More specifically the recharge 2R} is composed of the following;
1. Natural mfiteration derived from ramnmfall and snow melg;
Infiltration from surface bodies of water;

Underflow;

Sl

Leakage through confining layers, or water displaced from them by compression; and
Water dertved from diffusion, charging and water spreading operations.

Conversely, the discharge includes:

1. Evaporation and transpiration;

2. Seepage mto surface bodies of water;

3. Underflow,;

4. Teakage through confinmng layers or absorbed by them by reduction of compression;
and

5. Water withdrawal through wells and infiltration gallenes.

The associated change m storage volumes, AS, depends on the properties of sod or rock
particulatly, the porosity or voiud ratio, size, shape and compaction of the formatnon which
are all reflected in the spectfic yield of the formaton, AS mcreases with the specific yield,

() Rate Of Groundwater Flow

The flow of groundwater through aquifers under the hvdraulie conditions of non-
turhulent or straght line flow 15 governed by Darey's Law which states that head Joss duc to
friction varies directly as velocity of flow and 1s expressed as:

V=Kl (5.3)
where
Vo= veloaty of flow n metres per day
P = slope of hydraulic grade hne, reo stope of the groundwater table or
prezometrc surface
K= Coeft. of permeability or proportionality constant for water of a given
temperature flowing through a gven material in metees/day
and
Q= ApV (5.4)
where,
2 = Groundwater flow m m’ per day
A= cross-section of aquifer in m”
p = porosity of water-bearing medium, it being assumed that the product "Ap'

represents the arcas of the channels through which flow 15 takmg place.
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This should not be used for flows having Reynolds number greater than 10. This limit is
generally reached as water approaches face of wells in coarse-grained sandy soils. In practice
1o lower limit has been observed even at small hydraulic gradients.

Since 'T' ts dimensionless ratio, "K' has the dimension of velocity and in fact is the velocity
of flow under a hydraulic gradient of unity.
{¢) Conditions Of Groundwater Flow

‘The groundwater 1s obtained from aquifers through a "gravity well” or "pressure well” or
an "mfiltration gallery".

In the "gravity well” the surface of the water outside of and Qurrommdmg the well 15 at
atmospheric pressure.

In a "pressure well” the aguifer holds water under pressure greater than atmospheric.

An "mfiltration gallery” is 2 horizontal tunnel or open ditch constructed through the
aquifer in a direction neatly normal to the direction of groundwater flow. The tunnel type of
gallery is sometimes called a hotizontal well.

If a gravity or pressure well is pumped at a constant rate, the drawdown in the well
around the area of influence will continue to increase until the rate of replenishment is equal
to the rate of pumping te. untd the equﬂibrfum has been established. The flow mnto the well
uniil this equilibrium is established 15 under “Non-equilibrium” conditions. The flow mnto the
well after the equilibrium has been established will be under ’ qulxbrmm conditions and
the flow will be called steady. The steady flow may be "unconfined" or "confined”. The flow
ina gmwry well 15 "unconfined” and in a pressure well i3 "confined".

“(d) Formulae For Flow Under Equilibriuan Conditions
Assumptions
¢ Direction of the flow of groundwater 1s horizontal;

¢ The flow is at a constant rate and in a radial direction towards the centre of the
well; and

¢ The well penctrates to the bottom of the aquifer and is in equilibrium condition
unless 1t ts specified to the contrary.

(i) Fiow Into A Gravity Well Under Equilibrium Conditions (Refer Fig 5.1)

The flow into a gravity well under equilibrium conditions is given by the formula:

136K(H? -
Q= ® (5.5)

.08 )
Where,

(Q = Rate of flow into well in m’/d

K = Permeability constant m m/d

H = Depth of the water in the well before pumping in m
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FIGS5.1: GRAVITY WELL UNDER EQUILIBRIUM CONDITIONS

— IMPERVIOUS LAYER

h = Depth of water in the well after pumping = (H - drawdown) in m
R = Radius of mfluence in m
r = Radius of wellinm

(i)  Flow into a pressure well under Equilibrium Conditions. (Refer fig 5.2)

Flow into a pressure well under equilibrium conditions 1s given by the formula:

| 22K m(H - i)
- ® (5.6)

Where, r

= rate of flow into well in n’/d

permeability constant in m/d

g2 RO
£

= thickness of the confined aquifer m m

H

depth of water in the well before pumping in m

=
i

depth of water in the well after pumping in m
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FIG 5.2 : PRESSURE WELL UNDER EQUILIBRIUM CONDITIONS

R = radis of influence in m
¢ = radius of well in m.
(ii1) Flow Into An Infiltration Gallery Under Equilibrium Conditions (Refer Fig 5.3)

The expression for the rate of flow into an infiltration gallery is given by the formula;

H* - -
0=k
& R (5.7)
where,
(2 = rate of flow in m’/d

= permeability constant in m/d

L. = length of the gallery in m

H = mitial depth of water level in m
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FIG5.3: INFILTRATION GALLERY UNDER EQUILIBRIUM CONDITIONS

h = final depth of water level inm
R = radius of influence in m
(iv) Partial Penetration Of An Aquifer By A Well
If the gravity well does not penetrate to the bottom of the aquifer, the expression (5.5) 15

not applicable. The flow into a partially penetrating gravity well s given by the EXPIESSION:

2 s o
. . -/ ; -
{) . i 36}((}! . 4 )[ pi b 7 /W.f._m cos ;E{).J] (38}
Log Lo VH, 2
,
where,
R = rads of influence in m
v o= radivs of well mim
H = thickness of aquifer in m

1, = thickness of aquifer penetrated i m
p = H/H
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np/2 = angular perimeter in radians
{(e) Flow Into Wells Under Non-Equilibrium Conditions Or Unsteady Flow Conditions

The rate of flow under non-equilibrium conditions 1s grven by the expression:
. 4 3

(5.9)
_ 114600
T
2508 x°
I D
U= = (5 .1H
where,

F(u) = well function of u whose values could be found out from the Table at
Appx 5.4 or the type curve at Appendix-5.5 for different values of u

Q = uniform rate of pumping i lpm

S = storage coefficient

t = time during which the well has been pumped (expressed in days)
T = coefficient of transmissibility in Ipd per metre width

x = distance from the well in m

p = draw-down in m.

