52.0.4 Filter Basins

\When there 15 a perenniad flow i a wver and the sub-soil met with ts hard rock below an
average depth of 1.5 t0 3 m filter basins are constructed to take advantage of the perenmal
flow, assuming a filter rate similar to that of a slow sand Hlter. Sand i this atea 15 removed
and under-dramns, usually loose jointed stopeware pipes or perforated PV pipes, are lmd and
covered with sand. The water from the under-drams will be fed o a collecting well by C.1 or
R.C.C. pipes. The collecting well whach 1s also used as pump house is located on the bank of
the nver.

5.2.6.5 Syphon Wells

When the depth of saturated aquifer 15 20 - 30 m and the conventional wells and gallevies
cannot be lawd to take full advantage of such depths, certain alternate devices have to be
rried. A syphon well will be most suitable in this case. A syphon well consists of a masonry
well, 4-5 m diameter, sunk to a shallow depth and scaled at the bottom. Tube wells are to be
sunk all round the well to the full depth of the aquifer and syphoned mto the central well
from where the water s pumped.

5.2.6.6 Determination Of The Specific Capacity Of A Well

The specific capacity of a well 15 the discharge per metee of drawdown at the well In the
case of artestan wells 1t 4 usually assumed that the specific capacity s constant within the
working limits of the drawdown. The specific capacity decreases with duration of pumping,
increase in drawdown and the life of well Thigh specific capacity can be ensured by proper
selection of screens and gravel and thorough developrment,

() Measurement of Dyrawdown

‘The actual drawdown in wells under pumping 1s ascertained n several ways. In the case
of shallow tubewells, dug or sunk wells, the more common method 1s to drop a weighted
string upto the water level, before and duting pumping and computing the difference. Tn the
case of deep tubewells, a satssfactory procedue is to adopt the alr pressure method. An ate
tube 15 nserted mto the well to reach below the anticipated maximurm depressed water fovel,
Adr is pumped into the tube and based on the atr pressure initially required to depress the
water level in the ar tube down to its bottom and the reduction i such pressure with
mereasmg drawdown in the well under pumping, the drawdown during the pumping
operations is measured by a calibrated gauge at the top.

‘The spectbic capacity may be determined etther by the discharpe method or by the
recuperation method.

(b) Discharge Method
Using a pump chischarging at a constant rate, the water level 1s lowered in a well and at
intervals of tine At, the water levels are noted.
The discharge equation for this method will be:
QAT = Adh + KhAt. (5.13)

where,
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Q = steady rate of pumping;

A = arca of section of well;

K = specific capacity of the well

h = average drawdown duning the nterval A
At = anterval of tme; and

Ah = depression during the interval At

In the above equation, €, A and At are known, Ah 1s observed, h s measured and K can
be caleulated for each set of observation.

The selection of the pump capacity should be such that 2 desirable depression s obtaned
finally. The time mterval At should be such thar the depressions during the tine mterval are
netther too great nor too small.

When the water level is mamtained constantdy after a parsticular drawdown, the equanon
becomes:

OAr = KhAt (5.14)
[$39

Q) = Kh, 1.e., the rate of pumping equals the vield for thar parscular drawdown and sp. cap.

= (/h

A practical way to confidently predict yields and drawdowns for larger dia gravel packed
permanent production wells 15 to construct two 65 mm dta test-wells, (.6 m apart, pumping
one well with a centrifugal pump (about 30 KL/ min capacity) and measuring the drawdown
in the other. The resuliing discharge divided by the drawdown in the well 0.6 m away is the
expected specific capacity of 1.2 m gravel packed well 1o be drilled at the site.

5.2.6.7 Maximum Safe Yield And Critical Yield

I the well 15 not developed to the full capacity of the aguifers, the maximum yield is
limited by the maximum permissible drawdown at the well and by the size and the method of
construction of the well. In the case of shallow twbulas wells, the maximum permissible
draw-down may be limited by the suction lift of the pumps or by the depth of the wells. In
the case of masoney sunk wells as well as tbewells, the drawdown can be fusther restricted
with a view (o preventing sand blows which may disturb the aquifer unduly. Sand blows
which help to remove the fines and help in the training of the yvield are, however, destrable.
The maximum quantity that can be drawn may be fixed with reference to the diameter of the
well and the hydraulic subsidence value of the largest size of the particles proposed 1o be
removed during the training of the yvield to get the best resules. This may be termed the
critical vield.
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5.2.6.8 Maximum Safe Head Of Depression Or Critical Head Of Depression

From the maximum safe yield and the caleulated specific capacity, the safe maximum
head of depresston can be caleulated. The maximum safe head of depression, usually termed
the catical head of depression s the Hmi which, when exceeded, may cause serous sand
blows which will disturb the aquifer and cause damage to the well,

5.2.6.9 Other Influencing Factors
(a) Head Losses

The resistances to flow not usually considered are the friction of entrance into the well-
tube ot well, friction in the tube 1wself and the velocity head.

Inadequate area of openings o the well and the effects of clogging and corrosion may
cause the loss of head of entrances to be a good proportion of the wial head. The velocity
head 15 usually too small to be worth considering, The friction head in wells upto 30 metres
i depth 1s usually small, but in deeper wells of small diameter, it is offen 2 very large item
and needs to be carefully considered. T€ the well is cased for large portion of its length, the
friction in the casing pipe may be taken into account. Where not cased, the friction would
probably be greater, the amount depending on the roughness of the well surface. It may be
assumed as 25 percent greater than that for smooth pipes,

Where friction head is of considerable amount, the vield will not be proportional to
drawdown but to drawdown minus friction head. For degp wells of small diameter and with
hugh pressures the yield 1 fargely dependent on the pipe friction bur with large diameters the
yield depends rather upon the ground friction and 15 tirde affected by the diameter. Thus,
while predicting performance of wells ar a site, based on the equations eathicr given, well
fosses must be computed and added.

H the well does not penetrate to the impervious stratum, but reaches short of this, there
will be mcreased resistance near the well for hugher quantities of water or, for the same head,
the flow will be decreased. This added resistance due to decreased cross-section oceurs only
in the immediate vicmity of the well and if the toral loss of head or total depression 15 great
and 1f the well extends half or twothivd thi ragh the porous stratum, the added resistance will
be but a small proporiion. Where the water bearing formation is made up of layers of
different degrees of porosity and the tesistance to flow from the stratum to another is oreat,
the yield will be latgely influenced by the depth of the well.

