
water, and in time a lowering of the water level to the detriment of other users.

f. Linings for wells and boreholes. All wells or boreholes, other than those
specificelly intended to obtain their supplies from subsoil water, should be
lined with brickwork, concrete, cast iron or steel to a sufficient depth, not oniy
to support unstable strata but also to exclude subsoil water or that from any
substratum which for any reason it is not desirable to use. The space behind
the lining should be cement grouted or otherwise dealt with to ensure that the
water to be excluded canhot pass down behind the lining and enter the well,
and also to provide a permanent lining in case of corrosion of a metal lining.
Until permanent protection has been given the linings should extend above
‘ground Jevel so as to prevent surface or flood water entering the well.

In such formations as chalk, limestone or sandstone, it is usually unnecessary
to line that part of the well or borehole from which the water is obtained, but
in sands it is essential, o far as possible, to keep back the sand and at the same
time perniit the water to have free access. A double lining of perforated tubes,
of such relative diameters as to leave an annular space between them not less
than 2 inches wide, which is filled with pea gravel cr graded filter material has
often been found to be effective. An alternative method is to use one per-
forated tube at least 6 inches less in diameter than the borehole, and fill the
annular space between the tube and the strata.

302. Springs. Springs have a variable flow and may dry up completely in years
of drought; consequently, some storage is usually necessary. Inquiry as to the
known minimum flow is therefore essential in order to ensure a reliable supply.
Unless a reliable record exists, including the flow in dry years, a report from a
geologist is recommended. Every spring owes its origin to geological conditions

12
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and a study of these will throw much light upon its value as a source of water
supply. con ‘ B N
Springs are liable to pollution and, in studying the geological conditions,
consideration must be given to any possible sources of such pollution.
303. Brooks and rivers. Water in brooks and rivers is likely to be polluted.
Rivers flowing through lowlands have probably received serious pollution at’
many points, and the degree of * self-purification ’, natural to all flowing streams,
will to a great extent depend upon the distance from the last point of pollution
to the point of abstraction. B - : o
All water taken from streams for potable purposes should receive purification’
treatment and may require treatment if used only for non-potable purposes.
See Clauses 306 and 310. A S
Where water is abstracted from a stream, storage may have to be provided to
allow for natural or artificial variations in the rate of flow of the stream, per-
mitted rates of abstraction and intermittent pumping. - | o A

304. Ponds and lakes. Ponds and lakes which overflow to a stream are in effect .
part of a brook or river, and if required as a source of water supply should be . .
considered as in Clause 303, | S

305. Rainwater from roofs. To provide for supplies in drj weather, adeQuate

storage tanks should be installed. The capacity required will depend on the
consumption, size of the collecting area, and the incidence of rainfall.
Variation in annual rainfall may often be 40 per cent or, in an extremely
dry year, even 50 per cent below the average. Reliable figures of annual rainfall
at any particular place can be obtained from the Meteorological Section of the
Air Ministry. o | -
An inch of rainfall is approximately equivalent to 50 gal from 100 square feet
of roof area {measured on plan), but at least 25 per cent should be deducted to
allow for loss by evaporation or by running the first flush to waste. |
If the roof area is insufficient, it may be augmented by the construction of
artificial catchments, consisting of corrugated iron or preferably corrugated’ -
asbestos-cement sheets, laid to a small fall and discharging into filters and
storage cisterns. Tndeed, it is desirable in the case of any supply, beyond that
for one small house, to construct such catchments and reserve them for better
quality water, This has the additional advantage that greater use can be made of
the roof water owing to the reduced necessity for dealing with impurities therein.
‘Roofs and gutters become fouled between rains and an interceptor should be
provided to pass the first flush of water to waste. S
Rainwater will almost certainly be polluted after collection from roofs and
other catchments; it should therefore be regarded as a potentially dangerous
supply for potable purposes and if so used should be treated accordingly. Rain-
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water will dissolve lead and lf used for potable purposes must not have contact
with roofing lead or be conveyed in lead pipes. , .o

Rainwater storage cisterns should either be constructed underground or, if
above the surface, should be well protected against heat and frost. They should
be sited 50 as to be free from any possible pollution. They shouid also be formed
with compartments which can be’ separately dralned for cleamug Al

306, Water emmmatron. The suxtablhty of a water for any. partrcular purpose
can only be determined - after appropriate -chemical and/or bacteriological
examination, and an investigation of the.source of supply and its hlstory This
may include a geological investigation. A laboratory examination of a single
samiple of water, however favourable the result, does not ]ustlfy the conclusron
that the supply is of rcliable quality for potable purposes.

