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LE'XAGES TN WATER SUPPLY SYSTEM
CHAPTRR
1,0  DVTRODUCTION

Water consumption varies from city to ecity, depending upon
the population growth, climatic condition, industrialisation,
habits of the people, rising standard of living, social
customs, water prassure in the mainas, The demand of water
goes on increasing with its purity and msase with which it is
available, It has been observed in many developing countries
that when the people have to get water on head load from some
sources, their requirements are limited, but when the water is
delivered to the housea, it is a "Fait Accompli," They forget
the dif'ficulties and ask for more water, All thesa add up to
make it hard for the engineer to determine the exact per capita
per day requirements of watar and all assumptions are always
mere approximations.

It can be sesn that in most cases, while the engineer
calculates the parcentege of consumption for various sections
and purposes, a veary important aspect, that is lossas and
wastage of water, is usually overloolmd, This loss and wastage
of water is termed as "“unaccountad for," which is dum to leaks
in pipes, plumbing fixtures, pump slipages, unauthorised wster
connections and careless and wilful waste, Some of it mey also
reprasant low flows passing through meters too large for the
service, It is therefore advisable to 2dd some percentage while
calaculating the consumption in order to cater for the losses

and wastages of water, DLeaks are undiserable, both because thay



waste water and hAacsusa they wmay undarmine pavements and other
structures, Abandoned service pipes are a prolific cause of leaks

Ths trend of water consumption in various cities of the world is
rising. delily and the water authoritins are facing problems and have
to zdjust their water consumption and populaticn projection
accordingly, The rate of water consumption has 2 grest benring on
the investiments of capital cost for water supply systems required
for such consumption. It also aff’mcts the timn whan new facilities
are reaquired and the population which such facilities will support
hefore further augmentation is required,

It is true that planning should be bhased on s water demand that
is unrestrioted at 211 times, but it will require g high cost for the
system, A striking balance, therefore, has to be provided for the
sblection of peak hour water consumption, keeping in mind the basic

factor of cost,

11 WASTE SURVEYS ND WASTAGE CONTROL

Bk i ramry

A scientific approach is required to launch an extensiva
programms for finding oubt the aexact water consumption otherwise
all assumptions will always remain as unreslistic and guesses.
It could be visualised from the following table how much waker
goes a8 waste with the wilful and coreless opening of taps.

(see Table 1 ),



IABLE 1
Head | Diametar of Tap / Gallons per Minute
ft - — i i il S, e B, S = - -
%u %Il qn 1%_11
100 1.65 4,55 9.35 16,30
150 2.03 5¢ 99 11.50 19.90
200 2,63 6.42 13.20 23,00

- —— - D i

Waste surveys are conductad by isolating a section of the
system by closing the valves controlling the water flow to the
saction so that the water flows through s single pipe to that
saction, The flow through this pipe is measured and if it is
found to be greater than normal, the isolsted section is
further divided into smallar ones and the source of the abnormal
use is located more closely,

Measurements taken during early hours of the morning,
around 3,00 a,m. -~ 5,00 a,m, ore likely to indicate leakage,
waste or abnormal use of watar, brcause normal daytime usage is
commonly suspenderd during these hours. The rate of flow is
maasured by the use of a pitometer, and because this ealls for
exposing and boring hole in the pipe, another alternative method
is employed. In this mothod, all the valves in the section of
the system to be inspected are closed and water is fad to the

district in one or more fire hoses, equipped with metears, which
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are connoclad to hydrants on aither side ol the closed valvaes,

¥hen nxcessive consumption is localed in the district, a house-
to-house inspection of plumbing may be conducted to locate the
waste, Theft of water can sometimes be detected by such surveys,
Illegal use of water is usually not a serious economic
matter but should be regsrderd against as a matter of principle,
Illagal methods include bypacsing sround the metar, called
"jumping; " including low, unrecorded flows through the meter,
called "dripping;" in flat-rate sarvices, supplying a
neighbour through a hose or turning on water without permission
of the water company, to mention a few, Alertness and observing
mater readers and other watnarworks employens, encouraged by

renards for the discovery of such practices, chacks such abusas,

FINDING__ LEAKS
Mothods used for the loc-tion nt 1lanks in underground pipes
and in subaqueous pipes include:-
1. Direct observation
2, The sounding rod
3., The hydraulic grade line
L, Viater hammer
5. Blowing air into the pipe
6. Putting dye, salt or radiosctive tracas into the water
7. Studying the quality (change of salinity) of water
in a submerged suction pipe,
8, Neasuring the volume of water required to fill the
pipe; and

9. Listening either directly for the sound or with the aid

of a sonoscope or elactric sound amplifser,
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Each method is best suited to particular conditions, INonae
is universally sapplicable or infallible,

Direct observation can scarcely be called 2 method bacause
it does not require any special knowledgr, However, some akill
is naederd in detacting leakage whoare thare is a rich green spot
in a lawn, a soft spot in the ground, a meltad patch of anow
or ica, or whare a spot of frost or dew disappesrs immediately
in the early morning, /ny of these clues may indicate the
position of a lrak, as may the sudden or otherwise inexplicable
increase in the flow in a sewtr or the appearance of o "spring"
where thera should be no spring, VWater doPs not always appaar
close to the spot from which it left the pips, I ftar the
general location of the leak, the sounding rod may be used to
find the exact point., This instrummnt is a sharp-pointnd metal
rod that is pushed into the ground and thon taken out for
inspection, If it is seen that the rod is meist or muddy, the
line of the leank is then follownd,

If a pipa leaks so badly that it is possible to empty
itsalf within « short time, after it has been shut off, the
leak can be found by draining away the pipe =nd rncording the
voluu® of waler that will £ill it up ~gain quickly, This
figure, if divided by the cross-scction-l area of the pipe will
give the distance to the location of the leak,

