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Module - 03
Collection of water
Lecture - 14
Groundwater Yield

Welcome back=! In lecture-14, we-wil-talkabeut-Groundw-Water Yield will be discussed.

(Refer Slide Time: 00:38)

Concepts Covered

» Groundwater flow
» Darcy’s Law
» Measurement of yield of an open well

» Measurement of yield of a well

The different concepts that would be covered in—this—partienlarteeture—will-be—onare

groundwater flow, Darcy’s Law, measurement of yield of an open well, and measurement of

yield of other wells.
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Groundwater flow:
Depends on:

Hydraulic ~ gradient and  characteristics of
aquifer(Permeability).
Permeability: Rate of flow of water through an aquifer of

unit cross sectional area, under unit hydraulic gradient at
15° C temperature,

he byl heod

Groundwater yield: i patien= h, -,
I

It is the quantity of water extracted by gravity drainage |
from a saturated water bearing stratum.

Porosity= Specific yield + Specific retention

—_

Se-Wswhen we talk about groundwater flow, we-have-alreadytalked-abeut-permeability and
we-have-alreadytalked-abeut-groundwater yield inthewere covered in earlier lectures. Se—we

wotld-say-that The groundwater flow depends on hydraulic gradient and the characteristics of

that aquifer (:-by-characteristiesofthe-aguifer -mean-permeability of the aquifer). Ard-Few
other things also play a role-definitely, but in when—we-talk-abeut-ground water flow these

two are the twe-primary criteria that hastemust be actaally-investigated.

HSeshydraulic gradient:

In this-partieslar image thisthe- blue zone is the—this-bluezone-is-thisparticular-area—where
this-isthe-blieis aquifer and—And you can see the level of the water table in this partictlar

aquifer.

Se;-Tthe water table is moere-or-less—certain few—metresmeters below the surface—from-over

here. And-we—can—see—that-Iif we take a reference plane-er—maybe—the—impervious—stratem
below-or-we-can-takejust-ike-youknewareferenceframe, we can see that “h,” is the height
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of water table at this-a particular point, and “h_” is the height of water table at this-another
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partieutar-point from this-thepartiealar reference plane. T

Serthe difference between these two height divided by the distance between these two places

this-given by-by "L}’ is_—basieally-the hydraulic_gradientthe-differeneebetweenthisheight
then—there—is—. Hydraulic gradient can also be called as slope of the piezometric surface or
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Se;-Tthis difference in height is what aetaally-enablesenables water to flow from one point to
another. -Se;-hydraunliegradient—se-Geround water flow depends on this hydraulic gradient

between these two points, ard-alseand the characteristics of the aquifer or the characteristics
of theis partienlar—seilsoil viz.—And-the-by-characteristies—we-mean the permeability of the is
sorenlaailioll

Now;letus—go-threughTalking about permeability, it —H yourememberpermeabiity-is the

rate of flow of water through an aquifer of unit cross sectional area under unit hydraulic

gradient at ﬁﬁ—éegee@%enﬁgmée temperature.;-temperature: Now—whatit-meansisitis

also-change—SeTherefore, permeability is the constant or as-a coefficient that we-will-use-in

eurcan be used in the final model.

GAnd-groundw-water yield-is-equal-to-we-have-alse-learned-aboutthis-thatis-it is the quantity
of water extracted by gravity drainage from a saturated water bearing stratum. TSe—that
means, theis—is already—water is_already held inside the saturated water bearing stratum of
thehis aquifer.

Hangend: 1,27 cm




And-then—we-say-that-Ssome amount of water would be retained within it, and some amount

of water will come out by normal gravity drainage. So, theis water which is extracted from

the aquiferthat will-eeme-out-is basically the water that we can aetaallygetutilizeget, w—Se;
thich is termed ass is-ealed-the specific yield of thethatferthis partiewlarsetsoil. So, ground

water yield and permeability together can be used to formulate a relationship between the

flow, the permeability and the hydraulic gradient of the place.

(Refer Slide Time: 04:47)

Darcy’s Law:

The flow of water through an aquifer is governed by Darcy’s Law, which states that the rate of
flow{laminar flow) is directly proportional to the hydraulic gradient and
the area of cross-section of the soil.