(D) Rate of Draw and replenishment

In the case of shallow groundwater supplies, conditions of equilibrium between flow of
groundwater and draft from wells are established and the yield of a collecting system will
contmue from year to vear with little variation except that due to rainfall. In the case of deep

and artestan supplies of large capacity, however, this is generally not true. The effect of the

immense reservoir of stored water commuonly present in such cases is such that equiltbrium
of slope of pressure is established very slowly and the pressuse head or groundwater level s
likely to continue to decrease for many vears. It would be necessary in this case to widen the
area of the well system constantly to increase the depth of purnping,




{c) Yield from Fissuves

Where groundwater flow takes place through fissures and not through the interstices of a
potous material, the effect is greatly to increase the capacity of the material and at the same
time to modify the law of flow. The resistance to flow through large fissures will vary
approximately as the square of velocity instead of the first power. As a result, the yield of a
well supplied through fissured sources will not increase at the same rate as the lowering of
the water in the-well, but much more slowly.

(d) Draft and Total Flow

When developing a collecting system, the problem to be decided is thé extent to which
the groundwater flow can be tapped or utlised.  In the case of shallow seated supplies,
almost the entire flow over a given width can be captured by suitable design and the ultimate
capacity may be a question of total percolation i the tributaty area. With a system of wells,
the total flow can be utlised only when the water is lowered such that there 15 no head to
cause flow away from the wells on the lower side.

{e) Mutual Interference

If two or mose wells penetrating to the same stratum are placed near together and are
simultancously operated, the total yield will be relatively much less than the sum of their
individual vields when pumped independently to the same level. This mutual interference in
wells depends upon the size and spacing of the wells, the radius of the circle of nfluence of
the wells when operated singly and upon the drawdown. The amount of the interference i
expressed as the percentage of reduction in vield per well below that of a single well
uninfluenced by others.

() Arrangement of Wells

The most favourable arrangement for a system of small wells is m a line at right angles to
the disection of flow of the groundwater, as in this way the largest possible area will be
drawn upon. By placing the wells across the line of flow or along a groundwater contour, the
advantage of cqual heads in the several wells is also secured. Where, an area of small width
needs to be drawn upon, the arrangement 15 not so matenal, as the water will flow towards
the wells from all dircetions. But with a long line of wells and a large draw off, it is of much
FNPOTTANCE.

(g) Spacing of Wells

The amount of water which can be obtained from a systemn of wells depends upon the
extent by which the water level can be lowered along the line of wells, The maximum
amount of water obtainable from a given sysgem of wells would be when they are spaced for
cnough apart so that their aircles of influence will not over-lap. But on account of cost of
piping and loss of head by friction, this would not be the most economical spacing, If wells
are deep and therefore, expensive, they should be spaced to interfere comparatively to a
lesser extent than the shallow wells which could be spaced closer. The extent of mutual
interference can be judged by pumpmg tests on trial wells, or on those fiest sunk, the wells
being operated at different rates” and in various combinations. With the information so
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obtained together with a knowledge of comparative costs of wells, the best spacing of
subsequent wells could be determined.

The economical spacing for deep wells will be much greater than for shallow wells and
likewise the economical draw-down and vield per well will be tuch greater. Questions of the
size and spacing also depend upon the economy of different types of pumps and & correct
solution requires a careful study of all relevant factors governing local conditions.

() Coastal Aguifer and Salinity Ingress

In coastal areas, the principal aquifers are the unconsolidated quarternary sedimentary
formations deposited under various sedimentary environments. Occisionally, the underlying
tertiary formations also contain potential aquifers. Generally, the aquifers m coastal areas
oceur under confined conditions under high hydraulic head. Often the potenual fresh water
aquifets are overlying the saline water aguifer or more commonly wedged between the
overlying and undetdying saline water bodies. Development of such potential fresh water
aquifers brings in problems of unusual lowering of plezometrc surface coupled with
dectease in yields controlled by the reservoir capacity of the aquiders.

Construction of suitable groundwater structures in coastal aquifers is also beset with
hazards like vertrical downward percolation and/ or upcoming of saline water and corrosion
of casing of tubewells while taping the rultilayered fresh water aquifers wedged between the
saline water aquifers. The peculiar problem of sand rushing in wbewells tapping finegraimed
aquifers is also observed very frequently.

The variability of geologic conditions and thar of groundwater occurrence mn the coastal
tracts demands special attention for hydrogeclogical investigations both in exploratory and
development stages. Continuous research for improvements in well screens and well design
to cater to the special needs of the groundwater development in the coastal tract 15 essential
Monitoring of groundwater regime consequent to extensive groundwater development
would help in suggesting suitable methods to prevent salt intrusion and land subsidence
hazards.

State Groundwater Departments and Centeal Groundwater Board have a good network
of observation stations to monitor the water levels and water quality. Some reports on
specific studies are also available which may be consulted.

5.2.6.18 Well Development

The object of well development is the removal of silt, fine sand and other such matertals
from a zone immediately around the well screen, thereby creating larger passages i the
formation through which water can flow more freely towards the wells and the development
process continued until the stabilisiation of sand and pravel-pack is fully assured. Well
development incidentally cocrects any Ylogging or compacting of the water beartng formation
which has occurred during drilling and also grades the material m the water beanng
formation immediately around the sceeen in such a way that the well yields sand free water at
the maximum capacity. Well development includes the operations of flushing, testing and
equipping the wells before they are put into service,
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(a) Flushing

Huth% can be done exher by () swrging icluding washing and agitating or by (1)
pumping and back washing with an air lift.

(i) Surging

1 the development operation 1s to be effective, it must cause reversal of flow through the
screen opentng of the formation mmmediately around the well. This is necessary to avoid the
budging of openings by groups of particles as can occur when flow 15 continuously in one
direction. Reversals of flow are caused by forang the water out of the well through the
screen and into the water bearing formation and then removing the force to allow flow to
take place from the formation through the screen and back mto the well, This process is
known as sutging, The outflow (with respect to the well) pottion of the surge cycle breaks
down any bridging of openings that may occur while the inflow portion moves the fine
material towards and through the screen mto the well from which it is later removed: Surging
is done by raising and loweting a plunger which on the downstroke forces water outwards
through the screen, the plunger being of either solid plunger or valve type.

() Solid type plunger

A simple solid type surge phunger consists of two leather or rubber belt discs sandwiched
between wooden discs, all assembled aver 2 pipe :‘np@lc with steel plates serving as washers
under the end i,(.}u.'piﬂ"lg?h? the feather or the rubber dises forming a reasonably close fit in the
well casing.