QQ, S and T are considered to be constant.

Then, Ox1146 =, T = (7, are also constants
T 2508 -

The equations (5.9) and (5.10) above be written as:
log C,=log p - log F(u) (5.11)

and

2

. x
logC, = log - log(u) (5.12)

The values of C, and C, can be found out from the field observations. Drawdowns in the
observation wells {x metres away from the central well) are ob‘;erved at different intervals,
when the central well is pumped out at uniform rate.

The measured values of 'p' are plotted as ordinates against measured values of x*/t as
abscissae on a log-log paper and a curve drawn as at Appendix-5.5

Because of the similarity of expressions (5.11) and (5.12) and the methods of plotting this
curve and the type curve {plotted with values of F(u) as ordinates against values of u as
abscissae on a log-log paper) there is a corresponding point on the type curve which is
displaced vertically by a fixed distance representing log C, and hotizontally by a fixed amount
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representing log C,. Therefore, a fixed amount of vertical and horizontal shift will bring the
two cutrves into coincidence.

If transparent paper is used for the plot of the observed data and it 15 placed over the type
curve, to be shifted horizontally and vertically until a best fit of the plotted points to the type
curve is obtained, then any matching point will identify the values of F (u) and u that
cotrespond to the values of p and x*/t by which equations (5.9) and (5.10) can be solved for
Tand$.

Though these equations apply rigidly only when () the aquifer is homogenous; (i) the
aquifer is infinite in areal extent; (i#f) the well penetrates the entire thickness of the aquifer
(iv) the coefficients of transmissibility and storage are constant at all times and places; and (v}
water is released from storage as soon as the cone of depression develops, they could be
used in the field conditions generally encountered.

This method is very useful for long term prediction of groundwater yield and regional
planning of groundwater extraction (Appendix-5.6)

5.2.6 DEVELOPMENT OF SUBSURFACE SOURCES

"The subsutface sources include springs, wells and galleries. The wells may be shallow or
deep. Shallow wells may be of the dug well type, sunk or built, of the bored type or of the
driven type. They are of utility in abstracting limited quantity of water from shallow pervious
layers, overdying the first impermeable layer.

Deep wells are wells taken into pervious layers below the first impermeable stratum. They
can be of the sunk well type or the bored or drilled type. They are of utility in abstracting
comparatively larger supplies from different pervious layers below the first impervious layer.
Because of the longer travel of groundwater to reach pervious layers below the top
impermeable layers, deep wells vield a safer supply than shallow wells.

5.2.6.1 Classification Of Wells

The wells are classified according to construction as follows:
(a) dug wells;
(b) sunk wells;
(c) driven wells; and
(d) bored wells.
(a) Dug Wells

Dug well of the built type has restricted application in semi-permeable hard formations.
The depth and diameter are decided with reference to the area of seepage to be exposed for
intercepting the required yield from the sub-soil layers. Unsafe quality of water may result if
care is not taken in the well construction. It 1s necessary to provide a wates-tight steining
upto a few metres below the vertical zone of pollution which usually extends 3 to 5 m or
more below natural ground surface.
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The steinmg should extend well above the ground surface and a water-tight cover
provided with water-tight manholes.

The bottom of the well should be at a level sufficiently below the lowest probable
summer water table allowing also for an optimum drawdown when water is drawn from the
well. Adequate provision should also be made o take care of intecference by other pumping
wells. To facilitate infiltration into the well, either the steinmg is constructed in dry masonary
or, weepholes are left m the steining at suirable intervals. It 1s usual to insert cut lengths of
pipes in the steining with the outer end covered with a wire gauze and shrouded with gravel
to arrest mgress of fine material.,

(b)) Sunk Wells

Sunk wells depend for their success on the water beaning formations which should be of
adequate extent and porosity. The sunk well s only the inter-position of a masonary bareel
into such a deposit so as to intercept, as large a quantity of water, as is possible.

{1} Size vs Yield

The yield of any form of a well is dependent on the rate of flow of the groundwater and
the area made tributary by the depression of the water level in the well rather than on the size
ot form of construction. As is well known, the effect of size alone s very small and an
mcrease m the yiekd of large wells will not commensurate with the increase in size,

The large well has an advantage over the small well in 1ts storage capacity and facility for
placement of pump sets economically. Trouble may often be experienced in the small wells
through clogging and the entrance of fine sand. This is largely avoided in the large well as the
entrance velocity of the water 15 correspondingly small. Opportunity is also given for the
setthing of fine material.

Wells for water supply are constructed of diameters normally ranging from 3 m and
above. As the cost of a well increases with increase i diameter, more rapidly than does the
- vield, any large diameter should be adopted after a careful consideration.