Q o< S (Loss of head or hydraulic gradient )
Q=KSA = Q/A=KS
E—

Q= Flow of water in soil

K= Darcy’s Coefficient of permeability

V= Velocity of the underground water(specific

discharge velocity)

A= Total Area

S=Slope of the hydraulic gradient line(dh/dI)
—_—

V=K. dh/dl
—

Darcy’s Law (substituting V for the term Q/A):

News-Darcy’s Law states that the flow of water through an aquifer is governed by Darcy’s
Law, and-which states that the rate of flow—inthis-particularease-therate-of laminar flow is

directly proportional to the hydraulic gradient and the area of cross section of the soil.

Sor-when-we-want-to-have-when-we-want-to-decide-Ffor a particwlar- weHwell which:-then-the
wel has got a larger surface, —Se—we—ebvieushy-we have-temust multiply with the overall
area for thehispartienlar value.

Serwhat-Thus, is-Q which is the flow of water is directly proportional to S which is the loss

of head or hydraulic gradient as per the this+is—what-Darcy’s Law-state, and-thes it is also



proportional to the eress—seetionalcross-sectional area of the soil. ThereforeSe, Q is
proportional to S and A. Se—thisThis is balanced using theis coefficient K which is the

Darcy’s coefficient of permeability.
So,Q = K X§ X Ate KSA;

where Q is the flow of water in the soil, K is Darcy’s coefficient of permeability, V is
velocity of the underground water. T—And-thishe velocity of underground water is basically

the specific discharge velocity, that-meansviz. --the velocity at which the water is coming out

of that partieslar-weHlwell.

And-ther-A is the total area, and S is the slope of hydraulic gradient-}ne which is given by dh
by/-dl.-Se; Wswhen we-know-the-slope-of-the hydraulic gradientline, -and-weknow-the total
area_is known, the amount of vield from a well can be easily determined we-can-determine

based on the permeability of the surrounding soil.-what-weuld-be-the-ameunt-of-yieldfroma
cul Hywell ¢ e eul isoil

So, in Darcy’s Law, if wel substitute Q by A by V whereieh+is Q is the total flow of water

divided by area that gives us velocity, and then we get, V is—egualto= K X —into-S or V is
egrat—to= K into—X dh/~by—dl. Se—this— i i
intoinvestigate—Seo;-veloeityVelocity is also depended on the hydraulic gradient i.e., —Fmore

is the hydraulic gradient, the more would be the velocity of flow or the discharge velocity

from that partienlarseisoil.
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V is commonly referred to as the specific discharge velocity.

Specific discharge (not actual velocity of groundwater flow)

Flow takes place through the pores. Porosity ( 20 to 40 %)

Actual groundwater flow velocity is three to five times the specific discharge.

V, = Actual velocity of percolation

Vp =_\_//P V = Discharge velocity (into the well)
— = p = Porosity

Groundwater velocity(Empirical formula: Hazen's formula):

‘.
KSID;?
V=—=210 (18T +.42)
60 —
K"= Constant with approximate value 1000
T=Temperature in°C
V= Velocity of the underground water flow in m/day
S=Slope of the hydraulic gradient line
D= Effective size of particles in aquifer in mm
(10% of particles will pass through this size.)

Though News—V is as—we—are——sayins—even—though—weare—ealling+t-movement of water
underground, it is basically the specific discharge velocity which is different from the actual

flow of water inside ground.

Se-lit is the specific discharge and is—not the actual velocity of ground water flow, and

because flow aetaally-isis takingplace-insidehappening inside the soil there-arewhich has let
of-pores-in-the-seil. —Se-The water has to travel in between the pores; and #t-is-not a straight

pathpath-eryeuknow-a-straight ferward flow-like-that. Se-in-thatsense;Therefore, -the water

hastemust travel a larger distance. So, -actual groundwater flow velocity is basically 3 to 5

times the velocity of specific discharge-erthe-speeifie-discharge.;+ight:

So, ereundwater—aetual-ground water flow velocity thatis-V p is given by,

Rrho is porosity,
and V is the discharge velocity into the well i.e., basically-when water comes out of a opening

inside the well, whereas—And-this V p is the actual flow velocity within the soil.