Before surging, the well should be washed with a et of water and bailed or pumped to
remove some of the mud cake on the face of the bore hole and any sand that may have
settted wi the screen. This ensures that a sufficiently free flow of water will take place from
the aquifer into the well to permit the plunger to run smoothly and freely. The surge plunger
15 then lowered tnto a well 1o a depth of 3 1o 5 m under the water but above the top of the
screen. A spudding motion is then applied, ﬂgmzm‘ dly 1‘;11*4&?15? andd dropping the plunger
through a distance of 0.5 1o 1 m. 1€a cable tool delling tig is used, it should be operated on
the long stroke spud dﬂ"l{); motion. ts important that enough weight be attached to the surge
plunger to make it drop readily on the down-stroke. A deill stem or heavy string of pipes s
usually found adequate for this purpose.

surging should be started slowly, gradually mcreasing the speed but keeping within the
limit at which the plunger will rise and fll smooth ly. Surging 1s done for several minutes, rhe
speed, stroke and nme for this ingral operation Eyam«r noted. Then the plunger 1s \\:1I§1(,§1‘<Lwrl
ancd the bader or sand. pump lowered into the well and the sand accumulation m the screen
batded out and measured. "The surging and baili fng operations are repeated untl little or no
sand 13 pulled mio the well, The gme should be increased for cach successive period of
sutging as the rate of entry of sand into the well decreases. The sand- pump type of bailer s
generally favoured for removing sand during development work,

88



(b) Valve type plunger

The valve type surge plunger differs from the solid type surge plunger in that the former
carries a number of small port holes through the plunger which are covered by soft valve
icather.

Valve type surge plungers are operated i a samilar rnanner to solid plungers. They pull
watet from the aquifer into the well on the upstroke and by allowing some of the warer in
the well to press upward through the valves on the down-stroke to produce a smaller reverse
flow i the aguifer. This creation of 2 greater in- rush of water to the well than the out rush
during the surging operation is the principal and most important feature of this type of
plunger. The valve type surge plunger, because of this feature, is particulardy suited 1o use in
developing wells in formations with low permeabilities, since it ensures a net flow of water
mto the well rather than out of it A net outward fow can result 1n the water moving
upwards to wash around the outside of the casing since the low permeability of the aquifer
will not permit flow readily into it. Washing around the cutside of the casing could cause
caving of the upper formations and thus create very difficult problems. An incidenial benefit
gained from the use of this fype of plunger i the accumulation of water above the plunger
with the eventual discharge of some water, silt and sand over the top of the well. The valves
in effect produce a sore of pumping action in addition to the surging of the well and thus
reduce the number of times it i necessary to rermove the plunger o bail sand out of the well,

Surge plungers can also be opetated within the screen, This may be desirable m
developing wells with long screens. By operating a plunger within the screen, the SUtging
acton can be concentrated at chosen levels until the well is fully developed throughout the
entire length of the screen. The surge plungers should, for much use, be sized to pass freely
through the screen and irs ftings and not form a close fit in them, as is the case when
operating within the well casing, Spectal care must be exercised when surging within the
screen to prevent the plunger from becoming sandlocked by setthing of sand above it Por
this reason the use of pluniger within the screens should ondy be attempted by experienced
drillers. Care must also be exercised when using surge plungers to develop wells in aquifers
containing many clay streaks or clay balls. The action of the plunger can, under such
conditions, cause the clay to plaster over the screen surface with a consequent reduction
rather than increase i yield. In addition, surging of the partly or wholly plugged screen can
produce high differential pressures, with 2 possiblity of collapse of the screen.

(i) Pumping and Backwnshing
(a) High velocity jetting

High velocity jetting or back washing of an aquifer with high velocity jets of water
directed horizontally through the screen opening is generally the most effective method of
well development. The principal items of equipment required are a simple jetting tool, a high
pressure pump, the necessary hose, piping, swivel and water tank or other source of safe
water supply.

The procedure is to lower the tool on the jettng pipe to a point near the bottom of the
screen. The upper end of the pipe is connected through a swivel and hose to the discharge
and of a high pressuce pump such as the mud pump used for hydraulic rotary drilling. The
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pump should be capable of operating at a pressure of atleast 7 kg/em® and preferably at
about 10.5 kg/cm® while delivering 40 to 45 liters pet minute for each b mm nozzle, While

pumping water through the nozzles and screen mto the formation, the jetiing tool is slowly
rotsred, thus washing and developing the formation near the hottom of the well sereen. The
jerting tool is then rased at intervals of a few centimetres and the process repeated until the
entire length of the screen has been hack washed and fully developed. Tt has been found that
about 10 to 15% more water should be removed from the well than jetted into it, creating a
cone of deptession and ensuring that the sndesitable fines loosened by jetting are putged
fron the well, Often air lift or centrifugal pumps ate used, the major portion of the water
being recirculated through a settling fank to be used supply the high pressure pump for
the jetting. Strmultaneous pumping agn jetting provides the means for measuring the progress
of the wotle 1f both are termirated for a fow minutes untd wator levels retugn to static, the
pumping aldile can be commenced With perodic water level measurements 1o determine the
specific capacity with time of pumping, Such measurements provide the theorencal expected
specific capacity, the actual specific capacity  (and therefore instantaneous  efficiency
measurernent) and whether or not improvements are being made with increased
development activity can be ascertained.

The high velocity jetting method 15 more effective in wells constructed with continuous
slot type woil soreens. The greater percentage of open areasof this type of screen PULTTHES A
snore offective use of the energy of the jet in distuibing and loosening formation material
cather than in being dissipated by merely impitiging upon the sold ateas of the slotted pipe.
Jetting is the most cifective of development methods because the energy of the jets 15
concentrated over sroall ateas at any particular time and every pard of the screen can be
selectively treated. Thus umform and complete development is achieved throughout the
length of the screen. This method is also relatively simple to apply and oot likely to cause
trouble as a result of over application.

(b} Pumping

Another back washing method of development, suitable for use 1 small wells 15 one
which uses a centrifugal pump with a suction foice cormented directly on the top of the well

casing and carrying a shuice valve on the discharge end. This protedure simply nvolves the
periodic opentng and closing of the discharge valve when the pump s 1n operation. Fhis
creates a surging effect on the well, This process 18 contipued uatl the discharge is clear and
sand-free. The method is only applicable where ctatic water levels arc such as o pernut
pumping by suction hift. Some damiage can be caused to the pump through the wearmg of its
parts by the sand purped through it, pastuiardy i m large quantities. The use of the pump
to be penmanently installed at the well is, therefore, not recommended for use in
development of a well by this method.