Leaks in water pipes make some sound, unlnss the leak is
submerged, The leak may be heard either directly by placing the
e@ar on the service pipe or a sounding rod may be pushed down

to the pipe and, by placing the ear against the rod, it can



aasily be datected, However, in the c¢sse of an unaided e-x, one
of the many simple instruments for magnifying the sound will
make it audible, These include the ~guophone, the detectaphone,
and tha sonoscope. Thea aguaphone is similar to a telephone
without connections and it works by plecing ona and of the
racoiver in contact with the sounding rod or pipe, thus making
tha sound audible, Tt is then follow?d untill the leak is
finally located,

A laak may be detected by following the pipe in the
direction of@ninishing pressures, that is, by following the
hydralic grade line, If two points are found on the hydraulic
grade line on either side of a 1eak on a long pipe line and tha
hydraulic grade lines passad through these points, the point of
intersection of the gr-de lines will bo over the location of
the leak,

In the application of the phenomenen of water hammer to
finding a 1lPak, favourable conditions require 2 long pipe line
without important branches, A valve on the line is opened
until a4 uniform flow is maintained, and then suddenly closing
the valve, The instant of tima that the valve is closed ond
the pressure in the pipe immedintely thercrafter ara racorded,
The pressure wnve caused by the w-otar hammer will travel along
the pipe to the leak, whern a part of the prassure wave will be
dissipated, The wave of the diminished pressure will then
travel back to the pressure gage of the valve, and a drop in
pressure will be observed, Since the velocity of travel of

the pressure wave is as shown by tha equation:



Vir fps.
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4,665

14 (Ka/Gt

where E = modulus of elasticity of pipe material, psi

K = fluid bulk modulus of alasticity, 294,000 psi for

water,
d = diameter of pipe, in,
t = thickness of pipe shell, in
md Vw = velocity of the prassurs wpave throupgh the pipe,

and the wave has travelled twice the distance botween the valve

and the laak, the distance to the leak, in feat, is aqual to:

; TV
s g
where T = time, sec,, for pressure wavn to return to valve,
V = wvelocity of tr-vel of pressure wava, fps,

The blowing of air or the placing of colouring matter in s
pipe is useful only in submerged pipe, whera air bubbles or the
colouring matter will appear over the leak, Fluorescein ~nd
tha slightly chasper dye uranin, both cosl-tar dyes, are the
most commonly used dyes, They are detactable in a concentrotion
of 1e2ss than 1 ppm by the naked ~ye and up to 1 part in 10 billion
with the aid of fluoroscope, The ssmple of the watar observad
must ba alkaline since acidity bleaches the colour which is
rastored by adding alkalinity. Such dyes cannot be used in
potabln water since their appearance is undesirable, L slightly
increased concentration of salt (WaCl) may ba used in the
detection of a leak by showing, through chamical analysis, an

incraasedchloride content in the watar suspected of ascaping
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from n pipe into which a dose of s-1t has been added, The
salt concentration is however insuf'ficiontly ineraased to be
datacted by taste,

In the electric sound megnificetion of' leakage detection,
the sound emitted by a lank is picked up by a delicate crystal
and mognified up to 10,000 timns by v-ocuum tubas or transistors,
It is possible to tune the receivar to the piteh of the leank,
axcluding interfarring sounds, In the li-senpe lenk locator,

n vory sensitive instrument, the sound of the leqk is followed
directly, Tha effactivennss of the instrument is greatly
increasad by making direct contact at points along the pipe
and following the pipe until the sound can be haard without
contact with the pipa, Sound will tr-val faster and a

hundred times a3 far through the pine ns through perous ground,
PHRMISSIBLE  LEAKAGE

SomA amount of leakage is aluays to be axpacted from watnr
pipfs 1nid with the bast of cara =and undar f{avourable conditions,
In the Water Tiorks !ianual the upper limit for lank-ge is given
by the Jmerican Water Yorks Associ~tion ~s 250 gal per 24 hr, per
in, dametar of pipe per mile, -nd in spreification, it is
stated that "no pipe installation vill be accepted until the

leakage is less than ¥D/ P : 850 (expressed in gallons per hr.).

vhere N = number of joints in the length of pipe to be tested
D = nominal dismetor of the pipe in inchnas and
P = averqge tast pressure in p,s,i.



REPAIR OF LEAKS

Routine repairs of leaks involve the insertion of a pieca
of new pipe or encasing the o0ld l:aky pipe in a sleave with
rubbar or other form of gasknt:- Vhere it is not possible to
shut of'f' 4 leaky pipe for repairs, tho water may somotimes be
frozen by vwrapping the pipe with dry ice in a burlap-wrapper
and mixing the ice with ether, alcohol, or other volatile
substance, Propriatary substances that can be forced into holes
in which the material hardens, such as smoothen, Devcon A, or

Gutentite, may be used to close relatively small holas,
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PIPE NALIRIAL

The selection of various pipe materials for water supply

always raquires a serious considerstion befors the commencement

of projects. Principally it depends on the total annurl cost

which allows for the difference in anticipateod life of the

various pipe material, but the other factors such as

availability of material, saccessibility to site and field

laying problems may determine the type and class of pipe

ultimately required to bo usad,

The followlng other factors also alfect the determination

of the type of pipe material reguired:-

(1)

(11)

(iii)

Difficult Location: Where sccess is difficult not only

for construction but from maintenance and replacement poins

of view a steel pipe is praferable,

Static Prossure and Weter Hammer: Materials required to
rasist water hnmaer or surge pressure is recognised very
critical in detarmining the suitability of that wnaterial
eapable of taldng the affects of wabrr Lomeer, Ductibility
of mild steel plate and the strength of welded joints ar~
idnal for rasisting water hammer and surgses,

Vilocity in Pipe: Some don't consider this a3 a criterion

in the selection of pipe material, But high velocity =nd
abragive nction ingide the pipe, vibration and instantaneous
waves result in severe water hammer which ultimatoly

af fect the sealection of 2 suitable pip~ metorial,
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(iv) Chemical Nature of Soil: Soil survey should be conducted

‘ in order to detarmine the aggressivenass along the route
of the pipo 1line and the treatmont required to protect the
pipr line,

(v) Chemical Natura of Water: The chomical nature of water

causes considersble mnorustations in the unlined stoel pipe

which reduce the discharge capacity and life of the pipe,

Broadly speaking, cast iron and steel pipes with both
internal and external protection are sxpected to have a life af
80-100 years. Difficulties in lsying and jointing of pipes
should always be brought to a minimum -nd the choico of materianl
should be such that the pipe is ablae to take up the thermal
axpinsion and contraction due te the local conditions.