Now;—thereThere are certain empirical formulas which areis—alse been derived through
experiments ef-eourse-to determine ground water velocity inside soil,—And-ene-of-that -one of



those formula is the Hazen’s formula.-where-V-issivenas-equal-to K-dash-dash-inte-S-inte- D

eothetescnnee bl L B0 date Lo b O s e b nee Rl b o L
; 2
y =25 XP qar g4
= 0 (1. 42)
Sewe-ecanseethat-V is proportional to;se-there-isseme-effeet-of T which is temperature,
you—remember—we—were—saying—thatas—flow—happens—and permeability is the_flowre at 15
degree centigrade. So, temperature plays a role—Se;—F—is—there_and —And-V_thea—it-also

depends on S, whichS is nething-but-the slope of the hydraulic gradient line-the-same-S.—And
D, is basieally-the effective size of particles in aquifer in millimeter. -Asd-D,;o B0
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signifies 10 percent of the particles will pass through a sieve of this particular-sizesize.

aquiferin-millimetre—Se;Tthe sizesize of the particles is also an indicator of porosity.-Se;

And-K” K-dash-is alse-that-constant with approximate value of 1000. It isa-censtant-whieh-is

for the permeability and other constants. —Aned-then

So, overall this equation could be-alse used to determine velocity of flow inside the ground,

and theat unit is in metre per day.-ek
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Wells:
Dug wells, Tube wells

Measurement of an open well yield:

The difference of head between the water level inside the well and outside the well will cause flow of
water inside the well to meet the requirement of the pumping. The difference in head causing the flow
is known as depression head.

Darcy’s law: Velocity increases with increase in head and the shape of the water table around the well
takes the shape of curved cone and is called cone of depression.

a. By actual pumping method: Rate of pumping same as rate of percolmn."
e

4

b. Recuperating test method: Pumping is done and then stopped; then the
rate of rise of water table is determined by calculating the quantity of
water percolating inside the well.




So, now that we know how to determine the yield of ground water and—Fhe-nextthinsand
alsealse—weknow—that-hew—whatis the velocity of flow of ground water, wwe anew—can
determine the sert—ef-yield er—whatsert—efand quantity of water we can get—obtain from

partiestar-weHlswells.

And-+tThere are different kinds of wells.

We talk about two kinds of wells over here. One is the dug well which is a standard well that

you see in many houses and in most eases—itcases it is —it—istike—a—individual—we—will
aetgallydug by is-human-sbei e

and-Tthis is only possible when the ground water table is at a pretty high level.

And-Tthe other is tube wells. Tube wells are eeuld-be-also-put up in certain buildings means
in-eertainand real estate development projects or-maybe the municipality even can draw water
using deep tube wells. And-this-Bboth this kind of groundwater sources are used in urban

areas,-and-alseand rural and semi-rural areas.

And—Wwe need to understand how much water can be drawn from these partienlar
seureessources. So, this is something where we try learnlearning about the measurement of
aan open well yield. First Se;first-we will learn about how to measure the yield from a dug
well or aan open well, and then we will learn about how to measure the yield from a tube

well.

Se—the-hoewHow is this measurement done;—the—and-how-do—we—measure—that? There are
different methods-ef-—eeurse, —bBut first efalallt-would-like-tesaythe difference of head
between the water level inside the well and outside the well will cause flow of water inside
the well to meet the requirements of pumping. Se-thatWhich means, the;~what-whenever you
dig dig—a-hele—in—theground-or-a well-in—this—particular—caseease; the water table in the

surrounding soil and the water table inside the well would be at the same level.

New—flf you start drawing water from the well either by means of a pump or by justeu
knew—usins—ecertain-buekets—or-using containers_like buckets, in that case, the water level in
the well goes down, this is when t—And-whenit-gees-deown—then—what-happens;—the water
levelfromthesurroundingareas—wil-tryto-youknew-water from the surrounding areas will

try to enter into the well from the bottom of the well.




SopediEerenan tn bendeane e che Hlose bope befethasmienne - Tihe dieesnesditforonees in
hydraulic gradient between the inside and outside the well —partiettaris known as the

depression head. é—Se;this—i—And This hydraulic gradient- wil-also ensures that water will

flow from the surroundings into the well.

And-As Darcy’s Law states that velocity increases with increases in head, —Se;-this-is—what

therefore, what

we-see-ts-beeause-n-the—velocity-of flow—inercases—with-the-head—Seo—the more is the head

difference, more is the flow.

at-particuk whenever water flows inside this-partienlare well i—Seitt
is flowsing from the surroundings- and-Asnd usually-what we-see-that-the shape of the water

table around the well takes the shape of a curved cone.,-and whichthis is called the cone of

depression.