Development of gravel packed wells is ammed at rernoving the thin skin of relatvely
impervious matetial which i pl astered on the wall of the hole and sandwiched between the
aatural water-bearing formation and the artificially placed gravel. The presence of gravel
envelope creates some difficulty m accomplishing the job. Success depends upon the grading
of the gravel, the method of developiment and the avoidance of an excess thickness of gravel
g&mt%«au_”.i.’hﬁ tetting method, because of its concenteation of encrgy over small areas, 15 usuallv
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mote cffective than the other methods in developing gravel packed wells. The thinher the
gravel pack, the more likely is the removal of all the undesirable material, mcluding any fine
sand and sdt.

the use of dispersing agents such as polyphosphates at about 6 kg per kioler of
washwater cffectively assist in loosening and removing silt and clay from the aquifer as well
as the face of the drilled hole. Flushing is stopped when the presence of fine sand m the
discharging water is msignificant. During development, the discharge should correspond to «
the depression of 50 per cent higher than the normal depression at which the wbewell s
later pumped on continuous duty. Whete a depression of 50 per cent higher than the normal
depression can not be arranged, the tubewell may be over developed so as to wield a
discharge 20 per cent in excess of the rated discharge.

(c) Testing

A tubewell out of alignment and contarming kinks or bends should be rejected because
such deviations cause severe wear on the pump-shaft, bearings and discharge castng and, i a
severe case, might make it impossible to geta pump in or out. 1fa deep well rurbine pLImp s
to be mstalled m a wbewell, the housing should be twe to line within permussible limits of
deviation from its top to a pomt just below the maximura depth at which it 1s proposed to
set the pump. 1f an air lift or suction purnp is used for purnping, the alignment is not so
important and the same claim has been advanced for the submersible type of pump. It
suggested, however, that even if it is intended to install a type of pumping equipment that
will function satisfactorily in an out of line well, the requirements of these specifications
should be entorced.

Fubewells are to be tested for plumbness zod alignment normally after completion of
deidling but immediately after the housing pipes are instalted but prior to commencing the
gravel Bihng in the case of gravel-shrouded tubewells,

fthe case of gravel-shrouded tubewells, if the pipe assembly is found inclined in a slant
position before filling the gravels, the assembly should be pulled in 2 desired direction by
applytng force through jacks or by other means with a view to rechifying the slantness and
brmgmyg the pipe assembly within the permissible hmits of verticality. The gravel operation
should be undertaken smmediately after the verticality has been tested and recrified, 1f
necessary, remedial measures should be adopted in between by means of jacks or any other
means to bring the pipe assembly within the permissible limits of verticality.

Forwells encased with pipes less than 350 mm diameter, the vertics lity of the twbewed
shall have a devianion not exceeding 10 cm per 30 m of depth of the tubewell and the
devaation shall be in one direction and in one plane only. The deviation of the tubewell shall
be determimed according to the method as recommended in 1S: 28001964,

After the mbewel 1s compieted, step drawdown tests and reouperation tesis are done 1o
determine the well charcteristics such as specific capacity and coefficionts of transmissibihiey
and permeability of the aguifer to sclect suitable size and type of pumps 1o be wmstalled i the
tubewells as also well spacing,

The water s also collected during aguifer performance test and analysed chemically for
the different constiments depending upon the use to which the whewell water is to be P,
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(d) Equipping

(i) Selection of Pumnps

Depending upon the discharge and drawdown noted during the tests, a suitable pump,
such as a centnifugal pump, vertical turbme pump, submersible pump or recsprocating pump
shall be fitted to the tubewells,

A recent inmovatien is to use airtight packers or seals between pump columns and well
casmgs to (1) produce less than atmosphenc pressures beneath them which enables more
draw-down (a2 maxirum additional of about 6m) and concomtant additional yield to be
produced from a well and (1) prevent oxveen from entering the lower portion of the well and
thus inhibiting the growth of aerobic iron bacteria.

{if) Sanitary Sealing

For all drinkmg water rubewells 1 15 necessary that the annular space between the bore
and the housing pipe be cement grouted upto atleast 5 m below ground level or upto fi first
unpermeable ?m er bike clay bed In gravel packed tubewells, two gravel feeding pipes on
erther side of the housing pipe should be provided to the full depth of foundation.

52611 Fatlure Of Wells And The Remedial Measures

the clogomg of wells by filling with sand or by corrosion or incrustation of the screen
may reduce m vieid very greatly, Wells may be readily cleaned of sand by means of a sand
pump or bucket but if the strainers are corroded, they tmust be pulled out, cleaned and
renewed or replaced. I the doggmg is due 1o fine sand collecting outside the mbe, it may be
removed (o some extent by forcing water into the wells under high pressure, or by use of a
hose or by other suitable means. Sometimes nstead of the yield of 2 well becoming less
fmrmg“'a contimaed (')E‘W'E"L‘i?"ﬁi’)i‘lq it 18 actually increased owing probably to the gradual removal
of the fine material immediately surrounding the well.

(a) Surging

The principal purpose of surging a well is as descrbed in 5.2.6.10(a) (), to dislodge
clogging and merusting materal from the screen. Immediately after a w a,ii has been surged, it
should be strongly and continuously pumped until all dislodged matenal has been removed.
Otherwise, the mprovement resulting from surging will be only temporaty. Surgng 18 not
always ?i’e.,l(:ﬁijf.?&i?&f ul and occasionally it may eause permanent damage.

) ;ﬂ_ surging with a p}u:::":.ga‘:‘-z; %’h@: drop prpe is removed from the well and 2 solid g}luﬂg@
g the wells of the casing 15 lowered beneath the water in the well. The plunger s
attached 16 @ well rig and 15 moved violently up and down as 1 spudding, caucsmg water tw
rush into and out of the well through the screen. By placing a check valve in the gﬁuﬂgﬁxm
water can be forced through the sereen in one direction only. 1f the top of the well casing is
sealed, compressed aw can be discharged mio it force water violently back through the
scree, It am 1s permitted o flow theough the aquifer, o may cause ari.r-]u;}k{”_gmb or clogging
ol the agquifer with pockets of ai.
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{by Use of Dry Ice

Dry ice or solidified carbon dioxide when dropped into a well quickly tums to a gas
generating a strong pressure if the gas is confined. The charge is suddenty released to fall
mto the well and vaporise, generating pressure. The method has its own dangers such as
freezing the hands and suffocation of the operators due to fumes of carbon dioxide and
rupture ot lifting of the casing or collapse of the screen. The method is also not to be
advocated because of its practical limitations in operation and utihity.

(e} Chemical Treatinent

Chemicals such as acids, chlorine and sodium hexametaphosphate may be added to a well
for the purpose of dissolving or dislodging clogging meterial ot mcrustation on the screen ot
i the sand surrounding the screen.