(i) Construction Methods

The mimimum depth of a well s determined by the depth necessary to reach and
penetrate, for an optimum distance, the water bearing stratum allowing a margin for dry
seasons for storage and for such draw-down as may be necessary to secure the required yield.
‘The method of construction employed depends on the size and depth of the well,
charactersstics of material to be excavated and quantity of water to be encountered. The
procedure generally adopted is to have open excavation upto the sub-soil water table and
thereafter to commence sinking the stetning built in convenient heights, over a wooden or
R.C.C.curb with a cutting edge at the bottom, the curb projecting about 4 cms beyond the
outside face of the steining to facilitate casy sinking, Mild steel holding down rods are run
from the bottom of the curb through the steining spaced about 2 metres circumferentially,
with honzontal ties 1n steel or of conerete rings, spaced about 2 metres vertically, The
material from inside the well s dredged: and removed either mechanically or by manual
fabour usmg divers with diving equipment.
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(iti) Measures to Increase Yield

Dewatering the well to an optimum extent is resorted to, during the sinking operations.
The constructtons supervision should easure uniform vertical sinking of the steimmg, Entry
for the mfileration water into the well is usually at the bottom below the curb. In order to
reduce the velocity of entry and to abstract a larger yield for the same draw-down, weepholes
in the steming at surtable inrervals, honzontally and vertically, would be useful. These could
be of cut length of pipes 75 or 100 mun dis, built mto the steming, with wire gauze at the
outer end, which will be kept flush with the outside face of the steining. Such weepholes
would draw water from the pervious lavers extending over the depth of the steining, apart
from the mflux at the bottom. In the mital stages of pumping and dunng the maning of the
vield, the fines from water bearing strata round cach weephole would be drawn out
faclitating a larger influx through each weephole under normal pumping.

(iv) Porous Plugs

In the case of miiltration wells sunk in sandy soils, a porous plug in the form of a reverse
filter 15 placed at the bottom of the well after the mitial traming of the yield from such well,
to faciitate the abstraction of a greater yield, as the plug would permit increased velocities of
entry without sand blows. The graded plug s usually an inverted Bltes comprising of coarse
sand and broken metal of appropriate sizes to suit the texture of the sub-soil layers m the
aqutfer immediately below the well-cutb. The depth and the composition of the porous plug
will be designed to maintain the natural sandy layer tmmediately below the curb level
undisturbed during pumping.

Radial strainer pipes are doven honzontally from the interior of sunk wells into the water
bearmg pervious strata as a measure of mereasing the yield for the same draw-down. The
arrangement i effect enlarges the zone of wnfluence of the well Purther detatls are given
under Radial Collector Wells in 5.2.6.3.

(v) Protection Measures

Al wells should be covered so as to prevent direct pollution of water. Where infiltration
wells are sunk m the bed of streams lable to carry floods, the top of the well should be kept
0.5 10 1 m above the maximum food level if it is not very high. If the well top 13 kept below
flood level, provision should be made for ventilating the well with a porous concrete nng
placed below the cover slab or with holes in the cover shab filled with a graded filter material.

{¢) Driven Wells
(i) Construction

The shallow tube well, also called a driven well, is sunk in various ways depending upon
tts size, depth of well and nature of material encountered. The closed end of a driven well
compuses a tube of 40 to 100 mm in diamerer, closed and pointed at one end and perforated
for some distance therefrom. The tube thus prepared is driven into the ground by a wooden
block untd 1t penctrates the water bearing stratum, The upper end 15 then connected to 2
pump and the well 1s complete. Where the material penetrated 15 sand, the perforated portion
is covered with wite gauze of suitable size depending upon the fineness of the sand. To
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prevent mjury to the gauze and closing of the perforations, the head of the shoe 13 usually
made latger than the tube or the gauze may be covered by a perforated jacket.

Such a driven well is adopted for use in soft ground or sand upto a depth of about 25 m
and in places where the water is thinly distributed. On account of the ease with which it can
be driven, pulled up and redriven, it is especially useful in prospecting at shallow depths and
fot temporary supplies. It is useful as 2 community water standpost in tural area.

(ii) Protection Measures

Special care 15 necessary during construction to avoid surface pollution reaching the -
sub-sod water level directly, through any passage between the pipe and the soil. The usual
precaution 18 to have the perforations confined to the lower depths of the aquifer with the
plain tubing extending over the top few metres of the soil. In addition, a water-tight concrete
platform with a drain should be provided above ground level, in order to deflect any surface
pollution away from the pipe.

{(d) Bored Wells
(1) Genemi

" Bored wells are tubuim: walis dxﬁlad nto ;mrmeablc ayers to facilitate abstraction of
groundwater through suitable strainers inserted nto_ the well extending over the required
range or ranges of the-water bearing strata. *lhere are a vatiety of methods for drilling such
wells through different sotls and for providing swtab}f: strainers  with a gravel shmudmg
where necessary.

Boted wells useful for obtatning water from shallow as well as deep aquifers are
constructed employing open end tubes, which are sunk by removing the material from the
mterior, by different methods. The deeper strata are usually more uniform and extensive than
strata near the surface, so that in regions already explored, deep wells can be sunk with far
more certainty of success than 15 usually the case with shallow wells. Methods of sinking
deep wells are in many respects different from those already described and matters of
spacing, pipe friction, arrangement of connections, etc., are much more important than in
the shallow wells.

For bored welils, the hydraulic rotary method and the percussion method of driling such
wells through hard soils are popular. For soft soils, the hydraulic jet method, the reverse
rotary recirculation method and the sludger method are commonly used.