For instanceSe-that-means, if there’s Hiaveagroundlevel-andif F-havegot-a well, andi1
see-that-this—is—thewith a certain water table_around the area and -in-that-particular-areaarea
thoweh—Se—when—we draw water suppesc—the—waterlevel-in—the—wel—is—over—-here—Seo;
definitely—therethere is a difference in between—the hydraulic gradient between the
surroundings_and the well.;right

So, we-will-see-that-theis water table bends gradually—Asd while this-is-where-the-waterfrom
the-aquifer-will-start flowing—inside-the-wel-and-start entering inside the well. ;right—And
soso-this-water-table-aetaally gets-bended—And-why-Tthis bend happens because the more is
the hydraulic gradient, more would be the velocity, and more would be the velocity more will
be the bend. ThereforeSe, sradually—the more you come near to the well you see a more
bended surface. Se-thatWhich is the reason it is—why—this-is called as knewn-as-the cone of

depression.

And-thenthat-thereThere are two methods hew—we-can—actually-measuremeasureto measure
the yield of a well, where—this—twe—methodsthese—two-—methedswhich are —ealed-the actual

pumping method and the recuperating test method. In

Serthe-actual pumping method_—+tis—pretty-straightstraisht forward—that-means;-the rate of

pumping is adjusted using a variable pump may-be-suche that-the it would be same as the rate



of percolation. Rate of percolation means the amount of entry of water inside the well. Se;
that-means;the;On-we needs towill adjust the rate of pumping suche that it matches with the
yield of the well-right.

And-we-ean-say-from-theBased on the -rating of the pump, we-can-determine-whatis-the yield
of the partienlar-welwell can be determined. —Alternatively we-ean-de-semethingealled-a
recuperating test can be done, methed-where water is pumped pumping—is—dene—and then

stopped-in-its_a—And then the rate of rise of water level inside the well is used to determine

the quantity of water percolating inside the well.

Seoence-we-stopAs the pumping_is stopped, that-means—the-there is some difference in the
head, and then the we-see-at-what-time_at which -the water will rise eome-up-and-howmuch
water-ts-goteto-come-tp-and-wels ean-measured-that-within-that-particlartimetime, based-
And-based on whichthat—we—ecan—determine the yield of the partiedlar—welwell can be

determined.

(Refer Slide Time: 16:03)

Inverted cone of depression.

Base of cone on the water table is called circle
ol LA L L

of influence.

iy

Inclined side of the cone is drawdown curve.

Watertable while
—— Drawdown is the drop in the water in the

well after pumping.

Waterlevelat wel

Spacing of tube wells: 1.5 sq.km/tube well

,,,,,,.,m,,,,,‘,r 3 Discharge: 45 litres/sec in Indo Gangetic plane
e 120 hectares: Commanded area of well

The abovese—msre—hevandoerina borar flopes dahis soartenlas Sonpetionre, rou-—onn

see—that—this—is the well with a that-has—been—drawn—this—one—And-then—you—can—see—the
diameter efthe—wel-is-2r --and thisis-a static water table. H is the height of the static water

table, and the-small-h is the level of water after pumping. Se;-this-is-thelevel-of-at-where-the
water—table—is—right-new—And-Oence the water is well-starts-drawn from the welldrawing




when-youstart-drawingwater, then-yousee-the water table gradually starts bending.;and-then

And this difference is known as the draw down. a-big— Sethisisthe-differencethis—isthe
draw-down—And-thisThe curve is known as the draw down curve; and theis overall cone is

known as the cone of depression.

The And-the-cone of depression has—getatthewhen at surface level at-of the water table—¥ is

basieally-a circle. So, the circle orf the base of the cone is known as the circle of influence.

As an example, in a

real estate project with a —And-yeuhaveputin-a-deep tube well-over-here;—and—you—are

drawing-water-from-here—New, aas soon as one starts yew-are-drawing water, the surrounding
water table aectwally—isbends and water enters into this—particular wellthe-._Let us assume p

11 be bend Jike this.

New;—suppese-thispeople are actualy-drawingdrawing water from height-of-depth of around
300 metres_from this well. Se;-itis-apretty-bighig-deep-tube-wel-Now, yeu-there is havegot

another building, and due to resource constraints maybe-these-people-do-nethaveso-much
resoturee—Sor-they have dug a tube well till 100-—tH-maybe-youtknow100;-200 metres. Now

what-this—what-will happer-when wateris-attable-when-this people from the second building
draw water from their well, they will find that their And-beeause-the-water-table-has-bended;
twell areathere- havebe no water to be drawn—frem-this-partielar-welwell-becauseitisin

that-particalar zonezone-this-partienlar-well, because the well —News-falls in the zone where
there is no ground water at all(due to the bend in the water table). Hence, Beecausethe-water

this areabuildings

water-is—aectaally—youyoutnew—you-would not be able to ablefetch te-draw-water from this
partiealarareaareae well. Therefore,