Tha farilure of absastos cament pipes is due to thres
conditions which may asct singly or together,

(1) Detarioration of the pipa due to attack from the the

watar baing carried. This iz indieatoed by softoning of

the inside of the pipe wnd longitudinal splitting.

(i1) Dotericration of the pipe due to attack from the soil or
ground water in which the pipe is laid, This is

indicated by sof'tening of the outside of the pipe and

longitudinal =plitting.

(11i) Bending stress in the pips due to traffic londing or soil
pressure on hadly liaid pipes, or stressms arising from
actunl soil movements, This is indicated by circumferential

cracldang of the pipe,
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The following ares the observations extractrsd from the

results:-

1.

Za

3.

Intarnal Attack = This is due to leaching and if it is

allowed to continue unchacked in bad aress a 1lif'a of not
more than 20 years is expected from bitumen coated pipes
and very less in uncoated pipes, The high density stenn
curnd silica asbestos cement pipes are claimed to be more
resistant to this type of ~itack,

External ttack - This can be attributed to a number of

forms such as lesching, bacterial, sulphate or other
chamical attack., Usually these typas of attack flourish
in damp and swampy conditions, The coating with bitumen
is the only answer to counteract this attack,

Yochanicnl Attack ~ Thisz is mainly due to bad laying as

asbostos pipes raquire o very careful hondling and lying,
Sometimas in heavy clay soils subjoct to severe swelling
and shrinkage the pipes arm badly strassed, Tharafore the
flexural strength of the pipes should be according to the
specifications and should be tested before laying. It may
2lso be of assistance to lay the piprs 2 little deeper in

heavy clay soils since the soil wovement reduces with depth,

FREC/UTION IN LAYING

1a

The pipes should ba 1aid on a proper bedding matorial in
order to avoid an uneven floor which will otherwise result

in a poor support and back filling should be done carefully,
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The joints should be corr-ctly mode with at laast 6 mm
gnps for expsnsion of piprs due Lo saturatiom,
The rubbar rings shauld be rolled hone correctly.
The piping should be supported ~long the whole longth and
to ensure that the floor of the tronch is hollowed out ot
the appropriate places to take the pipe sockets,
Thrust blocks of concrate should be provided at all bends,
fras, junctions, etec,
In clay soil, the pipe should be burriod with sand around
»nd at top and with carnful backfilling ~nd hand tamping

to about 0,3 m above tha pipa,

B " e

The most widely acceptad theory of corrnsion of nmatals

is that it is electrochomical in nature -nd procesds in four

well=desfined steps as followss

1.

2.

The wmodic Reasction: lintal ions, aach carrying one or nore
positive charges, arc releasad to the water, The sane

number of @lactrons, @ach carrying ~ singla negative chorge,
are released to the metal, This t-kes place only »t the

wantal surface and o be exprrssad a8:

Fe (mat'v.l) Ze- Fn++ + 2
in vhich A is the negativa elnctron nnid the resction is the
ssmo for zinc, lead and copper,

The Cathodic Reaction: The rasult of the first step is that

nagative aleactrons remain in the netal, nd nction will

soon stop by the building up of a strong negative charge
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that will resist further release of positive ions, In the
presench of water, however, the negative alasctrons can be
aeliminated by reaction with ut ions in the water, The

roaction is the same for 21l metals:

HY v a - > H2 (gac)

¥hen corrosion takes place in strongly acid solutions
bubbles of hydrogen gas can ba senrn nseaping from the matal
surface. In all other conditions the H' ion is removed
by the next method ealled Depolarizaticn,
Depolarization: If the hydrogen sccumulated parmanently
on the metal surface, tho corrosion chain would be broken
(by polarization) if it were not removed quickly, in the
prasence of dissolved oxygen, by the roaction of the #t
ions and dissolved oxygen ta form water,

2Hp + 0y > Hy0

Reactions of the Metal Ions: Uost of the metal ions now in

tha water react with ions present in the water, lany of these

reactions result in insoluble products which coat the motal
surfaca and progect it fron further corrosion, Some of the
insolubla products, howevar, crystallize out in such
pervious form that theay offar little proteetion, Unfortun~-
tely this is the case with iron -nd the resctions with it

are;

2Fe™ 4 4 0, + LOH” > 21,0 + Fag 03 (rust

OR 2Pa** & § 02 + AHCO3 ~32H0 4+ 4C05 4 Fe, 0
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In the presence of other appropriate ions in the water, -s
phosphate or silicafe, insoluble compounds with the aetols are
formad but the necessary ions must be presant in sufficisnt
quantities,

CORROSION TROTHCTION

This is a difficult problem cspreinlly in the small diwmeter
pipas, 1In large diameter pipes the externsl wnd intarnal
protaection can ba achievad by cement lining or by special
vwrapplng of fibre glass with bitomen, eonl tar, epoxy
compounds, ate, Bub in the crse of small damrter plpes, it is
very difficulty. If they are camsnt lined, then there will be
less chapee of corrosion, Sometimos the inside welding at
Joints is zinc-sprayad for protection,

Thr main facters causing both internal and external
corrosinns can be as follows:-

A« dnternal Corrosion
(1)  Salinity -nd conductivity of wntor
(ii) Chlorine and sulphata content
{iii) Carbon dioxide content
(iv) pi value of water
{v) Dissolved oxygen

(vi) Composition and structure of metsl,

B, Externnl Corrosion

(1)  So0il moisturs and resistivity

(1) Selinity, sulph-tes, magnesia, line, aetc, of soil nd
ground woter,

(111) pH of soil and ground water
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(iv) Bxchangeable ncidity and ~1kslinity, froe cerbon
dioxide in so0il and water,
(v) Oxidntion reduction potential
(vi) Aeration sulphides,