(ii) Direct Rotary Method

With the hydraulic direct rotary method, duilling is accomplished by rotating suitable tools
that cut, chip and abrade the rock formations into small particles. The equipment used
consists of a derrick, suitable cables and reels for handling the tools and lowering the casing
into the hole, a rotary table for rotating the drill pipe and bit, pumps for handling mud laden
fluid and a suitable source of power, As the drill bit attached to the lower end of the drill
pipe 1s rotated, circulating mud is pumped down the drill pipe, out through opening in the bit
and up the surface through the space between the drill pipe and the walls of the hole. The
mudladen fluid removes the drll cuttings from the hole and also prevents caving by
plastering and supporting the formations that have been penetrated. For soft and moderately
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hard materials a drilling tool shaped like the tail of a fish, the 'fishtail bit' is used. In hard rock
a 'rock bit’ or ‘roller bit' 1s substituted. This bit has a series of toothed cutting wheels that
revolve as the drll pipe is rotated.

Water wells drlled by the hydraulic rotary method generally are cased after reaching the
required depth, the complete string of casing being set in one continuous operation. If the
water-bearing formation lies so deep that it probably cannot be reached by a hole of uniform
diameter, the hole is started one or more sizes larger than the size desited through the
water-bearng formation. Separate strings of casing are used as tequired through the separate
sections of the hole. If the formation is so well consolidated that the hole will remain open
without casing, a well may be finished with one string of casing and a well screen.

This method ts most suitable for dalling deep holes in unconsolidated formations. It is
unsuitable for dnlling in boulders and hatd rocks due to slow progress and high cost of bits.
It 15 also unsuitable for drilling in slanted and fissured formations and serious lost circulation
zones. Mud drlling is harmful in low pressure formations due to mud invasion. The
hydraulic rotary drilling generally requires large quantity of water which may have to be
brought from long distances, if not locally available. Because of adding large quantities of
water and sand or clay to the duill cuttings, the hydraulic rotary method s less suitable for
obtamning accurate fogs of the strata encountered.

A recent advance is the use of organic drilling fluids instead of inotganic and permanendy
gelatinous clays such as bentonite. The organics are almost completely self-destructive within
a pertod of few days which means no drilling muds are left in the portes of the aquifer and,
therefore, almost always higher yields are obtained with accompanying lesser development
expenditures. In addition to higher specific capacities, cleaner holes {more cuttings settle on
the surface equipment) and faster drilling rates also result.

(it1) Percussion Method

In the percussion method of drilling, the hole is bored by the percussion and cutting
action of a drilling bit that is alternately raised and dropped. The drill bit, a clublike, chisel-
edge tool, breaks the formation into small fragment; and the reciprocating motion of the
drlling tools mixes the loosened matenal into a sludge that 1s removed from the hole at
intervals by a bailer or a sand pump. The drilling tools are operated by suitable machinery;
which 15 usually of the portable type mounted on a truck or a trailer so that it can be moved
readily from job to job, This method is best suited for drilling on boulders, slanted and
fissured formations and lost circulation zones. Rate of dulling in alluvial formations,
particularly those having clay or sticky shale strata, is much lower as compared to ditect ot
reverse totary methods. Percussion drlling in hard rock is a slow process and is being
gradually replaced by pneumatic rotary drilling because of economy and speed of completion
regardless of the higher initial cost.

'"Pneumatic Drilling'

Pneumatic duiling with top-hammer and eccentric bit and pneumatic drilling with down
the-hole hammer are the two principal methods available for drilling in consolidated (hard
rock) formations:




(a) Top Hammer and Eccentric Bit

This apidly expanding drilling method s most valuable when dnlling m hard rocks
covered with difficult over-burden. The overburden, even if 1t 15 of the collapsible type,
presents no problem as the method is based on the simultancous drlling and inserting of
casing tubes down to and even into the bed rock. The prnciple of the drilling method 15 as
follows:

A compressed atr powered rock dull with a separate roration coupled to i, works at the
top of a drll string. At the bottom of the string 15 a tungyten carbide set drill bit, the pilot b,
to> which the impact and rotagon 1s transmitted.  ITmmediately above this bit s a reamer with
a tungsten carbide set cutting edge. With normal rotation to the left, the reamer will swing
out eccentrically and cut a hole which is of larger diameter than the pilot bit, allowing the.
casing tubes which enclose the dnll string 1o enter mto the hole at the same pace as the
drlling proceeds. Smce no external obstructions can be tolesated on the string of casing
tubes, they will have to be flush-jointed with male and female threads or, preferably, by
welding. The cuttings are fushed up between the drll string and the casing rubes. T'o make
this effective and also prevent the formation of large amounts of dust, foam-producing
chemicals are introduced into the flushing ate.

() Down-the-Hole Hawomer

This drdling method, called DTH for short; permits rapid and effective dalling in rock
and through over-burden which 1s not susceptible to collapse. In this method the impact
mechanism blows directly on the deill it and accompanies it down into the hole,
Compressed air for the impact mechanism 13 supplied through doll tubes which are jointed
as required as the drilling advances. The same atr 1s, after it has passed the hammer, made use
of for flushing. The necessary rotation s supplied from a rotation unit connected to the
upper dell tube.

As the drill tubes are not required to transmit the violent impact energy of the hammer,
they can be manufactured with large diameter and stif be relatively thin walled. This gives the
method better flushing characteristics than conventional top hammer drilling. Theoretically,
the rate of penetration is independent of the hole depth with the DTH method no water 1s
required during drilling, The equipment is also cheaper and lighter as a much smaller
comptession 15 required than for top hammer doilling,.