~—we cannot have deep tube
wells at —V%f—y—V%l"—)FCIOSC proximity_s-and we also sve—reallyneed to estimate the yield of a

well.




too—many-deep-tube—-wells-in-eneprojeet—There hastomust be certain distance between the
deep tube wells. Few studies suggest like-1.5 square kilometer per deep tube well which is-

Se;-this—is the distance or spacing between the deep tube wells—yeu—ean-—say. Se-this-er—you
ean——say—120 hectares is considered as the command area of deep tube wells. The ;—and
discharge is around 45 litres per second in Indo -Gangetic plane. And—what-we-havefound

that-thatThe centre to center distance between two deep tube wells should be kept more than

600 metres.-Se—

This Sesthis-is how the the-this-phenomena-of-this-drawthis-phenomenon of thisis-bending of
the water table happens which is a huge and-that-aetuallyis-a-big-problem in urban areas. Se;
lin many-we-haveseenthatin-many cities people have-temustfind that the deep tube wells
have gone dry ;-and they-have-temust again put in a new deep tube wells which is atweuld-be

ata mueh-more depth, -to actually reach the ground water.
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Specific yield or specific capacity of a well in recuperating test
(Test conducted in summer to determine dry weather yield) —

'
Specific yield (CA—]can be defined as the volume of water released

%= 108y
AT S .
from storage by an unconfined aquifer per unit surface area of
e ——— PR T oy
aquifer per unit decline of the water table:
e ——
Where, 23
S,= depression head in the well just after pumping was stopped 1

S,=depression head at time(T) after pumping was stopped (hours)
%— Specific yield (C' is constant depending on the soil through which the water enters the well)
Q=C'S Where,
= %’ JLAS. Q= discharge or yield of the well(mt3/hr)
2.3 S
Q= (T Iogmg1 ) AS.
(If Aand S are known)
Sl

S= depression head of the well

A= cross sectional area (mt?)

Now, we-wilto determine the yield of a well; -orso-before-we-determine-the-yield-there is of
eeurse—specific yield or specific capacity of a well —And—wewhich can be aetually

determinedetermined #-using the recuperating test—n—this—partienlarexampleexample. And
Tthe test is conducted during summer to determine the dry weather yield, beeatse-efeetrseas

in summer the yield is lower.



Se—speeifSpecificy yield C’-dash/~A can be defined as the volume of water released from
storage by an unconfined aquifer per unit surface area of aquifer per unit decline of water
table. So, per unit decline of water table that-is the hydraulic gradient-yeu-ean—say and per

unit surface area of the aquifer.

in-this-ease—the-surface is ef-the-isjust-the area of the well which is a circle-efthe-of-this
particalar-diameterdiameter with area afeuﬂd—gpi—(gsquafe. So,-pi-t-squarc-is-the-arca-of-the
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wel-This And-using-this-area is from where the water will-enters the well.

The So-definitely-whenwhen-we-are-specific yield #Tmultiptmultipliedy by mr'-pirsquare;
then-we-getgives the yield of the well, and-if;-and-alseand-per unit hydraulic gradient. New—+f




Where, T is the time after pumping was stopped and is given in hours.

Se;ebvieusty-S,; and S, are the depression head in the well. And-the-S;+ is depression head

in the well just after pumping was stopped se—thiswhich is the lower level and S_; is the

depression head after time T—Se;—this—s after a certain amount of rise(of water level) has

happened inside the well.

Se-C’-dash/-A is a specific yield as—yeuhave-whiche -this-is constant depending on the soil
through which the water enters-intoenters the well. Se—this-depend-based-on—the-youknow
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Question: During a recuperation test, the water level in an open well was depressed by
pumping by 4 metres and is recuperated by an amount of 2.6 metres in 90 minutes.

a. Determine the yield from a well of 2 metres diameter under a depression head of 2.8

metres, R P ——

b. Determine the diameter of the well to yield 5 litres/second under a depression head

of 2 metres. e
Solution:
2.4 logw§l where,  S;=Initial drawdown = 4m
A TEuE il
-_ §,=Final drawdown = 4-2.6 = 1.4m

T=90 min:%: 1_5_2

o 8
715 %80Tz

=0.699 m’/hr.