Intcrpretation of results and standards of quality. _vary with the nature and
source of the supply, and the water examiner should be made aware of all rele-
vant information concerning the source. His advice should be sought as to the
frequency of examination of the water. :

307. Sampling San 1plmg is skilled work and should be done or arranged for by
the water examiner. Sterilized bottles are used for taking samples for bacterio-
logical examination; for chemical analysis a sample should be taken in a
* Winchester * bottle (with glass stopper) hoiding approxrmately half a gallon.
The technique of sampling is given in Section VII of the Ministry of Heailth
Report No. 71 (H.M. Stationery Office), together with a schedule of information
which should be supplied to the water examiner about a sample and the source
from which it was taken, :

308. Standards of quality. The purpose for which any water is to he“used dater..
mines the quality required. Water for domestic purposes should comply bacterio-
logically with the requirements of Section VI of the Ministry of Health Report
No. 71. No standards for the physical characteristics and the chemical com-
position of potable waters have been established in this country, but colour,
clarity, odour and taste, and the results of a chemical analysis will all be taken
into consideration by the water examiner when advising on the suitability of a
water for a particular purpose. A water may have characteristics, such as colour
or hardness, which do not affect its potablllty but may make it unsuitable for
nther purposes. A water may be corrosive to pipes and fittings, or may give
rise to deposits in boilers, hot water pipes and utensils. Waters which dissolve

lead, called * plumbo-solvent * waters, can cause lead poxsonmg if used with lead Vi

pipes or lead-lined cisterns.
Water for industrial purposes ‘may need special treatment to produce the
quality required by the industry.

369, Pumping. Pumps have to be used to move water from one point to another

-,
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- when there is msufﬁcxent head avallable. Pumpmg usually faﬂs mto ong of foor
~ main categories: - _ .

1. Abstraction of water frorn sources S

2. Pumping from sources or treai‘ment plant mto storage or dn'eetly mto
distribution. - :

3. Re-pumping, i.e. drawmg water from a reservoir or storage ta.nlc mto'f' o
which it has already been pumped and raising it to storage or dlstnbutnon RN
at a higher level,

4. Boostmg, ie. usmg a pump to produce an mcreased ﬂow or pressure ina "
main or service pipe. ‘ A

Both pump desngn and the cholce and de51gn of the dnvmg umt have to be B
considered when the installation of pumping plant is contemplated Sometunes._- C
the pump and power units cannot be found to fulfil exactly all the requlrements, .
and a compromise has to be made. Some of the factors involved are: - = T

1. Number of sets to be used to produce reqmred output and prov1de g
etandby capacxty, matchmg pump to power units; space ava:lable'..
nuisance from noise both air-borne and pipe-borne. o

. Source of power to be used for the driving unit if used; desxrablhty or
otherwise of speed variation; efficiency, and the degree of automa.txe_ '
operation required. :

The quantity to be pumped; characteristics of the sys*em on dehvery and o
suction sides; efficiency; the effect of the water to be pumped on materlalb .‘
used for construction, and priming requirements, -

Of all types of pumps the électrically driven impeller pump is most ‘widely
used. The driving motor may run-at constant or variable speed, and be controlled
either manually or automatically (e.g. by time, pressure or ﬂoat-operated
switch). The pump may have one or more stages, according to operation con-
ditions. For use mainly in boreholes a specialized form of eleetncally dnven _
submersible pump is available.

SUBSECTION 3B: TREATMENT

310, General, Waters which do not comply with the nexssary standards of
quahty require treatment in some form. Water treatment is highly specialized
work and should not be undertaken except under the guidance of experienced
water engineers and chemists.