{iv) Hydraulic Jet Method

This 1s the best and most ¢fficient method for small diameter botes in soft soils. Water is
pumped into the boring pipe fitted with a cutter at the bottom and escapes out through the
annular space between the pipe and the bored hole. The pipe s totated manually with the atd
of pipe wrenches with a steady downward pressure. The soil under the cutter gets softened
and loose by the action of the jet of water and is washed with it as the cutter proceeds, down
with the weight of the pipe. Additional lengths of pipe are added till the required depth is
reached. The wash water emanating from the annular space indicates the type of soil that is
being encountered by the cutter. When the desived depth s reached, the pipes are withdrawn
and the well tube with the strainer is lowered by the same process using a plug cutter with
the plug removed instead of the ordinary steel cutter. When the pipe is in position, the plug
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i5 dropped down to seal the bottom. Then the twbe well is cleaned by forcing water through
a 20 mm pipe lowered right to the bottom of the tube well. Then it 15 withdrawn and the
pump fitted on top.

For bigger diameter wbe wells, casing pipes ate used and mechanically driven pump set is
used for jetring. The tube well pipe with the steainer is lowered into the casing pipe and the
outer casing withdrawn, Generally compressed air is used for deve (}péﬂg the well. To
economise the use of water during the operation, the wash water cattying from the bore 18
Jed to a sump wherefrom the water is again drawn for being forced mto the bore.

F

(v} Reverse Rotary Method

In thas method the water is pumped out of the bore thmu&h the pipe and fed back mto
the annular space between the bore and the central pipe. No casing is wquuui in this
method which 15 used only n clayey soils with hr e ot no sand. This method s sutable for
large diameter bores upto a depth of 150 m. The cutting pipe is clamped to a turn-table
which rotates aiow%y {)g}u&tmg the cutter. The water pumped out of the tube contains the
washings and is led to a seres of sumps for effective sedimentation of the solid particles
before the water is put back to flow into the bore, Bentonite or some clayey material which
can adhere to the sides of the bore firmly, &5 used from time to time.

After the required depth is reached, the pipe with the cutter is taken out of the bore and
the well pipe with the strainer is then lowered into the hole, The annular space between the
bore and the well screen is then shrouded with pea gravel.

(vi) Sludger Method

In this method the boring pﬁpaf with the cutter attached 15 raised and lowered by lever
action and the bore filled with water from a sump nearby. When the boring has proceeded 2
few metres down, the pumping out of the water from the inside of the bore pipe is carried
out in an anprovised manner by the operator closing the top end of the pipe during the
upward stroke and releasing it during the downward stroke. This method when done with
quick up and down strokes enables the washings from the bore pipe to come out of the pipe,
The bore 15 always kept full with the water from the sump. Bentonite or some clayey matertal
is added sometimes. This method is suitable for depths upto about 50 metres. When the
proper depth 15 reached, the bore pine is taken out and the well tube with the strainer is
towered as in other methods. This method is suitable for small diameter wells in soft soils
and medium hard soils. This is particularly applicable for use in areas not easily accessible
where labous 15 available for the unskilled complement,

(vit) Casing of Wells

Wells in soft soils must be cased throughout. When bored 1 rock, it 18 necessary to case
the well atleast through the soft upper strat 1o prevent caving, xaxmg is also desirable for
the purpose of c.xclmmg surface water and it should extend well mto the solid stratum
below. Where artesian conditions exist and the water will eventually stand higher in the well
than the adjacent groundwater, the casing must extend into and make a tight jomt with the
impervious stratumy otherwise water will escape into the ground above.
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If two or more water bearing strata are encountered, the water pressures in different
strata are likely to be different, that from the lower usually being the greater. Where different
pressures thus exist, it is only possible to determme their amount by separately testing each
stratum as reached, the others being cased off. This operation 15 an essential part of the
boring and should be carefully performed. Important differences in quality and yields are
discovered 1n this way.

When quality stratification exists, which may be ascertamed from geophysical logs or
drll-stem tests, blank casings should be provided aganst zones containing undesirable
quality of water and the annular space between the casing and hole wall should be sealed
with cement grout or packers. This will ensure that the fresh water aquifers are not
contaminated by leakage.

Large casing s generally made of welded or nveted steel pipe. For smaller sizes of pipes
which are to be driven, the standard wrought iron pipe 15 ordinanly used, but for heavy
duving extra strong pipe s necessary. The hie of good heavy pipes s ordinanly long, but
they are hable to rapid corrosion due to the presence of excess amount of carbome acid. The
use of rust resisting alloys would be econornical in such special cases. Non-reinforced plastic,
usually PV, casing upto 100 mm dia and reinforced plastic casing and fibre glass for longer
da upto 400 mm are coming into vogue.

(viiiy Well Strainer and Gravel Pack

In providing the strainer arrangement whereby water s admitted and sand or gravel
exchuded, it is desirable to make the openings of the stramer as large as practicable m order
to reduce friction, while at the same time preventing eatrance of any considerable amount of
sand.