Sesletussee-one-problem-—And-se;Question: -Dduring a recuperating test, the water level
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in an open well was depressed by pumping by 4 metres and is recuperated by an amount of

2.6 metres in 90 minutes. Se;—after90—minutes—it—was—recuperated-byan—-ameunt-of 2-6
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Ser-this-is-based-on-thefirstpart;-we-have-to-Ddetermine the speeifie-yield from a well of 2
meters diameter under a depression head of 2.8 meters. ef-the-well-C-dash-A—value-could-be

b. And-similarbysimilarly.—we—ean—alse—Ddetermine the diameter of the well to yield 5

liters/second under a depression head of 2 meters. atforto-getayield-ofcertainvalue tike S

a\ a de
P S O 0 O W t SHOtHt—™ aba—w S




Letussee-theselution-Solution: Sefirst-wedeterminethespecificyield-whichis-C-dash-A
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a. Yield from a well of 2 metres diameter under a depression head of 2.8 metres.,
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m m
= 0.699 x (1 x 22) X 2.8 = 6.146 7= 171 liters/sec
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<0699 x(%x 2)x28 =6.146m¥fhr =171 litres/sec.

—

Hochgestellt

Formatiert: Schriftart: 12 Pt.
Formatiert: Schriftart: 12 Pt.

b. Determine the diameter of the well to yield 5 litres/second under a depression head of 2 mts.
Q=5 litres/sec.

S ———
S "1%%3 60_q mihr;  S=2m Formatiert: Links, Abstand Vor: 0 Pt.,
o ————]  Do— Nach: 0 Pt., Zeilenabstand: einfach
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Yield of a well: [Rate of pumping (litre/minute)]
Thiem's equilibrium formula(gravity wells) Thiem's equilibrium formula(pressure/artesian wells)
mp K H-h? er— Thiem'’s equilibrium formula(infiltration gallery)

- omm— T,
’(_1-—2_3 X m*/day el

logyoR/r ——

~T.p K x 1000 ( H2-h? ) o
~23x24x68 )" ' log,,R/r %
Land surface

=K, x ( W) litres/min. ¢

Where, :D'“

K= Transmission constant of the aquifer
—_—

o
H= Static head / height of top water table from
impervious stratum(aquifer depth)

h= Height / depth of water in well just after pumping
r=radius of the well H’
R=radius of circle of influence

———Radis of infloe
—

Coneof

atcwater |
—— Satcwater o

Drawdayn in wel

Pumpig
water level

2hrh
/

Wellscreen

p =porosity or fineness of soil
K=constant(soil permeability, same in all directions]

The municipal corporation or the urban local body and commercial enterprises extract ground

wateriesyou- -then-they-willuseusing deep tube wells.-and-all:

they—pumplt is usually measured is-in litres per minute. T-And-so-we-need-+to determine the
yield of these-in-these systems, wi-that-means;-how-much-water-we-can-getfrom-there-

Seto-do-thwe usuallyuse Thiem’s equilibrium formula. A#sd-Tthis equilibrium formula is
different for different purposes. There are three variants of the formula. One is given for
gravity wells which are standard deep tube wells, and—# where the water is not under
pressure_;-andse it is an open well and #-isnot a confined aquifer. WhereasA#d-se in the
other cases, it can be a confined aquifer. In Se—+tis-an artesian well as—we-havediseussed
earlier—that—artestan—wels—where—you—draw—water is fetched fromfrem a confined aquifer

which is =

And-then—+tis-under pressure;—and because it is a confined aquifer—is—anderpressure. Seo;



i#—Thiem’s equilibrium formula for pressure wells is applied in this case. TFhen—there-Then

there is Thiem’s equilibrium formula for infiltration gallery.-which-there-isagainavariantin

reason we call it equilibrium is because, itis—equilibrivmbeeasse-when pumping is being
done from theis particular—-weHwell, we assume that the rate of percolation and the rate of

pumping is stabilized, that means, both are at equilibriums- a

And for that particularsitaationsituation, what is the ef-water-that-er-whatis-the-yield of that
partienlar-welwell and that is what we determine.—Se;thatis-why-equilibrivmis-there-

And-alsealso—you-have-tomust-understand;-this-isaA -deep tube well-thatit is put inside an
aquifer andr—And we assume that;-that the entire aquifers depth is being utilized by this deep
tube well. And-this-Ddeep tube well has got openings on the sides through which water enters
inteenters theis particular-pipepipe of this-the deep tube well. That

Serthat-means,that instead of the lower part of the cross section of the well, more important

is the surface area of theat-this particular-wellwell. The Se;-surface area is basieally-the

diameter-of-the-sorry-theryouknow-2nr (-pir-circumference) inte-thex h (height). Se;-Itthis is
the surface area of the well through Wthh water enterseemes—m—ﬂgh{ So—whenThicm

Thiem’s formula:

m.p. K H?-Rh?