(i) Acids

Acid treatment may be rtesorted to only where the metal of the scieen will not be
seriously attacked by them. They should be mtroduced 1n sufficiently high concentrations,
that the acid concentration will reach at least 25 per cent near the screen, by means of a wide
mouthed funnel and 25 mm or smaller dia black iron ot plastic pipe. When used 1 long
screens, acid should be added in quantities to 6l 1.5 m of the screen and the conductor pipe
raised 1.5 m after pouring cach mstalment. The acid solution mw the well should be agrated
by means of a surge plunger or other suitable means for 1 to 2 hours following which the
well should be bailed until the water is relatively clear and the operation repeated twice of
thice s necessary, 1 acid s added in granular form, the quantity added should be based on
the total volume of water standing in the well, and not on that  the screen only. A number
of precautions must be exercised ke, all persons handling the acid wearing goggles and
water proof gloves, pouring the acwd slowly into the water to prepare the solution, PEOVISION
of adequate venttiation in pump houses ot other comfined spaces around treated wells and
disallowance of personnel to stand in a pit or a depression around the well during treatment
(as the heavier toxic gases lend to settle in the lowest arcas). Afrer a well has been treated, ot
should be pumped to waste to ensure the complete removal of all acd before it as rurned 1o
acrmal supply.

(i) Chlorine

Chiorine treatment (100 to 200 mg/1 of available chlovne s needed) with usuaily calcumn
or sodium hypochlotite being used as source of chlonme, with proper agstation by the use of
high velocity jetting or surging with a surge plunger s found fo be more effective than acd
treatrnent, particularly in loosening bacterial growths and shime deposits which olten
accompany the deposition of ron owide. The recrrculation provided with the use of the
jetting technigue greatly improves the effectvencss of the treatment. The treatment should
be repeated 3 or 4 times to reach every part of the formation that may be affected and & may
also be alternated with acid treatment, the latter being pecformed first.

(1if) Polyphosphates

Polyphosphates effectively disperse sits, clays and the oxxdes and hydroxides of won and

manganese and the dispersed matermls can be sily removed by pumping In addion they
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are safe to handle and, therefore, find considerable application in the chemical treatment of

wells,

For effective treatment, 125 to 25 kg of polyphosphates are needed for every kiohitre of
water in the well. A solution s usually made by suspending a wire basket or gunny bag
containing the polyphosphate in a tank of water. About a kg. of caletum hypochlorite should
be added for every kilolitre of water in the well in order to facilitate the removal of won
bactena and their slimes and also for disinfection puinoses. After pouring this polyphosphate
and hypochlorite solution into the well, 2 surge plunger or the more effective high velocity
jettmg technique 15 used to agitate the water in the well. Two or more successive treatments

may be used for better results,

No smgle rreatment is suitable for all rubewells. But with proper diagnosing of the well
sickness and raking appropriate steps as discussed above the hest and cost effective method
can be selected. Table 5.3 gives well cloggmg problem and suggested treatment and Table 5.4
gives application of vanous well rehabilitation methods on different types of formations.

{1v) Disinfection

The procedure to be adopted for disinfection of new or renovated wells ete. 15 presented
in Appendix 5.8,

TABLE 5.3
WELL CLOGGING PROBLEMS AND SUGGESTED TREATMENTS

ShNo. FProblem Treatement Suggested
1. Clogging due 1o Sadium hexametaphosphate 50 g/1 depending on the

o

fine sand, clay and capacity of well bore be left therein for 24 hrs, The same
silts, should be followed by sutging, jetting with chemical mix or
normal development il well 15 freed from clagging,

Chetnseal dogging Hydrochloric acid or sulphuric actd with inhibitor are
added o the well, The dosage can be kept as in the case of
sodium hcxamcf::;.zphf)sphzzt‘c.
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3. Bactenal clogging Chlorine has been found 1o be effective in loosening this
type of cogging, T not only kills the bacteria but it oxidises
the material, 5o that it & dissolved. Calcium hypochlorite
should be used to form solution of 200mg/hitre which is
mtroduced m well through small polythene pipe. We need
280 gm ot hypochlorite ar 70% concentration for 1,000
litres i water to give a solutton of 200 myg;/litres for the
killing of bacterta. The well is agitated through surging
method, then lefi for 10 hrs for removal of shimes by
batling/surging or air jetting or air lifting

TABLE 5.4

WELL REHABILITATION FOR VARIOUS ROCK FORMATIONS
AND METHODS EMPLOYED

SL. Method Employed Unconsolidated Consolidated Consolidated
no. (a} Sand Stone Lime Stone
(b) (¢)
L Use of compressed air ~ Removes the Notvery Not very apphicable

settled deposits of - applicable
fine silt and clay.

2 Use of Polyphosphates  Removes fine Not very Not very effective
sands, sidt, shale effective
and soft iron
deposits
5. Use of hydrochloric Removes Notvery  Somenmes beneficial, acid
acid, followed by sulphates, effective treaunent 1s recommended
chlorme cathonates and
ron deposits
+ Dynamiting Not used Fffective forall  Effective if large charges
types of well are introduced
screen deposits
5 Surging mame as Rarely used Rarely used

compressed arr




Sl. Method Employved Unconsolidated Consolidated

Consolidated

no. {a) Sand Stone Lime Stone
(b) ()
6 Dy ace compressed) Same as Rarely used Not effective
carbon dioxide gas) comgpiressed ai
7. Chlorne: Removes iron and  Same as undex Same as under (a)
other bactenia (a)
8 Caustic soda Removes of scum Same as under varve as under (a)
left by ol (a)

lubricated pump

5.2.6.12 Design Criteria

() Tubewells

Presigm of the tubewell is based on the following considerations:
g :

{1) The effecuve aren of opening of the strainer (the length and diameter of a strammer)
ts based on the critical velocity of entry of water through the strainer openings

(normally 1 to 6 em/s).

(1 Velocity of mse o the pipe is usually restricted to 0.6 to 1.2 mps.

() "the allowable drawdown arrived at by the formula is usually restricted to 3 10 6 m

i soft rocks.

() Ina well under water table conditions at least one-third to half the bottom of the

aquifer should be screened.

(b) Dugwells

In a shallow dug well, the allowable pumping rate depends on the critical deaw-down
where the velocity of entry of water may carry the sand, thus resulting in the wells, in tiltimng,

5.2.7 DEVELOPMENT OF SURFACE SOURCES

5271 Intakes

A water works intake 5 a device o strucrure placed i a surface water source o permit
the withdrawal of water from the source. They are used to draw water from lakes, reservoirs
ot nivers 1 which there is etther a wide fluctuation in water level or when it is proposed to

draw water at the most desirable depth.
(a) Types of Intakes
(1} Wet mtakes;

(ny  Dry intakes;
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(my  Submerged miakes; and
(1) Moveable and floating intakes.
(b) Location
The following factors should be considered for locating the intake:
()  The locanon where the best quality of water 15 available
()  Absence of currents that will threaten the satety of the intake
(1)  Absence of ice float ete
{(iv)  Formation of shoal and bars should be avoided
(v)  Navigation channels should be avoided as far as possible
(vi)  Fetch of wind and other conditions affecting the waves
(vir)  fee storms
(vii)  Floods
(xy  Avaldability of power and its reliabihity
{x)  Accesstbility
(x1y  Distance from pumping station
{xi1) Possibilities of damage by moving objects and other hazards.