Impurities which render water unsuitable for domestic or other uses may be
conveniently classified under the following headings:

Documents
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R 1. Suspended or colloidal m@tter (excludiﬁg mic:ofp;ganigms) 4therre',;m"6val
< - of which is usually effected by screening, coagulation, sedimentation and
0 filtration, | T T

| 2.. Dissolved organic and ‘iﬁo:ganic. 'm'a:tti:x;', the. removal of which’ involves

‘chemical or physical treatment.- e Cvia

" 3. Micro-organisms the removal of which, in certain cases only may be
' effected in'the course of treatments (1)-and (2) above, but otherwis_t,e are

~ dealt with by sterilization. o o 0 )

. 4. Radio-active matter.the removal of which may require special treatment. o

For all-domestic supplies and for other ‘supplies where the destruction of

~ micro-organisms is required water should be sterilized: The addition of chlorine "

 either in the gaseous state or in the form of sodium hypochlorite solution is the .

treatment usually given, although it cannot be relied upon for killing bacterial .

endospores. | T I R

It is most important that treated water on its passage to the consumer should, " -
b protected at all stages from contamination by all forms of foreign bodies,

e.g. dust, insects, birds and vermin.

311. Removal of impurities. 4. Removal of suspended or colloidal matter
(excluding micro-organisms) is usually’ effected by filtration which may be
preceded by coagulation and/or sedimentation, according to the character of
the raw water. Micro-organisms- should be destroyed by sterilization.. (See -
Clause 312.) Ly ‘ ‘ D

b.’ Filters. There are three types of filter in general use, the essential feature
of all types being a thick submerged bed of graded sand or anthracite which -
usually rests on a graded bed of gravel or other suitable material, and over =
which the raw water is distributed. After passing through the bed, the water is .

collected by a manifold draining system.. . = A

1. In a pressure filter the bed is contained in a closed cylinder, thus enabling
the raw water pressure to be used for filtration and subsequent distribu-
tion. Pressure filters are usnally housed in buildings. For small, temporary
or mobile installations a convenient, filter is one of the pressure type in-
which filtration is carried out by the use of a small-pore medium such as

" diatomaceous earth (kieselguhr), synthetic resins or ceramics. Ceramic
filters are usually impregnated with jfonic silver which has a strong
' sterilizing action; making chlorination unnecessary. After sterilization the
filtered water may be passed direct to supply. |

2. Rapid gravity filters are constructed either in buildings or outdoors, but
if outdoors it is usual to enclose the operating valve galleries. The filtration

~is carried out at atmospheric pressure in open tanks, usually of concrete.

. . 6 |
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3. A slow sand filter requires a relatively large ;surfadé aréa, but when pr‘operly‘ T
maintained can be highly efficient. o e

¢. Cleaning of filters. Due to the interception of impurities ‘the filter bed .
offers increasing resistance to flow, and when this resistance reaches a predetei- =~ -
mined value the bed requires cleaning, This is normally accomplished in pfessure .
and rapid gravity filters by mechanically operated stirrets or by compressed air, - . -
in conjunction with the washing out of the impurities by means of a reverse - .
flow of fully treated water. In a slow sand filter, the top layer of sand, together = " -
with the intercepted impurities, is removed periodically either by hand or
mechanically. The bed is then raked level and the filter is put back into service.: . -

- After a period depending on the amount of sand removed in this way sufficient -
clean washed sand is added to restore the bed to'its original level, the original. L

bottom sand being lifted and placed on top. .

d. Wash water. Water for washing the filters should be filtered water. This .
water is required at a rate considerably in excess of the rate of filtration, and -~
where there is only one filter unit it is necessary to take the wash water from .=

storage. An elevated storage tank provides for filter washing by gravity flow,
and, for a pressure filter, can be charged directly from.the outlet of the filter, -~ -
but, for a gravity filter, has.to be charged by pumping. Where the storage tank .~
}  is at ground level, wash water is pumped through the filter, whether of pressure
{  or gravity type. Where there are multiple filter units it may be possible to do = -
‘without wash y\_i@ter storage. ' ' R S

' 312, Sterilization: a.. Sterilization by_chlorine. Sterilization by'chlo:ine‘_‘l__lnay: be

effected by any one of the following methods: = - o
1..Simple chlorination, The application to the water of a dose of chlorine, in
- the form: of either gaseous :chlorine or. sodium "hypochlorite solution, -
- sufficient ic offect sterilization. T A
2. Super-chlorination with de-chlorination. The application to, the waterof a. .
~* dose of chlorine.in excess of that sufficient to'effect sterilization, followed -
after a suitable interval of time by complete or partial de-chlorination, .-
€.g. by using sulphur dioxide. This method iscustomarily employed in
the treatment of those waters of which the oxidizable content is liable to’
wide variation. ' L e R
3. Break-painf-éh(at;inatiop. This method requires special supervision. .
4. Chloramine. The application to the water of a dose of ammonia in con-

junction with a dose of chlorine, 5o as to form chloramines, the germicidal
© action of which, although slower than that of free'chlorine, remains
- effective for a longer period. - -7 7 . Lo