_ 3
Q= 23 X R m® /day
r
_ mp.K x 1000 9 H? — h?
23 x24 %60 ( R )
-
HZ 2
=K, % R liters/min.
>

Where Q=Kmx-(H2-h2loeclOR/A ) litres/min-
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H = Static head / height of top water table from impervious stratum
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R = radius of the well

R = radius of circle of influence
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Question: T!e lo lowing adius of well (r)

observation weremadeona | adus Wence [Xly
40 cm diameter tube welks N e

e 1’—4@"5%[!”&9

" Qone of depression

e

o

Ground Level
N

1) Rate of pumping = 2000
litre/minute

2) Draw down in test well 20
maway=2m

3) Draw down in another test
well 40 m away = 1;4_m

4) Depth of water in the well
before pumping = 30m

Determine: =

a) The radius of the circle of

i Main Well
influence + Testwell2  Testwell 1
issi Thiem's equilibrium formul e
b) The transmission constant b ”f"-‘ ) v
of the aquifer, Two observation wells within circle of influence of main well.

As per Darcy's law = Flow through any concentric cylindrical section: Q=k| 3
KIA, where | = Hydraulic gradient and I= dh/dr, cor
h= height of cone off depression at dlsta?ce'r(radmsl.

A=2mrh,Q=2K.rh.dh/dr, dr/r=2mK h.dh/Q,

hen we integrate between the lim 0 ndhlandh

¢) Maximum rate of discharge
of the well
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Question: T!e lo lowing adius of well (r)

observation weremadeona | Radius ence (R),

40 cm diameter tube welks

1) Rate of pumping = 2000

litre/minute

2) Draw down in test well 20
maway=2m

3) Draw down in another test
well 40 m away = l.i_m

4) Depth of water in the well
before pumping = 30m

Determine: ==

| Pt., Nach: 12 Pt., Zeilenabstand: 1,5
| Zeilen

/| Times New Roman, 11 Pt.,

a) The radius of the circle of
influence +

b) The transmission constant
of the aquifer,

Testwell 2 Testwell 1 Main Well
s

Thiem's equilibrium formula

Two observation wells within circle of influence of main well.

¢) Maximum rate of discharge
of the well

KIA, where | = Hydraulic gradient and |=§_h/dv,
h= height of cone off depression at distance r(radius).
A=2mrh,Q=2mK.rh.dh/dr, dr/r=2mK.h.dh/Q,

|| Schriftartfarbe: Automatisch
{ Formatiert: Schriftart: (Standard) }

As per Darcy's law = Flow through any concentric cylindrical section: Q=|Z| P

‘ “ Formatiert: Schriftart: (Standard)
' /| Times New Roman, 12 Pt.,

‘ Nummerierungsformatvorlage: 1, 2, 3,

theProblem:

Question: The following observation were made on a 40 cm diameter tube well: main-wel-is20+ /|

1. Rate of pumping = 2000 litre/minute,

2. Draw down in test well 20 m away =2 m

3. Draw down in another test well 40 m away = 1.4 m

/| Formatiert: Abstand Nach: 0 Pt., Mit

4. Depth of water in the well before pumping = 30m,

To find:

a) The radius of the circle of influence

b) The transmission constant of the aquifer

¢) The specific capacity of the well

d) Maximum rate of discharge of the well
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Solution;:

Solution a): . 20m K, L
Thiem's formula: i N
Hih? . Ground Level
Q =Ko X fog o) Lres/min. | /'L___—J—'—‘\——D)
Considering test well 1: e s Iy g pp—— Water Table
028 : Cone of depressiop
Q=K. x( o8 zg) Inlrcimm

Considering test well 2:

30%-28.6° i
Q=K x( Togyo A0 ) litres/min

—

Equating both

Ko x (D28 litres/nin = .
" Togo R M Testwell 2 Testwell1 Main Well

30286

Ko X (775 ) litres/min

Tog,, K40
30-28°
=y

log o R = 2.328

) )

):1:%%» (1414)=( 2R
0 o

R -log;,20 ’

log;o R -log,40

(1414) = (1%

Impervious layer

log,, R/40

1414 * log;, R - log;, R = 1.414* log, 40 - log,, 20
e —

R=2128m
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a) Thiem’s formula:

Q =K X

Hz_hz

—r liters/min.