Intarnnl Corrosion of Cast Iron ~nd Stecl Pipes

It has been observed that the eorrosion in the Cast Iron
pipss are usually at the rate of %" in LO years and it is the
sane for unlined steel pipe, But in mild stenl pip~s the
corrosion results mostly in pitting -nd somotimes the localized
pits deepen at the rata of 0,05" por yenr, a2 rate which could
make a hole in 3 to & years in " thick pipe and in 3/16" pipe
4 to 8 years if the pipe is unlined,

In ~ddition to the above corrosion thera we other
problems which add up to mnake the system most uneconomical by
Jjust not ziving internal protecticn, Thay ara:-

Haavy tuberculation

Digintegration of metal

Diacolured water

Reduced flow

Incroased pumping cost,

External Corrosicn of Cast Iron nnd Steel Pipos

The underground rate of corroesion of Cnast Iron pipes varies
with the type of soil and moisture content, acration, ete,

It is always advisable to conduct » soil survey along the
route of tha pipe line to be 1aid in order to ascertain the

type and oxtent of externsl coating as it will heve an economic
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bearing on the type of coating required for particular aran or
possibility of koaping pipe alomng the ground, The corrosing of
soil is usually dstermined by the s0il rasistivity tost,

This consists of a stenl tuba 185" long x 14" 3Gomoter,’
Seperated by 1 cm of inszlation form a conical magnesiem tip,
The magnasium tip and stoal tube are connectad by insulated
wires %o the measuring instrument. 7The corrosion curront is
meqsured by connecting a low reasistanes millismmeter betwren the
steol and the gagnesium a3 the probe is drivon into the soil,

At interwals, the driving is stopped and the meter is left in
circuit to record both maximum -nd the final stasdy currant
valuns ofter the strel has polarised, The resistmee of the soil
is also measured with 1000 cycle bridge and tha corresponding
goil resistivity own be detnrmined from the calibration charts

of the probe davice, It isg expressod in okm-em  units, The
results obtained ara then compared with thr following table in

ordsr to determine the group in corrasivity of the soil:

TARLE 2
30IL RESISTIVITY CORROSIVITY
{Ohm~cn2)
0 - 1,000 Probably snvere
1,000 ~ 10,000 Savere-moderate
10,000 - 100,000 Wild of Aerated

100,000 Probahly not Corrosaive

EFrHeN bt 4 et g e e —
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It con be sean from tha (@aph ('5.1) ovarlead that clay,
aven wvith 9100 meisture content has rasistivity of 1000 Ohmecn
and this is in the range of sevore ceorrosive ~ction., Therefore
n 8ericous considerstion rognrding nxternnl protection will be
raquired in clay soils,

HETHODS /WD SPECIFICATIONS FOR PRODICTEVG CO.ZLIGS

In ordexr te prasmervn the 1if'n of sienl «nd c¢-s5t iren pipas
frow the datricental effacts of corrasion, it is imperative to
placn an imparnesble barrier bat.gen the storl or cast iron and
the corrosive nlements,

Lypes of Contings:

Bituminous coatings include eonl tar, enamels; asphalts,
cold nppli~d coal tar paints and opoxy conl tnr an-nmals, Basio
raquirencnts of 2 coating on Field Poarformancn have been laid
dovn by 'merican pipn lin designeors nd -re lmowm as
Stand-rd Criterin:=-

(i) Perfornance of bond to the metal

(ii) Minimunm of moisture penetration

(1ii) Resistance to bacterial dstariorstion by sail
nicro-organisns,

(iv) itesistance to soil stress -nd Aaforu-tion

(v) Chemical intrrtness to action of snil chaaicals

(vi) Resistanca to aging or physical changa for life of
structura,
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Spacifications:

(i) Preparation of pipe surfice for priming
(ii) Priming of pipes
(1ii) Applieation of Fnamel/Miturmen
(a) ¥or axternal coating - In 2 layars, each to be not
lass than 3/32",
(iv) Reinforcement of Inamel coating,
(v) vhite washing
(vi) Handling of pipes
(vii) Spark Testing
(viii) Pipe bedding
(iz) Back filling

(x) Pipe laying,
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EFFICTS OF LEAKAGES ON WATER GUALITY

Besidas bacteriological, chemical and physical, and
biological pollutien of water - supplies, pollution by radio~
active matarials represents an increasing hazard with regard to
wator quality., Each type of pollution nammd can ba encountered
through leaknges in one form or the other,

I+ is impor®ant to keep radioactivity in drinking wator to
a minimunm and it is theraforo recommended that radioaetive
wngtes should not be admitted Lo souroees of potable water,
Howaver, this is not possible in coertnin cnuns, and tharafore
limiting concentrations of radicactivity are sugpestod for water
to he used for domestic and diotntic purposes,

Radioactive nmaterials comprise all isotopes, the muclel
of whieh undergc spontaneous disintegrntion, Natursl radio-
activity in water originates in small smounts of naturaslly
occurring potassium - 40, radium - 226, thorium - 232 and
uranium in igneous rocks, The Adisintegration of these rocks and
of thn sedimentary formations derived from them, forms the soil,
This, thersfore, also contsins {races of radionctivity due to
the zame four n=zturelly occurring elementa, Small quantitios
of seil awre washed off the land into rivers and laes, and rock
fragments are broken up by wave sction on the coastlina, In
this way the radioactivity originally centained in the ignnous
rocks bacomns distributed in tha s0il, in rivers sand lakns and
in the sea. The quantity of radioastivity is measured by the

mubrer of disintegrations that teak? place in a unit of time,
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10
The standard unit, ealled 2 curie, is 3.7 x 10 disintegration

per second, This is the rate of nucliar transformation of
1 gram of radium, Each radioisotope dncays ot a charactaristic
rata that is unaffected by heat or pressure,

Radioactive waste waters originate primarily:

I in hospitals and research laboratories and in laundrias

sorving them and

2 in water-cooled nmuclear resctors and in chemical plante

that proeess reactor fuels,

The limiting valuas of radioactivity given below are meraly
intended to indicate that, if the levels are lower thon those
given, then the water is safo for use without furtier
investigations, if, howaver, the levels axcend these figures,
radiochemicnl analysis will be reoquired to drtermine the nature
of the radionuclidas prasant bafore deciding on the safety of
the water for use as a publiec supply, The figuras given are
intended to include naturally occuring radioactivity, as well as
any radioactivity that may ransch tha uster from the rffluents
and fall-out, It is possible that naturally oecuring radio-
activity may ba just as dangarous to health as that which may
be discharged in effluents from nuclear reactors or other
sources, and it is considered that, in drinking wntor, it is
the total radioactivity that is of importence from tha point of

view of possible danger to the health of the community,
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SAMPLING
Ssmples should ba {aken not cnly ~t the taps but also at

the sourcrs of supply and at relevant peints throughout tha
system, OSaaples from sources such as raserveirs and collecting
basins should ba taken from the botton, sinca many radiosctive
substances settle rapidly to the bottom, from which they may
latar be released and find thair way throughout the system, Such
samples should at least be of 1=litre volume; collected in
polyethylene bottles Lo aliminate the possibility of adsorption
of the radioactivity by the container; and examined with as
little delay as possible, Routine surveys of watar-supplins for
radioactive containation should ba carried out, and samples
collected ~nd nxamined os frequently ss possible to dotermine if

tha naximum acceptable limits have bren oxcended.

MAXIMUM LIMITS OF CONCENTRATION

The following values are only nstablished to serve as n
guide to the maximum acceptoble limits in drinking - water ns
supplird to comsunnrs fer lifetime usae for large popul-tions,

Strontium - 90 30w o/litre

Radiun - 226 10¢,.¢c/1litre

Gross beta concentration (in the
absencr of Strontium - 90 and
alphn-emitters) 1000 c¢/litre,

Thase figures are derived from the wvnluns published by the
International Commission on Radiological Protection for
occupationnl exposure, modified for mutual consistency and for

application to whole populations,
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Should the International Commission on Radiological

Proterction publish further information concerning the maximum
prrmissible concentrations of radioactivity in drinking-water,
the liniting values given above should bo used in the light of
the recommandations of the ICRP, If the value indicated for
gross bata contamination is exenedad, and the concentrations of
Sr - 90 and Ra = 226 are known to be insignificant in ccmparison
with the values given, supplemsntary radiocchmmical analysis
should be undartaken to determine the rqdionuclides prasent in
the watar-supply.

In cnse the radioactivity in the drinking-water supply is
continuously above the maximum linits given, consultations
should be made with any national crgmisation rasponsible for
deeiding on maxdimum total population doses of radioactivity

for mny community. (see Table 3).
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ISOTOPE

L L T R S ———

F18
Nazu
p32

0156

cahf')

Cr 5

Hn%
Foo
F359
cob0
Cua"

Sr89
3"904- Y90
1151
Al.l198

FD21 0+ drs

226
Ra 4+ 556 drs
U(natural)

——

OCCUPATION U, EXPOSURE

FAXT WUM

PERMISE]~

BLE CQrl,
(uc/ml)

2 x
8 x
25%
L x

1 x

2 x
3.x
5 %

2 x

1072
1074

107
T e
10™2
107
107

T

10

1072
1074
10™%
106
1078
1076
1072
10-7

1077
10~7

—— . — - e e

HALF- SPICIFIC  1.P.C. OF
LIFE  (CTIVITY  RADIO'CTIVE
(days) (curies/ ISOTOPE IN
gramn) ININKING
WATFH*
(p.p.m.)
0,078 9.3 x 100 2.2 x 10~ '°
0.62 8.8 x1° 9.1 x10 M
1.3 2.9 x 10° 6.9 x 10~V
1.6:ﬂ08 2.3 x 1072 1.7 x 10“2
152 1,9 x 10* 5.3 x 10710
2.5 9.7 x 10* 2.1 x 107
0.108 2.2 x 100 1.4 x 10~
1.05:103 2.2 x 105 2.3 x s0~7
U6 3 4.8 x 10“ 2.1 x 10710
1.9x105 1.3 x 105 3.6 x 10’a
0.%  3.8x10® 1.3 x 1010
250 8.1 x 10° 2,5 x 108
; i -10
53 2.8 x 10 2.5 x 10
9.1x10° 1,6 x 10° 5.0 x T
8 1.3 x 10° 1.6 x 10~
2,69 2.5x 107 2.4 x 40~1°
9.1x10° 69 2.9 x 402
5.5x40" 1,0 4.0 x 1070
1,65x1012 6,6 x 1077 0,3

LTMITING-

CONC ENTR .TI QIS
OF 5T'BLE
ISOTCF® IN
TRINKING [T
(p.p.m.)

e R e e I ]

1.5

0.05

0.3

3.0
15

R

e

-

* A revision of these levels is expectad to he published shortly,
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METHODS OF TREATMENT

Radioactive substances can be remnoved from water and waste-
water in a numbar of dif'ferent ways, the selection of which must
dspend on the nature of the substances involved and their
physical condition in the water and waste water, Strauls lists
the following mathods:

Bvaporation,

Carrier precipitation (coasulation),

Sand filtration,

Ton exchange (including natural clays),

Electrolysis,

Metallic displacement or scrubbing,

Differential voltility,

Electrolytic seperation,

Solvent axtraction,

Diological processes, and

Crystallization,

The maximum remnoval of radioactivity in biological sewaze
treatnent systems is about 95%, 4 much lewer removal is
experifnced for radioisotopes that are not utilized by, or
reaadily adsorbed on, biological slimes, or that occur in
company with an abundanca of non radicactive atoms of the same
elemant, When an untreated liquid waste is discherged into ths
sAa or into a river, a certain amount of each form of pollution
is purified naturally, Solids are sattled out, organic nmstter
oxidised and chemicals are diluted until their concentrations are

negligible, Pellution is reduced by the natural half-life
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decay of the active isotopes, Halfelife, t1, is simply defined
as being the time required for the nunber of atoms of the active

sppeies to diminish to one-half its present value, thua:

n = % no
when t = t
and thus 108 (r—=) = t}
2 Np
loga?2

where n

no. of atoms of a given radiozctive spezies prasent

4 the radioactive disintegration constant of the species,

The half-life and the radioactive disintegration constant
are chsracteristics of the radioactive species,