Condions affecting the quality of water will include currents due to wind, temperature
and seasonal turnover and other causes that will brng water of unsuttable qualiy at the
mtake. Channels with high velocity currents carrving floating debas and ice are hazardous 1o
the safety of the structure. Navigation channels add to the danger of pollution from toilets
and other refuse discharged from ships. Tee floes are hazardous because of tts impact on the
structure and closing of the ports even 10 metres below the water surface. Waves are
hazardous to the superstructure of an intake; also they stir up mud and st from the bottom
i such quantity as to affect the quality of the water.

A study of the currents in a lake or river should be made before the locatzon of an mtake
is selected i1 order to ensure water of the best quality and the avosdance of polluted water,

An intake in an impounding reservoir should be placed in the deepest part of the
reservoir, which s ordinanly near the dam, to ke full advantage of the reservoir capacity
available. Provision for ports at different depths to take advantage of better water quality
should be made.

(c) Design Considerations

The mntake structures design should provide for withdrawal of water from more than one
tevel o cope up with seasonal varnations of depth of water. Undershuces should be provided
tor release of less desirable water held i storage,

In the destgn of intake a generous factor of satety must be allowed as forces to be resisted

by mitakes are known only approximately. The mitake in or near navigable channels should be
) Y ap] ) 2

protected by clusters of piles or other devices, agunst blows from moving objects.
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Undermitnung of foundations due to water currents or overturning pressures, due to deposits
of silt against one side of an intake structure, are to be avoided,

‘The entrance of large objects mto the intake pipe 1s prevented by coarse screen or by
obstructions offered by small opemngs in the crib work placed around the tntake pipe. Dine
screens for the exclusion of small fish and other small objects should be placed at an
accessible pont. The area of the openings i the intake coib should be sufficient to prevent
an entiance veloeity greater than about 8 metres per mmute to avoid carrying seitlable matter
mto the mtake pipe, Submerged ports should be designed and controlied 1o prevent ar from
entering the suction pipe. by keeping a depth of water over the port of ar least three
diameters of the port opening.

Fhe condutt for conveying water from the intake should lead 1o a suction well in or near
the pumping station. For conduns laid under water, standard cast won pipe may be used.
Larger conchuts may be of steel or concrete, A tunnel, although more expensive, makes the
safest conduit,

The capacity of the conduit and the depth of the suction well should be such that the
mtake potts to the suction prpes of pumps will not draw air, A veloaity of 60 to 20 cm/s in
the witake conduit with a lower velacity through the ports will give satisfactory performance.
The horizontal crosssectional area of the suction well should be three to five tmes the
vertical cross- sectional area of the intake conduir.

The ntake conduit should be lid on a continuously rising or falling grade o avoid
accumulation of air or gas pockets of which would otherwise restrict the capacity of the
conduit,
5.2.7.2 Tmipounding Reservoirs

Impounding reservoir is 2 basin constructed in the valley of a stream o store water
during excess stream flow and 1o supply water when the flow of the stream is insufficient to
meet the demand for water. For water supply purposes the reservoir should be full when the
rate of stream flow begins to become less than the rate of demand for water,

{a) Choice of Reservoir Site
The suitability of a site must be mdged from the following stand points:
(1) Quantity of water available.
{11) Quality of source,
(#)Possibility of the construction of a reasonably water tight reservoir.
(iviDistance of the source from the consumer.
(v} blevation of the supply,
(vi}Possibility of biological troubles in the case of 2 shallow FCSETVOir,
(b) Physical Considerations

The estimation of the quantity of water which any impounding works will vield is the first
consideration in any scheme. This consists essentially of refating the capacity of the reservorr
(and therefore the height of the dam) to the distribution of run-off from the catchment ares
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(Le. the vanattons in a steam {Jow) duning a dry peniod TUach catchment area should receve
consideration on s mentts as i may prove cconomcal to construct sufficient storage to
provide the mcreased vield from the deiest five or more consecutive vears,

I the prelimmary chotce of the site for a dam o timpound the required quantity of water,
the fiest study will be the ropography of the valley under consideranon. From an examination
of contour maps, alernattve  sites will  probably  present themselves as worthy  of
mvestigation. A natural construction in the valley will suggest a possible sire for a dam;
prelamnary caleulations of the potential capacity of veservoirs which might be so formed, will
indicate whether such a site could be developed 1o vield the quantty required.

Any scheme designed o develop a patticular source only partially should, if possible

concetved 50 as 1o be capable of futther expansion. However, if an earthwork darm 1 to e

, he
buidt, 1 should be for the full development of the source, Bven with the present knowledge
of the behaviour and design of carth structures, there is an clement of finality m the
construction of an earth dam which makes 1w difficult to raise its height afterwards to any
great extent

From topographical considerations the choice betwern alternative sites can be resolved in

such terms as, the length of dam required, ity height, the value of the land and property o be
submerged, the cffect of its loss on agricultural production, the lengih of roads 1o be
diverted arcund or over the new reservour, the proximury and the elevation of the supply. A

careful companson of all these factors will determmne which stte is to be preferred.
(c) Geological Consideratiois

The decision as o the practieabiity of dar construction on a marveuiatly Bvoored sire ig
) i

one which rests largely on geological considerations; these fall mnto three categories, viz, the

geology of the carchment area, of the reservour area and of the dam site irself.

The geological maps should be used to study the nature of the carchment area, the
reservotr area and the dam site. In additon, the latter demands a parveularly detaded and
exhaustive geologieal explorntion. The geological fearures and sequence of the strata n a
catchment may have a profound effect on the distubunon of the run off. The presence of
permeable strata may account for high percolation losses, particulardy «f the general direction
ot the dip s away from the valley. Permeable strata dippmg nto 2 catchment area from a
neighbourmg valley ray result in increased run-off and a gher dey-weather flow, since the
tendency will be for “he water stored underground to sssue from the straa as springs,

(d) Site Exploration

The geological investigation should not stop at the detenminaton of a suitable stratum
into which a water-tight cut-off can be made, but it should extend to the explocanion of the
foundations to determuine their abidity to carry the stucture. This will fnvolve the sinking of
nurmerous trial holes or borngs in addition to those sunk along the centre line of the dam.

Prelimimary exploration work should also mclude an exammation of the valley slopes
above the dam wn order to discover whether the ground m the vicity of the dam has been
subject to disturbances 1 the past and whether further movement may occur to endanger
the safety of the dam and its ancillary works.
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In general, therefore, the preliminary geological mvestigations should be as complete and
exhaustive as possible and the expense of such work (often considerable) will be well
stified. Tnadequate examination may prove calarmitous.