The openings in well strainers are constructed m such a fashion as to keep unwanted sand
out of the well while admitting water with the least possible friction. In fine umform strata,
the openings must be small enough to prevent the entrance of the constituent grains. Whete
the aquifer consists of particles that vary widely in size, however, the capacity of the well 1
improved by using strainer openings through which the finer particles are pulled into the

well, while the coarser ones are left behind with mcreased vord space. A graded filter 15
thereby created around, with the aid of back-flushing operations or by high rates of
pumping,

The selection of the well screen 1s important; on it depends the capacity and the life of
the well. The size of the openings may be selected, afier a study of the mechanical analysis of
the aquifer, to permit the passage of all fine particles representing a certain percentage, by
weight, of the water-bearing material. It s common practice to use openings that will pass
about 70 per cent or more of the sand grams in the natural aquifer whose uniformity
coefficient should range between 2 to 2.5, For soils with a uniformity coefbicient less than
1.5, gravel shroud should be used. The shape of the openings should be such as to prevent
clogging and bridging, which can be diminished by Ve-shaped openings with the larger end
towards the inside of the well. Long, narrow, horizontal or vertical stotted pipes are preferred
for large diameters. T'he openings should be placed as close together as the strength of the
screen will permit,
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The total ares of the opetings in a screen should be such as to maintain an entrance
velocity less than hecessary to earry the finest particle of sand that is to be excluded by {h:c::
screen. In general, it should be less than about 4 10 6 cm/s. with gravel shroudmg. It 1s
generally destrable that the length of the screen is made slightly less than the théc]{mess of the
aquifer penetrated and placed centrally in respect of the aquifer. The length, Fii?k‘i’}”iéfté‘:x and
total area are mier-dependent dimensions that must be adjusted to give the desired entrance
velocity. Some margin of safety in screen size is desirable to allow for incrustation and
clogging and to prolong the life of the sereen.

Where the water- bearng sand stratum contamns litle or no gravel, it 1s very advantageous
to insert a laver of fine gravel between the strainet and the sand strata, thus permitting the
use oflarger orifices in the strainer and greatly decr casing ground friction. The gravel wall so
provided z:"rzm vary in the thickness to suit the size and depth of the boring. Tt may vary from
10 em to 25 cm, but 1t ss usually 10 em. The size of the gravel to be provided would be
deaded by the particle size distribution in the layer penetrated and the slot size in the well
screens proposed to be adopted. Since screen sizes can now be custom-tailored to fit any
grading of desired gravel, there is a shift from the former mudtiple (concentrically placed)
gravel packs o single ones.

Well effectiveness and performance may be adversely affected if the gravel pack ratio,
that 15, the mean size of gravel divided by mesn size of formation material, exceeds} 5.
Beyand this linit, wells may require longer ime for development or, if the ratio is excessive,
they may turn our 1o be sand pumpers ultimately resulting n fadure. The gravel size should
be related to the size of the formation materials in the finest section of the aquafer materials
agamist which screen is provided.

I gravel packed wells the screen size should be félared to the gravel in about the same
manner as it 1s related 1o the aquifer materials in 2 non-gravel pack (for natural pack) well, ve.
it should correspond to the size that separates YU per cent of coarser fractions of gravel.

(a) Bimetal Strainers

For small driven tube wells generally of 3 cm to 5 om dia, the strainers are generally of
bimetal-sometimes called jacketed strainers. Tt consists of a galvanised won pipe with about
300 rectangular slots of 1 em x 1 1/2 cm in 2 standard length of pipe of 1.8 m, having an
area of opening of about 17% covered with a brass wiremesh of 24 or 32 mesh which again
is enveloped by a perforated Drass metal sheet of 26 gauge, having about 2 1o 3 holes of 3
mmne dia per em” or an oarea of opentng of about 18.5%, "The effective area of opening
resulting 15 roughly 5 t0 7% These are available upto 150 mm dia. Gravel shrouding s not
cssential for this type of strainer.

() Monometal strainers

e . . . . . P Ve s

Fhe monometal type is of 2 single metal with diameters i the range 30 mm to 300 mm
s 2o 3 mm thick. These have Veshaped slots of varying
812e5 Lo permit a proper sclection of strainer 1o suit the sand size in the aguifer, blots 2.5 mm

usuatly fabricated feom brass shee

wide and 30 nun long are usual,

v

A thin gravel shroud (50w 75 mrm) 15 also provided in some cases.
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Sometimes the brass monometal strainer is strengthened with an inner .1 slotted pipe
for greater rigidity and longer service.

(c) Slotted Pipe Strainers

Galvanised iton or brass pipes having bigger slots about 3 mm in width and 750 mm m
length are provided in-conjunction with pea gravel shroud, 100 mm to 250 mm thick, The
slots are V-shaped with the smaller opening on the outside. The gravel shroud makes it
possible to use strainers with large sized slots and abstract a larger vield than is otherwise
possible. The slots ate preferably to be kept horizontal with unslotted strips left between
suecessive rows ot columns of slots.

The advantage with this type of strainer over the others is that there is less damage by
galvanic action or chockage due to incrustanion.

(d) New Type of Strainers

Strainers of different makes are marketed cliiming specific advantage for each. One such
is a slotted mild steel pipe core, coated with special anti-corrosive plastic paint and provided
with an enveloping graded sand chroud bonded with heat resiseant, water repelant plastic.

Strainers made of special alloys such as stawless steel (types 304 and 316), monel metal,
red brass etc., are also used where indicated and if avatiable.

High density polythene or P.V.C. and metal combined strainers are gaining popularity in
view of their non-choking, non-corroding and non-incrusting propetties which give loag and
uninterrupted service.