Considering test well 1:

[Formatiert: Schriftart: Nicht Fett

Q =Ky X

302 — 282

—Rr liters/min.

20

| Considering test well 1:

[Formatiert: Schriftart: Nicht Fett

K, X

30% —
R

30% — 28.67

2

20

liters/min.= K,,, X

liters/min.

around-this-partienlar-welwell-Equating both:

302 —28.62 \ .
— R liters/min.

40




30— 28"\
30% — 28.6°

(1.414) =

Sl

3| :uH =

(1414) = (ﬂ)
R —40

1.414 x R —R = 1.414 x 40 — 20

R =2.328

R =212.8m
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Solution b):

Thiem’s formula:
IH-_h’" ) litres/min,
08y R

Q =Kq x(
/

2000=K, x (2282
S N g 280

2820
K., = 2000 x( L’T_ )

17.70

Solution ¢):

Maximum discharge of the well occurs when h =0
-_—

, H=0 . . 3
Quax =K X ( gk Jitres/min.

30
Qua= 177 %312

b) Thiem’s formula:

H?—h?\ _
Q =K, X —r liters/min.
?
2000 =k, x [ 22 =28\, '
=K x| <5138 iters/min.

20
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212.8
20

Km = 2000 x m liters/min.
K,, = 17.70 liters/min.
¢) Specific capacity = Discharge at unit drawdown [Formatiel‘t: Schriftart: Fett ]
N [Formatiert: Schriftart: Fett ]
k [ Formatiert: Schriftart: Fett ]
H?>—(H—-1)%) .
Qum't drawdown — Km X - R hte?"s/mln-
7
BTN i I '
=177 x| —138 iters/min.
0.2
Specific capacity = 345 liters/min. < [ Formatiert: Schriftart: Kursiv )
i [Formatiert: Keine Aufzéhlungen oder ]
| Nummerierungen
d) Maximum discharge of the well occurs when h = 0 ) [ Formatiert: Schriftart: Nicht Fett ]
H2 _ 02
Qrax = K X —& liters/min.
T
302 ) )
Qmax = 17.7 X 212.8 llte?‘s/mm.
0.2

Qar = 5.26 m® /min.
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Solution a):

, 3
Thiem's formula: Ground Level

2
Q =K_,"x(%;)litres/min. ( f@)

Considering test well 1: ——— e T T e e — — —— Water Table
¥ {am
.28
Q=K x( Iolgoz RZ 820 ) litres/min Jam Cone of depressiop.
i/
Considering test well 2:
30%-28.6%, . 5
BN A
Q '"x(longMO] tres/min

——

Equating both
Ky = zxim
*TogoRzp) e Testwell 2 Testwell1

> 30°-28.6
Kax( g KA ) litres/min

Impervious layer

Main Well

9l 0y
(R )= (a0, (1414)=([2uR20,
3 log,, R/40 —  log,R/40
logy, R -log, 20 -
( 1.414):1W ¢ 1414 *logR-log,R=1414* log 40 - log;, 20
log,,R= 2.328 R=2128m







Solution b):
Thiem’s formula:
2 Bile o
9 -Kmx(m)lnm\mm,
30282~
bl =
200 Ko x (5,212
—

2 log;, 212.8120
K = 2000 X ~Sfer—

mf I7‘ 1

Solution ¢):

Maximum discharge of the well occurs when h =0
-_—

=0 . . 3
Quar =K X ( g R ) litres/min.

30
Quar= 177X (o317 702)
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The flow of water through an aquifer is governed by Darcy’s Law.
Actual groundwater flow velocity is higher than specific discharge velocity.

A minimum spacing has to be maintained between twao deep tube wells.

SeteTo conclude the flow of water through an aquifer is governed by Darcy’s Law-that-is
what—we—-haveJearnt. Se,—we—havealsoJearnt-Hhow to determine the yield of particular
openopen-well as well as a deep tube tablewell.

And—we—have—seen—that—Aactual ground water flow velocity isies higher than specific

discharge velocity.

A -thatissemething-what-we-havelearnt-as—well—And-ma-minimum spacing hastemust be

maintained between the two deep tube wells #-a;-suche that none of the deep tube wells are

affected by each other. Se;—these—are—the—different—things—that—-wehavelearntfromthis
coptenlasleoiealsatees
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