(¢) Computation of Storage

To determine the required capacity of a storage reservoir, the first step 15 to prepaze a
table showing the amount of rain fall by months for as long a period in the past as possible.
Rain records of the Meteorological Department for the locality under consideration are best.
If they are not available, the best possible data should be obtained from places at which
conditions cotrespond as closely as possible to those at the place under consideration. the
required storage is then based on the drought vear expected once in 30 vears. In exceptional
cases, the figures for the drought year expected once m 20 years may be adopted and during
the drought years worse than anticipated once in 20 vears, rationing of supplies and more
rational use of water will have to be enforced.

The second step is to obtain and study run off records, if there are any, to determine for
each month of the vear the percentage of canfall avabable as run off. Usually such data are
very limited and it may be necessary to use known data from an area having simntar
characteristcs,

The third step is to establish and tabulate monthly evaporation losses. These are based on
reservoir area, which is not known before hand but generally ranges from 3 to 10 per cent of
the water shed area. A table is then prepared to show the expected draft or consumption for
each month of the year. The amount of stream flow for each month is determined from
runoff records or muluplying the ramfall by the percentage of runoff. The required quantity
of water is found by adding the consumption and the estimated losses from evaporation,
percolation and leakage.

These data will show the difference between supply and demand for each month. The
required storage capacity will be the greatest total deficiency during any succession of
maonths when the stream flow is less than the draft on the reservorr.

A mass diagram can be drawn to determine the required storage. The deficit value
occurnmg one in 30 years may be statistically worked out and used.

Other mformation furnished by the mass diagram includes; (1) date that the reservorr s
full and stops overflowing; (2) dates that the teservorr is full and starts overflowing; (3) the
dates that the reservorr 15 empty; (4) the dates that the level of the sutface of the water in the
reservotr stops fallmg and starts to rise, the reservotr not being completely empty; and (5)
whether the flow of stream 15 sufficient or insufficient to fill the reservorr.

The volume of water that can be held m the impounding reservoir can be determined
approxmmately by multiplying average surface areas between contours by contour mterval or
the prsmoidal formula may be used,

;
V:::é(A] + A+ A) (5.15)
Where,

V = Volume between contours, corresponding to surface areas A, and A,
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Ay, A, & A, = Respective areas enclosed within lower, medium and upper contour, where
contour wterval s h.

{H Biclogical Considerations

The catchment area should be prepared so that water from the collecting grounds can
flow quickly into the reservoir instead of collecting i pools and swamps whese it can pick up
organic matter. The area to be submerged should be prepared by cutring all the frees and
bushes close to the ground and burning out the vegetation, Roots that may be exposed to
wave action should also be removed. Buildings, barnyards, manure heaps and such sources
of pollution should also be carefully removed from the area to be flooded. The margins of
the reservoir should be dressed to avoid irregularities where the water may collect in stagnant
pools and favour the growth of weeds. Plants can be removed physically from margms or w
reservoirs which may be tedious and may not be very efficient. Caution has o be exercised
the use of herbicides, as it can impart oily or musty odour to water and can be toxic to fish.
Channels should be cut to pockets within the reservoir bottom o promote self-drammg
when the level is lowered. The reservoirs should be made as deep as practicable. They should
consist of at least two compartments for reasons explained in 9.2.3.2 ¢() (5 (dd). The mtake
should permit water to be drawn off at different depths so that the operator can change the
depth of draft to exclude the algae-laden water.

(¢) Rescrvoir Management
(1) Silting

Loss of capacity due to the deposition of silt in & reservoir may irnpair, if not destroy, the
usefullness of the reservosr in a few years. It may be mitimised by proper site selection,
erosion control, rescrvoir operation and desilting works. The teservoir site may preferably be
chosen on a non-silt bearing streamn, or the reservolt may be located i 2 basin off the main
channel so that heavily sleladen waters may be by-passed around the basin. Reservoirs
should be located on the smallest drainage arvea possible. The rate of siting (hectare metres
per year per sq. kilometre ) under Indian condifions varies from 0.1 1o 0.2

Afrer silt has been deposited in a reservolr, there 15 00 practicable method, widely
apphicable, for removing it other than to operate gates in the dam to flush out the sidt o
some extent at times of high stream Aow. Dredging i expensive and the disposal of the
dredged aterial prosents a serious problem

Soil eroston and control are closely related o the silting of reservotrs smce without
eroston there would be no siting. Erosion prevention methods recommended for sod
conservation inciude proper crop rotation, ploughing on contours, terracing, Stp CrOppHig,
protected drainage channels, check dams, reforestation, fire control and grm:?;'zg control.

Hence it is necessary to provide for silting capacity for all impounding reservolrs, based
on studies or dara pertaining to similar catchments.
(ii) Evaporation

By evaporation, a process by which water passes from the hquid state to the vapour state,
water s lost from water surface and moist carth surfaces. Hence it is of mmportance in
determining the storage requirements and estimatng losses from impounding reservolrs, and
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other open reservorrs, Evaporation from water surface is influenced by temperature,
barometric pressure, mesn wind velocity, vapour pressure of saturated vapour and vapour
pressure of saturated air and dissolved salt content of water. The evaporation loss in storage
tanks m India amounts to 2-2.5 m/year. It is essential that the available surface storage 18
adequately protected from evaporation as losses upto 30% can be reduced economically,

A nurber of higuid and solid organic compounds have the property of spreading on the
water surface and forming a thin film. Tt is possible to select ogganic compounds which give
monomolecular filims and are capable of expanston and contracton by wave action thus
being undamaged under field conditions., Such a monomolecular flm offers ressstance 1o the
evaporating water particles as a vesult of which the rate of evaporation 18 reduced.

Hexadecanol or Cervl alcobol and Octadecanal or Stearyl alcohol or a mixture of these
two chemicals s commonly used for suppressing evaporation f{rom lakes and reservoirs.
MNOTGEN-101, which s muxture of Cetyl and Stearyl aleohols and indigenously available
may be used for suppressing evaporation from lakes and reservoirs by spraving on water
surface o as to cover the entire surface with this film. The chermical can be used 1 solution,
m powder form or as an emulsion, Spraving m powder form is the siraplest and most widely
used process. A dose of 1.2 kg/hectare/ day 1s adequate for wind velocities below 8 kinph.

(i1} Seepage

Seepage occurs wherever the sides and bottom of the teservoir are sufticiently permeable
to permit entrance of water and its discharge through the ground beneath the surrounding
adls. Apart from making them impermeable fo the extent possible cconomucally, erosion
control measures such as proper crop rotauon, contour ploughing, teiracing, StHp Cropping,
reforestation or afforestation, cultivation of peamanent pastures and the prevention of gully
fotmanon though the construction of checkdams could also be useful on a long term basis.