- Expert advice should be taken as to iyhjch process.should be employed, the
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dose of chlorme, the amount of resrdual chlorme, the most surtable pomts for
the application of the chlonnatmg and de-chlorinating agents, and precautions
against possible corrosion of metals and pollutlon of watercourscs by chlorine
or sulphur dioxide. - - -

The efficacy of any chlormatlng prooess depends upon a pertod of contact
long enough to ensure complete sterilization, If such a period cannot be prow.ded
in the normal water distribution and/or storage systems between the point of -

treatment and the first- draw-oﬂ' one or more spec1a1 contact-tanks will have to
be provided. ‘

b. Sterilization by ozone. . Ozone has a. very rapxd sterlhzmg effect on water,
but hitherto has been comparatively little used in' Great Britain. The electrical
installation required for the production and application of ozone for water
treatment is somewhat elaborate, and the cost of sterilization by ozone is hrgher |
than by chlorme, but in’ particular clrcumstances it has a useful applrcatzon

313. Softening. Softenmg, for other than specral mdustrlal purposes, is eﬂ'ected
either by lime with or without the addition of soda or by the ion exchange
process (also known as base-exchange process) Expert advrce should be taken
as to which process is the most suitable in the circumstances. -

a. Lime process. The lime process alone will remove only temporary hardness
and free carbon dioxide. If permanent hardness has to be removed the addition
of soda in one form or other is also necessary. After mixing ‘and sufficient
contact, a fine precipitate is formed which may be removed by sedimentation
or filtration or both, with or without coagulant To prevent after-precipitation,
it may be necessary, depending on the design of the plant to stabilize the softened
water, usually by the addition of a very smail amount of polyphosphate.

b. fon exchange process. By the ion exchange process the water is passed
through a pressure vessel containing ion exchange material which has the
property of taking up the hardness-forming salts from the water in exchange
for salts which are not hardness-forming. When the exchange capaclty of the
material is exhausted it can be regenerated by passing through itan approprtate
solution. v

Domestic softeners are regenerated with brine and afterwards washed

’ through the effluent being hrghly saline.” Both temporary and permanent
hardness can be removed, and it is usual to soften a proportion of the water to
zero hardness and to blend thls with unsoftened water to obtaxn the requn'ed
result.

 The ion exchange process can also be used to remove selectwely either
temporary or permanent hardness, to adjust the alkalinity, or to demineralize
the water. This requires the use of different exchange materials and of acids and -
sometimes alkalis for regeneratron, and the wash water effluent may be acid or
saline. Under certain conditions iron and manganese can be removed together
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with the hardness-forming salts. A degasifier may be required to release carbon -
dioxide formed in the regeneration process. © ST

-314. The housing of water treatment plant. In all processes of water treatment
it is essential that the highest possible standards of cleanliness and hygiene in
operation should be observed. The design of premises o house water treatment ;
plant, and the selection of materials of construction, wall ‘and floor: surface.
finishes, etc., should facilitate the maintenance of complete cleanliness as well . . -

 as a high degree of efficiency in operation.

Adequate space should be provided for the plant so that it is easily accessible
for operation and repair. The building should . be well veptilated, properly .
protected against frost, and have adequate lighting conveniently placed: Space . -
should be provided for all ancillary plant (e.g; compressors, meters, pumps, =

tanks, electrical equipment, etc.). Space should also be provided for.the storage
of salt or lime and other chemicals, all of which it is essential to keep dry. Pipes .~
~ below floer level should be in. ducts of ample size with removal covers and.
facilities for drainage.”A small Jaboratory bench, desk and tooi locker, together
with sitaple apparatus and reagents to determine the chlorine residual, hardness, . .=