5.7.6.2 Infiltration Galleries
{ay Wells Vs. Galleries

Infiltration galleries offer an improvement over a system o f wells, in that a gallery laid at
an optimum depth in a shallow aquifer serves to abstract the sub-soil flow along its entire
length, with a comparatively lower head of depression. Morcover, i the case of a multiple
systera of infiltration wells, the frictional losses contributed by the several connecting pipes
diminish the draw-down in the farther wells to that extent and the utility of a well becomes
less and less in the total grid. All the same, wells have o be located with a minimum distance
in between each pair, so as to avoid mutual tnterference under normal pumping. Tt also
becomes uneconomical to lay long lengths of connecting pipes in river beds at depths where
constructional difficultics add to the cost of their laying and jointing agunst high sub-sod
water level conditions. These pipes are themselves vulnerable to damages from undue scour
during high floods if adequate safeguards are not provided. The pipes are hable o break at
their junction with the well steining, should there be a subsidence of the well structure under

floods.
{b) General Layout

Fssentially, a gallery is a porous bareel inserted within the permeable layer, cither asially
along or across the groundwater flow. A collecting well at the shore end of the gallery serves
as the sump from where the infilerated supply is pumped out. The collecting well is the point

at which the maximum head of depression ix imposed under pumping operation, the
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depression head being diffused throughout the length of the gallery to nduce flow from the
farthest reach,

The exact abgnment of a gallery must be decided with reference to the actual texture of
the sub-sod layers, after necessary prios investigations to map out the eatite sub-soil. A
gallery could be lard axially along 2 river or across a river. In both the cases, the head of
depression induced is the factor mnfluencing the abstraction of the sub-surface flow into the
gallery liner; and the zone of mfluence excrted along the entire lengsh of the gallery line will
have the same vamations urespective of the direction of the gallery. A cross gallery would
have the advantage of the same potential head in the sub-soil water level along its entire
length, whereas the axial gallery will have a varving potential in the sub-soil water level, frgm
a maxmmum at the {arthest end upstream, to & munimum at s other end down stream. But a
cross gallery has a distinct advantage when it is used as an instrument for abstracting the
maxunum avattable sub-surface flow, in the nvecbed if this was possible, in which case the
cross gallery becomes virtually a suby-surface barrage.

(¢} Structure of a Gallery

The normal eross section of a gallery comprises loosely jomnted or porous pipe or rows of
pipes, enveloped by filter media of graded sizes, making up a total depth of about 212 m and
a width of 2 1/2 m or above, depending on the number of prpes used for collection of the
mnfiltrated water. The enveloping media round the collecting pipe functions more as a graded
plug whereby watet from the sub-surface sandy layers of the river bed is abstracted without

-

drawing m fine particles at the same time. Total reliance need not, therefore, be placed on
the filter media of the gallery as such, for effecting the full scale purification of the inflow.

The gallery has necessarily to be located sufficiently below the lowest groundwater level
i the aquifer, under optimum conditions of pumping dunng adverse seasons. The gallery
should, of course, be located lower than the scouring zone of the river bed under high
floods, so that the top-most sand layer of the gallery media temains undisturbed at all times,
The natural permeable layers of the aquifer over the gallery media serve as the initial filtermg
layers for the sub-soil flow and also safeguards the gallery from scouring effects.

The disposttion of the filter media around the porous collecting pipe and the particle size
distribution for each layer of the media are of importance. If the ivert of the gallery 15 taken
up to an impervious layer, there is no need to provide any filter media undemeath the
collecting pipe except perhaps a nominal layer of coarse aggregate to separate the pipe from
the soil immediately below and 1o ensure a uniform bedding for the pipe. The galleries
consist of etther 2 single or double row of stoneware or concrete pipes loose jointed with
cement lock filters. Perforated PVC pipes can also be used. The pipes are laid usually
horzontally or to a gradient if aligned in the direction of flow. The coarse aggregate envelope
i the pipe material is in three layess, followed by coarse and medium sand layers, as detadled
below:

Filtering medium near pipe line - 38 mm broken stone.
Znd layer - 38 to 19 mm broken stone,

3rd layer . 12 to 6 man broken stone.




4th laver - Coarse sand passing through a sieve of 535 mm size and retamed on
a sieve 1.70 mm size.

5th layer - Fine sand retained on 70 micton sieve and passing through 1.70 mm
sleve.

In the older practice, the pipe was surrounded on three sides by two or three layers of the
coarse media, while the finer layers of the conrse media and sand formed fucther hovzontal
layers on the top alone. This 15 not quite rational, as the entry into the gallery is also through
the sides and a repetiion of all the layers of the enveloping media on both sicdes of the
collecting pipes 15 also necessary.

The particle size distribution between each successive lager should pre ferably be based on
a multiple of four. Precast perforated concrete barrels arc also used as collecting pipes with
the enveloping media on the three sides.

Filter media round the gallery pipe-line may be said to funcron like graded plugs 1o
infiltration well bottoms. In the latter case, the plug has to be designed to st the actual
particle sizes of the sub-soil lagers on which the well s founded, tn order to afrest the entry
of fine particles into the well under connnuous pumping operation and to mduce a greater
head of depression than 15 otherwise possible without the plug, It eventually serves o train
the yield into the well and increase it to an optimun quantity under actual pumping
operations. Likewise, the enveloping media round the gallery pipe line is best designed to sutt
the actual layers of the subsoll which will immediately surround the gallery media.
Preliminary boring operations and sieve analysis of samples could help to dectde on the
different variations in such sub-soils, so that if a gallery system was on an extensive scale, the
gallery media could be designed suitably for the different reaches, 1 order to obtain

maximum yield under optimum heads of depression.
(d) Constructional Features

The constructional features during the execution of such galleries are of mnportance.
Trenches are dug with adequate shoting or piling facilities right down to the recuired level
dectded upon for the mvert of the gallery, which would normally be placed several metres
below the sub-soil water level, a greater depth indicating a greater potential for the yield from
the gallery. The gallery can be laid under water, if dewatering the trench completely for the
purpose is not feasible or economical. Manholes should be provided at intervals of about 75
m for inspection. These are sunk into the bed be fore the gallery is lmd and the tloor of these
wells are taken a litde below the invert level of the gallery pipe. The pipes are covered with
R.C.C. slab with water-tight manhole frame and cover.