All this takes place without any assistance from man, Only
when man discharges wastes in concentrations grester than Nature
can daal with, doms treatment become necemssary, The point st
vhich this occurs depends, in any given locality, on the
voluna of natural water available to raceive the wastes, the
pollution density and the extent of industrialisation,

Table 4 gives a summary of the polluting characteristics of wastes
and the means by which thase are dealt with in the natural

environment,
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POLLUTING C.USE OF THE N TURAL
CH'2ACTHRISTICS POLLUTION PURIFIC TTOM
Physical Solids Sedinentation
Biological Organic matter Oxidation
Chamiecal Toxicity Dilution
Radioactive Ionizing radiation Half-life decay
3.4 THE HAZARDS OF RADIATION

then ionizing radiations (:1lpha, beta snd gamna rays) pass
through matter, energy is absorbed by the material, The dose
receivad by the medium is defined as the ensrgy deposited in
unit nass of the specified substance, The unit of deose ics the
rad, tha absorption of 100 ergs/mram.

V/hen the radiation pass through living matter, the resulting
ionization may produce profound effects, Although the enerscy
absorbed by a4 single cell is small it becames, in effact, centred
in a few molecules, resulting in an assential structure in the
cell being destroyed, The cell uay die or its subserquent procass

of division may be delaynd or otheriise affected,
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The afTects of radiation upon the hunan body ars of twe
main types:

(2) Somntic effects which nffect the individual who has

been irradiated,

(b) Genetic affects which do not affect that individual,
but which do affect his offspring, perhaps after
savaral generations,

The effact of rndiation upon the individuel may be acute,
appearing within a few weeks of the radiation, or they may be
long-term effacts, which do not brcome apparent for several
years afterwards, Conparatively, large doses of radiation
delivered in a short period to the gonads may affact the ability
of the germinal cells to divide and aay induce sterility
tharefore, which is » somatic afrect, Iluch saaller doses may
producA no noticeable Affect in the individual but may cause
damage to the genes located along the chramosomes in the
reporoductive cells, Thessa chan;;as or mutations may of'fect the
inherited charactaristics, not usually of the inmediate of'f-
spring, but of' later descendants, Such changes are, it is
considered, generally deleterious although they may vary in
savarity, Thus the possible effects of irradintion of the
gonads ara, in subsequent generations, o lownr standard of mental
and physical hnalth and, less frequently, some serious impiriment
of bodily function or death, As wll o8 individual misfortune

there is, therefore, a burden imposerd on the socinty,
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In considearing the quantitias of raliation to which human
beings may raasonably ba exposed, as wall as the avidence of
radiation damage mentionrd, there is another yardstide - the
unavoidable environment of radiation in which we live, The
dose raceived from cosmic radiation voriaes with altitude, That
from radioactivity in the ground or fr~m walls of buildings
depends upon our habits and habit.t, In the United Kinjgdonm,
thesea two sources of axternal radistion typically deliver to the
whole of our bodics about 30 and 50 millirads/vaar respectively,
To this is added the intarnal radistion fron the radioactive
substances which have been ineorporated in the body from the diet,
In total, the gonads receive about 100 millirads/year from
natural radistion, Genetic damarce is dntermined by the total
dose received up to the avers;n age of reproduction (30 yrars
in the U.K.) and this is about 3 rnds,

THE Ly OF RADIOACTIVE WASTES IN GRE\T BRITAIN

\
- - a —

Lagislation applicable to the United Kingdom Atonic Energy
‘uthority, teo licensed operators of nuclear reactors and to

other users of radioactive materinls,

The atomic energy industry, although naw in tha United
Kingdom, has growm to its present size along with the dewsnd for
and the use of radioisotopas and, consequently, the waste
disposnl problem has incraased ste-dily. The need for strict
control of the disposal of radioanctive waste has been reflected
in 211 the atomic enargy legislation which has Leen passed

since 1946 by the Parliament, It is inde~d only in Dacember, 1999,
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with the introduction to Parliament of the Radioactiva Substanéﬂs
Bill, 4hat there is a prospret of the whols firld of the

disposal of radioactive offlunnt in the United Kingdom Leing
adaquatnly centrolled by lagislation,

The development of the law on radioactive woastes is best
followad as it has applied to the three mein classes of usgers of
radioactive matarials, i,e, the United Kingdom atonic Energy
Mathority, Idcensed operators of nuclesy resctors, and other
usars of radicactive materials,

LEGISLATION_APPLIGABLE 7O THE U.K.A.E.4.

By far the pgraatest ampunt of radioactiva wasta material
arises a5 tha result of the oparations of the Unitrd Kingdom
Atomic Pnergy Authority. The legal position of the Authority is,
however, quite clear and iz leid down in the Atomic Bnergy
Authority Act, 1954, Section 5(3) of this Act stipulates that
.t shall be the duty of the Authority to sacure that no ionizing
radiotiona from anything on any premises occupiad by them, or
from any waste discharged (in whotever form) on or from sny
premises occupind by them, csuse -ny hurt to any person or any
demage tn any property, wherther he or it is on any such premises
or slsewhere,” Rurther, in Section 5(4){n) it is provided that
"no rafloactive waste shall be dischsryed otherwise than in
aceordance with authorizations to be given by the Minister of
Housing and Local Government and thoa Minister of Agriculture and
Fisharies, after consultation, in aach case, with such locsl

authoritiss, river beards, local fisharias committers or other
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public or local authorities as appear to the Minister in ruestion
to b proper to be consulted by him." In Scotland, the
authorisations ara given by thae Sacret-ry aof state,

In Section 5(4)(4) it is provided that " for the purpnses
of any statutory provision canferring or imposing powers or duty
on =any loeal suthority, river board, lotal fisheries commmittes
or othar public or local authority ....,, 211 waste discherged
ont or from any premises occupied by the NMnthority shall be
conclusivaly presumed not te be radicactive to any significant
sxtent," The act then makes elear that the restriotions imposed
by Section 5(4) on the mathority sre in addition to and not in
derogntion of their duty under Section 5(3).