etc., should also be provided fer the plant attendant, LT
As chlorine is a dangerous substance, plant in which-gaseoas chlorine is
used should not be placed in such a position that gas might accidentally escape -
and percolate intc adjacent premises. The plant should be housed in a separate
chamber with adequate means of mechanical ventilation at low level to. clear
the chamber of any escaping gas. Doors should open outwards and if mechanical
ventilation is not installed there should be a window or second door arranged 7
to promote a through current of air when necessary. The temperature of the - -
chamber should not fall below 55°F, but if the chlorine containers are located
in a section separate from the chlorinator the temperature of the chlorinator
section should be maintained at about 5 degF higher than the container section.” . . .
Special precautions should be taken against fire and it is very dangerous to" ;<
‘Place any localized heat near the chlorine containers, With the ammonia chlorine ;,
process it is desirable that the ammonia and chiorine plants should be s:.egljégated. -
A respirator suitable for chlorine should always be available in an easily.
accessible position adjacent’ to, but not in, ‘the plant chamber for use when
connecting and disconnecting chlorine containers and when shutting off the -
chlorine supply in the event of a leak. If ammonia is used as well as chlorine, a
special respirator can be obtained which is suitable for both gases; alternatively,
a separate respirator with a canister suitable for ammonia should be provided,
clearly marked to distinguish it from the chlorine respirator, Canister ‘type
respirators cease to be effective in high concentrations of gas, and if these are
likely to occur advice should be taken on the special precautions to be taken.

A supply of fully treated water will normally be required for mixing chiorine
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‘and other solutxons. If m]ectlon pumps form an mtegral part of the plant,
motive power for these will be required. Space should be. provided for the
.storage of a reserve supply of the chlormatmg and de-chlonnatmg agents.

315. Disposal of waste products Provision should always be made for the disposal
of waste water and sludge from water treatment plants. The  quantity and
character of these waste products will ‘depend upon the character of the raw
water and the chemicals used in its treatment. It is important to ensure that
disposal is effected without causing nuisance -or offence, and it is‘accordingly
desirable that expert advice should be sought on the method to be adopted.

Depending on the character of the waste products and the disposal facilities
available locally, space may need to be reserved for: settlmg tanks lagoons or
drying beds and for the disposal of the dried sludge :

Outlets and discharges to a watercourse are regulated by statute and the
consent of the appropriate river authorxty concerned must be obtained. This
consent, which cannot be unreasonably withheld, may .ba glven subject to
certain conditions, e.g. limitation of concentratlon of dlssolved and suspended
solids, blochemlcal oxygen demand, temperature volume, 1ate of discharge, etc.

L

SUBSECTION 3C. DISTRIBUTION

316, Pipework. a. It is of the utmost importance that a wholesome water supply
provided for drinking and culinary purposes should not be liable to contamina-
tion from any less satisfactory water. There should, therefore, be no inter-
connection or cross-connection whatsoever between a pipe or- fitting for con-
veying or containing wholesome water, and a pipe or fitting for containing
impure water, water liable to contamination or of uncertain quality, or water
which has been used for any purpose The provision of reflux or non-return
valves or closed and sealed stopvalves ismota permnssxble substitute for complete
absence of connection.

b. The design of the plpework should be such that there is no posmbthty of
backflow towards the source of supply from any cistern or appliance, whether
by back-snphonage or otherwxse Valves cannot be relled on to prevent such
backflow. | o . ‘

c. Where a supply of wholesome water is requlred as an alternattve or
standby to a supply of less satisfactory water or is requu‘ed to:be mixed with
the latter, it should be delivered only into a cistern, and by a pipe or fitting
discharging into the air at a helght above the top edge of the cxstern equal to
twice its nominal bore, and in no case less than'6 inches.

d. All plpework should be so desxgned laid or fixed, and mamtamed as to

- be and to remain completely watertight, thereby avoiding waste of water,
damage to property and the risk of contamination of the water conveyed.

e. No piping should be laid in or through any sewer or drain or any manhole
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or chamber connec*ed therswith, nor in ground contammated by sewage.‘
Farmyards, stableyards and the proxmnty of. cesspoo]s should bc avo:ded
also Subclause 3174, . , ‘

f. A water pipe should not be used as the sole earth electrode for earthmg e

of an electrical installation. Water undertakings do not accept any respon51b111ty

for providing any eartlung facilities for electricity consumers. Plastics. pipes =
and asbestos-cement pipes are non-conductors of electr101ty and non-conductmg L
joints are often used on metal pipes. Even where the service pipe is of con-
ducting material the path to earth for leaking electric currents may ‘be inter-,
rupted by repairs and alterations outside the premlses, with consequent danger""

by shock to the workmen and io persons on thie premlses Crossibonding of the "

- water service, the electricity service and the gas service is. however permissible,

and indeed necessary . if electric water heaters or pumps are installed, but only
if correctly des:gned earthing fac111t1es are prov1ded which are mdependent of ..

the water service.