(iv} Algal Problems

Reservoir management is also of value in reducing the algal problems. Small inflows of
water rich m organic matter should he bypassed wherever possible instead of allowing them
to-infect the main body of the water. The water weeds in the reservoir should be controlled
by suitable methods such as dragging and under-water cutting. Algicidal measures as
described in chapter 9 may be adopted to control algac in reservoirs,
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Water supply system broadly involves transmission of water from the sources 1o the area
of consumption, through free flow channels or conduits or pressure mamns. Depending on
topography and local conditions, conveyance may be in free flow and/or pressure conduits.
Transmission of water accounts for an appreciable part of the capital outlay and hence
carcful consideration of the econermics i called for, before deciding on the best mode of
conveyance. While water 18 being conveyed, it is necessary to ensure that there is no
possibiity of pollution from surrounding aress.

6.1 FREE FLOW AND PRESSURE CONDUITS
6.1.1 OreN CHANNELS

Lconomical sections for open channels are generally trapezoidal while rectangular
sections prove economical when rock cutting is mvolved. Uniform flow oceurs in chaancls
where the dimenstions of the cross-section, the stope and the nature of the surface are the
samme throughout the length of the channel and when the slope is just equal o0 that required
to overcome the friction and other losses at the velocity at which the water is flowing,

Open channels have restricted use in water works practice in view of the losses due o
petcolation and evaporation as also the possibility of pollution and misuse of water. Alse
they need to be raken along the gradient and therefore the initial cost and maintenance cosi
may be high. While open channels and canals are not recommended to he adoptred for
conveyance of treated water, they may be adopted for conveying raw water. Sometimes
diversion channels meant for carrying foodwaters from other catchments are also used o
augment the yield from the reservoirs,

6.1.2 GRAVITY AQUEDUCTS AND TUNNELS

Agqueducts and tunnels are designed such that they flow three quarter full ar required
capacity of supply in most circumstances. For structural and not hydraulic reasons, gravity
tunnels are generally horseshoe shaped.

Gravity flow tunnels are built to shorten the route, conserve the head and o reduce the
cost of aqueducts, traversing uneven ferrain, they are usually lined to conserve head and
reduce seepage but they may be left unlined when they are constructed by blasting through
stable rock.

Mean velocities, which will not erode chaanels afier ageing, range from 0.30 to 0.60 mps
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for unlined canals and 1 1o 2 metres per second for hned canals.

6.1.3 PRESSURE AQUEDUCTS AND TUNNELS

They are ordinarily circular in section. In the case of pressure tunnels, the weight of
overburden is relied upon to resist intesnal pressure. When there s not enough
counter-balance to the internal pressure, steel cylinders or other reinforcing structure, for
example, provide necessary tightness and strength.

6,1.4 PIPELINES

Pipelines normally follow the profile of the ground surface quite closely. Gravity pipelines
have to be lad below the hydraulic gradient. Pipes are of cast iron, ductle ron, mild steel,
: . } & ?:‘ - * A
pmsiﬁmﬁﬁed concrete, remnforced cement concrete, GRP, asbestos cement, piast:u: e,

6.2 HYDRAULICS OF CONDUITS

The design of supply conduits 15 dependent on resistance to flow, avadable pressure or
head, allowsble velocities of flow, scour, sedument iransport, quality of water and relative

LLIBT

P

6,231 FORMULAFE

There are & number of formulae available for use m calculating the velocity of flow.

However, Hazen-Williarms formula for pressure conduits and Manning's formula for free
flow conduits have been populatly used.

() Hazewn-Willinms Formula

The Flazen-Williams formula is exprossed as:

Vo 0,849 C 0780 (6.1)
For cireular conduits, the expression becomes

V = 4,567 x 107 C ¢*0 & (6.2)
and |

Q = 1.292 ¢ 107 ¢ g*@8 (6.3)
Where,

2 = discharge in cubic metre per hour

d = dameter of pipe in mm

Vo= velocity inomps

%
E
i

= hydraulic radius in m

5 = slepe of hydraulic gradeline and
. = Hazen-Williams coeflicient.
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A chart for the Hazen-Williams formula is given in Appendix 6.1

{h) Manning's Formula

The Mannimng's formula is:

1 Agh (6.4)
It

For circular conduirs: _ 1 2, E
‘ 3968 %107 xd ¥ x§ 2

Vo= " and (6.5)
8 a

Q) =8.661x107" x %d Jwg 2 '

n {6.0)

Whete,
(2 = discharge 1o cubic metre per hour
S = slope of hydraulic gradient
d = diameter of pipe in mimn,
v = bydraghic radius in mefres,
Vo= velocity in mps, and
n = Manning's coefficient of roughness
A chart for Manning's formula is given in Appendix 6.2,
(c) Darcy-Weisbach's Formula

Darcy and Weisbach suggested the fist dimensionless equation tor pipe flow problems

as, o,
f; e ii— feid ‘I;‘{f {(} " ﬂ)
L Zegh
Where,

H = headloss due to frcton over leagth Lin metres
£ = dimensionless friction factot, and

g = acceleration due to gravity in m/s°

Vo= velocity in mps

L= length in merres

D =  dia in metres
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() Colebrook-White formuda

The Colebrook - White formula for caleulation of frictional coefficient is

) 251
R “}" e
d) R.Jf

Where

£ = Darcy’s Friction Coefficient
R, = Reynold’s Number = Velocity x Diameter/Viscosity
d = Diameter of pipe ; k = Roughiness projection

For more detads of the Colebrook-White formula, reference may be made to any
stanchard reference book on Fluid Mechanics. Recommended Design Values of roughness (k)
for pipe marenals are shown below.

8. Mo, Pipe Material Value of ‘& mun

Mew Design

i | Metallic Pipes - Cast ron 0.15 *
and Dhoctde Tron

2. Metallic Pipes - Mild Steel 006 *

3. Asbestos Cement, Cement 0.035 0.035
i Concrete, Cement Mottar or epoxy
| ined Steel, C1and DT pipes

4, PYCGRP and other plastic Pipes G.003 0.003

¥ Referonce sy be made to 15 2 2951 for roughuess values of aged metallic pipes.

6.2.2 CORFFICIENT OF ROUGHNESS

In today’s economic climate, 1t is essential that all water utilities ensure that their
resources are mvested judiciously and hence there 18 an urgent need to avoid over designing
of the pipelines. Despite technological advancements, improved methods of manufactuning
of all types of pipes and advent of new pipe materals, the current practice of adopring

canservative Coelhicient of Roughness (C values) s resulting in under utilization of the pipe
foaterials.

The coefficient of roughness depends on Reynolds number (hence on velocity and
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