Tha provisions of Section 5(&) of the Act were temporary
and 1t is proposed that they should be given permonent offect
bY 5 clause in the Radioactive Substances Bill {(Clause 8(1)
"Supplemcntary provisions 235 to authorisation of disposal and

acoumulation of radionctive waste"),

-

Tha Hucloar Installations (Licensing -nd Insursnce} ict,
19% requires tho licensing of nuclear reactor operators, It
replncrs the common law liability of license holders not to cause
hurt or demage to others, and their lisbility under the law
soverning normal waste disposal by an ~bzmolute liability, similar
to that of thea jtomic Energy Authority, together with an
ohligation to take out cover, by insurancs or other means, of

up to five millieon pounds in resprct of pach site to which »
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nuclear site licencs applies, Ths licence is ohliged (Section

1 {5)) to obtain authorisations for the disposal of radiosctive
wasta in the same way ns the Atomic Ensrpgy Muthority and

Clause 8{(1) of the Radioactive Substances Bill, proposes to give
peronanant affect to this temporory provision,

3.5.3 LEGISLATTON APPLICABLE T0 OTHIR USHRS OF RADTO/ACTLVE MATTRIALS

Presently, users of Radionctive mabteriql, other than the
U.K.AE. A, and licensed reactor oporstors, are govarned in the
disposal of radicactive waste only by the law governing normal
waste disposal. Since this irgislation has besn evolved
gradually, as the nred arose, to deal with nuisances from
ordinary waste products, the position is complex angd thare are
some¢ seventeen Acts which cowld be consideored to apply to the
&lscharge of radioactive wastes, These Acts are listed under
references 4 to 20 and, generally, place responsibility for
enforcement on local authorities, river and water boards and the
Aksll Insprctorate,

Any nidisance arising from the discharge of radioqactive
waste may become avident only when a considerable time has elapsed
since the discharge of the affluent and when the possibility of
tracing the offender is remote, The particular dangers of the
incautious release of radioactive material make the necessity to
prove axistence of a nuisance hefore remedial action is taken
undiserable and, indsad, unaccrptable and some more pasitive
legislation is obviously necessery, In attempt to improve the
position was made in the Radioactive Substances Act, 1948 which

enabled the responsible Minister, as designated by Order in
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Council, to make regulations for the safe disposal of wastes
from premises in which radioactive substances wore manufacturaed,
traasted, stornd or used, The rasponsible Ninister was not,
however, dasignated and no regulations were issucd, The rather
unsatisfactory position which has obtained tc the prasent time
will be radically changed with tha pnssape into law of the
Radioactive Substances Bill,

Tha Bill results fron a réeport of 2 Panel of the Radio-
active Substances Advisory Committea, This comnittee was
appointed under the Radioactive Substances et 1948, The tarms
of reference of the expert Panel were: 'To ascertain the
nature and qQuantity of radioactive waste 1likely to serise in the
forasneable future; to advise on the best mathods of securing
that the waste is disposed of 5:fely; and to ndvise whethar any
naw legal provisions or amendments to existing legislation sre
nacass~yy to ensure safe disposal and, if so, to advise on the
the form which the new provisions or amendments should take,"

The passagn of the bill will enable affnctive control to
ba exarcised over the discharge snd disposal of radioactive
waste, and, which is «lso important, will make clear to users
of radioactive materials precisely what are their obligations and
responsiblilities, The Act will constitute = considerable
advonco in what is adnittedly a difficult subject, and one which
is not confined to tha United Kingdom, The present legal positien
in other countries varies widely sani in » numbar legislation is

also pending, The situation in 1958 was given very fully by Strson,
in n paper prasented nt the second United Nations Conference on

the Paaceful Uses of Atomic Bnergy,
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CAMPUS _ LOSS OF JiATHR TIRCUGH THE SYSTEM.
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The population saerved in the campus with water is about

10,000 - 12,000 people, including both tho students and the staff,
In this casa, it is assuned that only sbout half the population
of tho staff lives within the campus, Using the old Ahnadu Bello
Univarsity waterworks in connrction with the Zaria wnterworks,
about 300,000 gallons is pumped d-~ily, This ofcourse is nover
enough 28 can be sean from the daily shortage at supply
axparienced, In most casaes there happsns t4 ba shartage of water
in one section of the campus or thn other, Without the students,
when thay go on lrave, the supply of 100,000 gzallons por doy
from the phmadu Bello University watarworks is just enough,

About 25 km length of piping is being served but it is very
sad to know that the piping never flows full and ns such some
data like average daily consumption, maximum hourly consumption,
¢an never be accurately determined, Therefors, the exact per
capita per day raquirements of wmter in the campus and 21l othnr
assunptions relating to the water flow will always be mere
approximstions, Howevear this will soon be overcomed when the
new waterworks starts functioning with the completion of the
ney dam under construction, The 0ld waterworks was supposed to
be pmping at 3.5 atmospheres, but, with the new waterworks in
operation, it will be 7 atmospharas, with two main rings of
Pipeline round the campus serving as the main foeder pipes

(see map of the campus), With the o0ld waterworks now demolished
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and the new ona still under cmstruction, tho water board is to
supply 1.2 ¥g daily., When the i,8.U, Lake is completed, about
2 Mgd will be pumped and, mounted with all the modern facilities
for flow measuremants, the new waterworks will enable accurate
and Aependnble determination of all the data needed about tho
w ater flow in the systenm,

The maximum hourly consumption occurs at 7-8 and thias ia

given as a percentage of the total daily supply -~s can be seen
from the tabulated result (sce tabla 5), The zero hour starts

at 12 midnight,
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Waste survays, unfortunstely, are never conductad by the
waterworks officials in the campus and, Leecause of this, it is
really difrticult to know exactly how much of the water suppliad
is actuslly wasted, Ieaks in the pipes uway continue until such
o time when they show viaible signs in the ground, TIn fact, it
is ¢nly when there is a pipe burst will thers be action tsken
immediately, otherwise everything is talen lightly, There is no
particulsr method adopted for leakage deteaction since it is
naver conducted at all, Therefore, in the case of pipe burst,
only diract observation is done or until a report is msde to the
officials.