- g The data for determuung the bore’ of a pipe are the maximum rate of =
discharge required, the length of the pipe, the head available for loss by friction .~
in that length, and the roughness of the internal surface of the plplng Formulae, "

diagrams and. tables of calculated figures are available for use in designing.

Allowance should be made for the head which is lost by friction in bends, -and
fittings, and for reduction in discharging’ capacxty due to lntemal mcrustatlon |

of the pipe in the course of time,

h. In demgmng and planmng the layout of the plpework due attenhon‘*-‘
should be given to the maximum rate: of dlscharge required, economy in labour .

and materials, accessibility, protectlon agamst damage, corrosion and frost (see

CP 99%), and avoidance of airlocks, n01se transmlssmn and unsnghtly arrangc— o

ment. ‘ ' o

Jj. To reduce frlctlonal losses the pxpmg should be as smooth as. p0551ble i o
internally. Methods of jointing should be such as to avoid internal roughness and

projections at the joints whether of the jointing materials or otherw1se

k. Changes in diameter and in direction should preferably be graduall rather

than abrupt to avoid undue loss of head. No bend or curve in piping should be
made so as materially to diminish or aiter the cross-section.,

L Underground piping should be laid at such a depth that it is unhkely to‘ |
be damaged ty frost or traffic loads and vibrations. Where piping has to be laid |

in any ground liable to subsidence then special consideration should be given

to the type of piping to be used and the type of Jomt to be adopted in order to
minimize risk of damage due to settlement. Where piping has to be laid across

recently disturbed ground, continuous longitudinal support should be prov:ded
and not merely supporting piers at intervals. S

* CP 99, * Frost precautions for water services ’,
' 21

"
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The amounts of horizontal and vertlcal ground strain hkely to occur at a site
liable to subsidence caused by mining can be predicted with reasonable accuracy
" by mining engineers and it is advisable to consult the Chief Surveyor of the
National Coal Board’s Divisional Office in the. case of coal mining.and of the
. company responsible in the case of other rmneral extractlon, for adwce on the
precautionary measures to be adopted e :
317. Choice of matenals for piping. . In choosmg the matenal ot the pxpmg
and fittings, account should be taken of the character of the water to be conveyed
and of the nature of any ground in which the piping is to be:laid. The material
should be resistant to possible corrosion, both ms:de and outs;de, or should be
suitably protected against corrosion, and should have no deleterlous effect on
the water conveyed. SR Qo B e

b. The byelaws of some water undertakmgs prol'ublt the ‘use of oertaln
materials for pipes used to convey water supplied by them. . |

¢. Lead piping shall not be used to convey ; water wh1ch is plumho-solvent
(that is, capable of taking lead into solution) and thus beconung liable to cause
lead poisoning. Plumbo-solvency is found in certain hard as well as soft waters
and must be made the subject of appropnate tests by an experienced chemist,

d. Lead piping is liable to corrosion by contact with fresh cement, cement
mortar, plaster, or concrete and should be protected by coating or wrappmg
with a protective material which will also pernnt movement due to expansion
and contraction. Lead is also liable to corrosion when in direct contact with
certain timbers, especzally when they are damp. Oak and teak may cause
appreciable corrosion, pitchpine less, deal and elm still Iess.

e. Copper plpmg shall not be used for water capable of dlssolvmg an undue
amount of copper. Water containing a small amount of copper may be quite
wholesome, but it. may produce green stains on contact with soap, and if the
copper is deposnted in aluminium kitchen -utensils _rapid plttmg may occur.
Where copper. piping has to be protected from external corrosion it can be
spirally wrapped with tape of protective material or can be obtamed sheathed
with polythene.