A practical limit on the yield potential of the gallery 15 st by the diminishing effect of the
depression head, if the gallery 15 unduly extended from a single point of pumping Fot
maximum cffects to be reaksed, the pumping operations are best located centrally with
reference to the gallery grid, with manhole wells focated at the junction of all gallery arms as
also at the blind end of each gallery arm. The arcangement could be duplicated with a second

should be too exrensive and unwieldy for o sing

total length of gallery under any stgle arangement is the ratio between the total quantity
&0

purnping point, if the god system necessary 0 abstract the required quantity of supply,
- pumnping point. The limiting factor for the




abstracted and the total sub-surface flow in the river past the gallery section. So long as the
flow abstracted 15 less than the total flow past the area, additional gallery systems could be
mserted i the same area, with one or more pumping points, in order to draw out the
maximum quantity. When the maximum quantity possible has been abstracted through a
gallery system at a simgle location, the potentiality of the source at that point will have been
fully explotted. In such a case, any augmentation of the supply from the same river as the
source will have to be attempted at 2 new point either upstream or downstream, with a
distance left in between, such as would bring into the stream course adequate supplies from
the catchment, which could be tapped, without affecting the yield from the gallery already m
service.

When infiltration gallery systems are inserted in aquifers with confined groundwater, the
rate of abstraction from the gallery must bear a practical relation to the replenishable capacity
of the sub surface area which comes within the influence of the gallery under pumping.

The provision of a gallery within a tank or a lake-bed suffers certain inherent
disadvantages in that the static water on top, in a state of continuous sedimentation, builds
up a silt blanket on the top of the gallery, which may retard the free passage of water through
the lake-bed under-fayers and into the gallery media. Periodical removal of the surface silty
fayer so collected would overcome such a h andscap.

(e) Check-dams

Under cortamn conditions, the provision of a sub-soil barrage or check dam across a river
just downstream of a gallery system, helps in mnundating the river-bed area over the gallery
and providing permanent saturation of the sub-sofl layers contributing to the yield through
the gallery. “T'he barrage is usually keyed into the river-bed on an impermeable layer and into
the banks for it to function successfully. Incidentally, it would also save the gallery system
agamst damages by scour during floods,

5.2.6.3 Radial Collector Wells

A collector well consists of 2 cylindrical well of reinforced concrete say 4 to 5 m in
diameter, going into the aquifer to as great a depth of the sub-strata as possible, Le. upto an
mnpermeable stratum, Normally the saturated aquifer should not be less than 7 m above the
top of the radial pipes. From the bottom of the well, slotted stecl pipes, normally of 200 mm
to 300 mm diameter on the inside and going upto 30-35 metres n length are driven
horeontally. The length s determined by the composition and yield from the aquifer. The
drain tubes are made up of short length of pipes each 2.4 metres in length which are welded
to cach other clectrically one after the other.

These steel pipes are driven horzontally nto the aquifer by means of suitable twin facks
placed in the well and crossing the sicining of the well, through the special openings or port
holes. At the same time, desanding operation is carried out through the head of the drain
pipes. This operation is very important and results in the removal of all the fine particles in
the alluvium thus increasing the draw-off,

A sketch of a collector well 1s given in Appendix-5.7.
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(a) Desanding Operation while Driving Radials

An important operation in the deiving of the drains is the operation of desanding of drain
rubes of 200 mm to 300 mm dia which will remain mside the sand bed bemng driven o a
certain distance. An inner tube is then ntroduced mto the dran which s used for sending a
blast of compressed air for loosening and separating the fine particles of the alluvium at the
head of the drain. When the compressed air is tumed off, the pressure of the water, due to
the head of the water table, enables the fine particles into the intenor of the well to be
carried until clear water without any fine particles is obtained. This indicates that the pressure
of the water is insufficient to move the fine pacticles. Then the drams are derven further.

This process ensures formation of big sheath around the steel drain, composed of the
coarser particles 1n the alluvium; this sheath wself forms a drain of large section of a reverse
filter. During the course of desanding, the quantities of sand removed are measured carefully
which enables one to estimate the diameter of the sheath thus formed around the dram.

(b) Advantages

iy The surface of draw-off of collector well is many times greater than that in the case
of an ordinary or traditional well. Ir also ensures a very low velocity of flow with a
high total vicld.

i)  The danger of clogging 1s eliminated by the process of desanding which removes
all fine particles around the drains and creates a high sheath through which a large
yield with low velocity 1s obramed.

) The collector well uses 90% of the head available from the water table whereas
ordinary well under water table condions can use only 66%.

(v)  The collecror well is able to obtain high yields varying from 500-2500 m’/he
depending upon the strata and depth of submergence.

(v)  The draw-off from a collector well 15 regulated by valves controlling cach radial
pipe. The valves have shafts extending to the top of the well, which make control
and regulation of the supply casy. This also enables the well to be easily cleaned by
closing the valves, if cleaning 1s ever necessary. The faciiy of cleaning by repeating
the desanding process, 1f at all there 18 any dogging and resulting falhing off m the
vield, ensures a much tonger life for the mstallation, while cleaning of mbltration
gallery 1s difficult and expensive.

(viy  In coarse and saturated river beds, installation of radial collector well systemn is

P

cheaper both i capital and operation costs than any conventional method.
(¢} Limitations
(& A saturated aquifer of minimum depth of 7-8 m is necessary,
(11) The aquifer should be coarser than 2min,

(111) T'he aquifer should be homogeneous and loose,