As the piping iz mostly done with Pressure Class B Asbestos
Cement Pipe, the pipe-bursts that occur result mostly through
detarioration of the pips due to attaclk from either the water
being carried or the soll or ground watesr in which the pipe is
laid or dué to bending stresses resulting fron traffic loading
or soll pressure on badly laid pipes or stresses arising from
actual ground movements., The pipe burst in sach case may be in
the forn of longitudinal splitiing or circumfarential cracldng
of the pipe, Although leaching is highly resisted by this class
of asghestas cement pipe, external and msechanical attack can still
affact the stability of such piping. This is effected by both
bacteriological and chemical attack and also through careless
handling and bad lying. In sons aress within the campus,
however, the piping was done with plnstic pipes, This wss done
to som® of the residences at the asrly days of the university

and, becguse of this, some residences have no supply at all dus
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to blockase of such pipes, ifost of the delivery piping, howaver,
is done with steel pipes and the usual welded socket and apigot
joint is adopted, With the main service pipes, on the other
hand, the ‘sbestos Cement Pipes, Gilbart joint is used where
there is a T-connection otharwise push joints is adopted. The
mzin serviece pipe is of different diamaters, depending on the
wrea being supplied, The diametear ranges from 15" to 10" to 8"
to 6" and to 4",

The general expenses for the “hm=du Bello University water-
works is about B40,000 per annum, This is made up of:

¥10,000 on chenicals

#12,000 on labour

¥10,000 on alectric bills
Add 207 of the total for maintenance,

/bout 60 Mg of water is consummd annuslly at the cost of,
say, 50K per 1000 g. based on the public supply.

Actually, the loss through leaksge comprises only sbout 17
of the nsss in flow, However, losses through careless and
wilful opening of taps are also considered, although they are not
included in the 1% loss, Taking the 1% of the daily mass inflow
a8 the percentage loss, the waterworks is tharefore losing about
H400 annually, The 1% of mass inflow is taken »s s measurs of
the loss through leakages alone and if found to be exceeded, the
maintenance team is called for to check -nd repair any leaksge
to be reportad taking place, ¥ith the new watarworks completed,

the supply will run at the cest of 30K par 1000 g - about 60%
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of the public supply, This, of course, is bssed on the old
prices of materials =nd lasbour, snd due to inflation, however,
the final cost may not be knowm by the tiwme the woterworks
starts functioning,

The waste survey was donea by only going round and maling
visual inspection of nll taps and other related plumbing
fixtures within the Halls, Deprrtaonts and some of the residences
within the campus, The measuresrint was done by using a
container to capture the dripping water for 2 noted peried and
measuring such captured wator snd an average of 1% of tha mass

inflow has been assuned,



CHAPTER

5'0

MWINTEUHNCE D OPER/TION OF 7R SUPLY SYSTEM

For expertise manageuent of distribution storage, reservoir
levels must ba known at all times of the day and night, In
the casze where levels cannot be recored directly by gages or
floats, electrically operated semsors and recorders can be used
to tronswit the necessary inflorastion to operating headquarters,
Wnll-kept records and maps ol pipAs and appurtemancas arae
essential to the efficisnt operation »nd maintenance of
distribution systeams, To avoid the occnsional discharge of
roiled water, piping should be flushed systematically usually
through hydrants. Drad-ends neaed particular attention - a
bleader on the dead-and will counteract the effacts of sluggish
water movemants, Disinfecting newly a 1laid pipe, or pie newly
repaired, is very important., Control of pipe corrosion and
the cleaning and relining of water mains are also essential,
Pipes deprived of adequatm cover Ly the regrading of streats
or subjncted to protracted and exceptionsally cold wrather canbe
protected by drawing water from them through services, Pipes
nxposed on bridges or similar crossings should be insulated,
In very cold climates, water and serwer pipes are often laid
in a heated box like conduit, Jnown as "atilidor," Loss of
water by lenkage from distribution systems and connected
premisas of consumers should be kept under control by leakage

surveys,
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In the case of the water supply system of the campus, careful
handling and lying of pilpes is very sssentisl and before lying,
the trench should be carefully wnd accurately dug according to
the specifications and supervised by o compeatent persen from the
staff of the waterworks, A regulsar and thorough leakage survaey
should be adopted and carried cut by competent persons. In case
there is leskage detected or a pipe burst cccuring somewhers,
this should be reported immadiately to the official concerned and
messures taken for its repair without delny,

Modern sophisticated instrumentsz should be enployed and
manned by better frainad labour force fur the regular and thorough
waste surveys and leakage detection, There should ba 2
provision for an in-service training programme for the water-
works personnel so zs to enable them know of any recent
developments in such things az the use of chemicsals, use of naw
instruments both for the use of such insirunents in the walerworks
and in leekags detaction and wastage control and other related
probleus,

Good workmanship is very essential, and, ss such, all
plumbing fixtures and works should only be handled and
supervisaed by properly qualified waterworks personnel so that
poor workmanship which is the main cause of all failures, is
brought down to 4 minimum, The pipe maberials should be carsfully
selreted and usad according to the momufacturer's specificeations,
The ground along the pipeline should always be inspacted and

tosted in order to reveal any incorporated chemicals that may



41

bring obout corrosion to the piping materials, The water
carried in the system should be {requantly testad for detection
of both bacteriologzical, chamical and physic .1, biological and
radioactive pollution, Radioactive pollution should, in f'act,
bea chacked every now and then and s-mples should ba taken not
only at the taps but also at the sources of suppy and at
ralevent points throughout the system, Provisions should be
made for the neasurements of such radioactive wastes, With the
neaw waterworks in oparation however, wost of the present

difficulties will be solved,
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