Underground copper piping should eonform o’ B. S 1386* and, preferably
should be fully annealed so that it can be laid like lead plpmg

J- Iron and steel piping, unless adequately protected is liable to corrosion’
mternally and externally. Internal incrustation/may be formed which may in ,‘
time entirely choke smail-bore plpmg and rusty discoloration of the water may .
occur. Small-bore steel piping is usually supplied mnc-galvamzed -but some;:
waters attack zinc, causing gritty particles to appear in the water. Such’ piping; ‘e

- can be obtained coated internally with bitumen on]y or Wlth bitumen on top of

* B. S 131.6 Copper tubes o be buned undergrgugd ’
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the galvanizing or with an epoxy-phenolic lining, and piping up to 2% inch
bore can be protected externally by a wrapping of bitumen or tar with reinforcing
layers of glass tissue, or by a piastics cladding. Cast-iron, spun-iron and steel
pipes of 2 inch bore or larger are usually supplied hot-dipped in tar or bitumen '

' compounds, but this does not always give pe_rmanent‘protection."‘l__inings'of e
cement mortar, bitumen or coal tar pitch applied by a centrifugal process are.
effective, but the reduction in the bore should be allowed for. A thick sheathing
of bitumen which should be continuous over the joints, is more effective for steel *

- piping and steel, cast-iron and spun-iron pipes can also be protected externally - -
by tape-wrapping or by surrounding with concrete. For any site-applied concrete
surround the use of special cements may be necessary. - . o

§. Asbestos-cement pipes generally withstand corrosion, but may have to
be protected against attack Py acid water or soils of high sulphate content. If -
iron fittings are used these should be protected both internally and externally. . -

h. Plastics pipes are in increasing use, particularly in circimstances where
soil or water conditions would cause metal pipes to corrode. The most commonly” , L
used materials are polythene Type 3Z (low density), polythene Type S0 (high. = - A A
density) which is chemically similar to Type :32 but stronger and more rigid, A A 3
and unplasticized polyvinyl chloride (PVC): * . - which is a rigid material e
with a greater tensile strength than polythene,. = = = .

None of these materials is suitable for use with hot water. Polythene pipes .
are less susceptible to frost damage than metal pipes, but they are slightly . "
permeable to certain gases and are not suitable for iise in ground which is, or
might be, liable to gas contamination, , IO

j- British Standard concrete pipes are suitable for the conveyance of water -
when they are not subjected to internal pressure, but may require protection
against sulphate and acid attack. Prestressed concrete pipes, are available as’
pressure-pipes but only in the larger sizes. -~ - . .. LT

k. Biiitish Standard glazed vitrified pipes are immune to acid and sulphate
attack, and are suitable for the conveyance of water when they are not subjected
to internal pressure. . o SR

l. Some supply waters cause water fittings made of duplex brass to suffer
the form of corrosion known as dezincification, which converts the brass to
porous copper and can result in seepage of water or failure of the fitting. The
products of corrosion may obstruct the waterway by the formation of a white
bulky mass; this_is known as meringue dezincification and occurs with waters
in‘vghich there is a certain relationship between their chloride content and their,

“temporary hardness, Where this occurs fittings should be of copper, gun metal
or alpha brass (inhibited against dezincification), or other suitable copper alloy

. which is resistant to dezincification, o A P

jff( m. Where metallic piping has to be:laid through abnormally corrosive
oo 23 . ' .

]
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" ground, such as’ certam clays, or ashes, the piping should be given specml
_protection, and full advantage should be taken of local exPenence as to the
best methed, =

" Cathodic, protect:on by the attachment to the plpes of blocks of magnesmm
or other suitable metal to act as sacrificial anodes or by feeding in a current of
electnc:ty, is' also avallable in such cases, but requlres expert des:gn and
execution. - - y - \ |

n Metalhc piping should not be ﬁxed in contact wuh magneslum oxychlorzde
flooring composrtton which is mjunous to most metals and alloys, or in contact
with Keene's cement- and o..rtam other qmck-settmg matenals havmg acid

‘ constltuents.

" 0. The use of galvamzed steel cyllnders or plpes in con]unctlon wrth copper
pipes may result i in accelerated corrosion due to copper bemg taken into solution
‘and reacting with the zinc of. the galvanizing, With some waters similar trouble
is expenenced with galvanized steel cisterns. Consideration should, therefore,
be given to the use of copper cylmders and cisterns or cisterns of non-metalhc‘.'-.‘
~ material where  copper piping is used. Where a copper pipe supphes a galvanized "
 steel cistern, it may be advisable t¢ paint the inside of the cistern with two coats ::
of bituminous ¢ composrtlon, which should ot be Liable to impart taste or odour, A
“or otherwise to eontammat *he water. In ah auch cases, local expenence should o
be taken into account E : : o ‘

' p. Corrosion may also result 1 “m galvan*c actton where there is contact‘ -
~of dissimilar metals in the _presence o. "yme waters such as coppet in contact” -
“with iron or steel or with zin¢' galvaniz. | coating, Where such corrosion is
known to occur, the use of dissimilar metals should be avoided, or they shoulok L
be kept apart by the use of ﬁttmgs made of electncally non-conductmg ma.enalﬂ. : ‘

318 Mains, . Mains should be dmded into sections by the prov:sxon of sluice-
valves (or of stopvalves if the main is of 2 inch bore or less), so that t.he water
may be shut off for repairs. . |

b. Air-valves,_should be prowded at summits, and washouts at Iow points
 between summits unless adequate provision is made for the discharge of air and
water by the presence of service connections and fire hydrants (See Clause 315,)

¢. Large-orifice air-valves will d:scharge displaced air when mains are being
charged with water. When air is liable to collect at summits under ordinary
conditions of flow, small-orifice air-valves, which dlscharge air under pressure,
may be required. Double-actmg air-valves having both large and small
orifices should be provided where necessary. Airivalve chambers should be
adequately drained to avoid the poss;bthty of contamination, | :

-d. Washouts should not dlscharge into a drain or sewer or into a manhole
or chamber connected thereto. Where a washout’ discharges into a- natural
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watercourse, the discharge should at a]l tnnes be well above the highest poss:ble L

water level in the watercourse. In some cases it may be necessary for the washout

to discharge into a watertight sump which has to be emptled while in use by |

portable pumping equipment. (See Clause 315.)

e. Mains need not be laid at unvarying gradients but- may, follow the general |
contour of the ground. They should, however, as far ag possible, fali con-
tinuously towards the washouts and rise continuously towards the air-valves.
They should not rise above the hydraulic gradient; that is to say, there should
always be a positive pressure, greater than atmosphenc, at ever) pomt under -

working condtttons

'.',.‘r '

f Provision skould be; made at every bend branch and dead-end in a ma.m

to resist the hydrauhc thrust. (See Subclause 403e and Table 7.);

g Mams should be lmd with cover, measuted from the top of the 1pe to

. the surface of the ground, of not less than 3 ft. Mains which could be brought

under roadways by future widening schemes should be lald s0 that the eventual o

cover will not be less than 3 ft. 3

h. Where mains are laid in streets together wrth other p:pes a,nd cables the' |
recommendations of the committee of the Institution of Civil Engmeers"‘ on:' o

the lcf'atton of underground gervices should be followed.

Je Where a service pipe is to be connected to the end of a main it should'{
not be tapped-in at right angles in the usial way; the main should be tapered,
down at the end to the same bore as the service pipe, which should be Jomted. :

- on in the line of the main. Several service pipes at the end of a ‘ cul-de-sac

road can be accommodated by the laying i in this way of a small-bore pipe fromi-‘
which the individual service pipes are branchcd[ off. ‘This procedure avoids a. " -
dead-end to the main in which deposrts could accumulate to cause du'ty water,
but nevertheless a fire hydrant for useas 3. washout may be adv1sable near the' :

end of the main, , . IS

k. Mains should be capable of a rate of ﬂow suﬂictent 10 satlsf y the combmed ,".; ‘k

maximum demand of all the services ti» be supplied. All the maximum demand.

of the separate services may not occur smultaneously, and the actual combined -

maximum demand may be a proportion of the sum of the separatc maximum
demands, which will be determined by the number and character of the services.

I. If fire protection has to be gtven, ‘this will generally be found to have an.
ovemdmg influence on the size of the main necessary, The rate of flow reqmred o
in the main and the pressure required at the hydrants will vary according to the
fire risk involved. Appendix B1 shows the best operatmg pressure for various

sizes of hose nozzle and the flows obtainable at those pressures. The flow required
in the main will be the figure in the third column (Table 6) multiplied by the

® *The location of underground services * (Inshtuuon of (hv:l Engineers’ (1954))
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