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"SYHOPSIS™

India is an agricultural countfy and its farmers are
poor. To make the country prosperous and industrially advanced,
ve need a sirong agriculturgl back-ground which in turn needs more
vater for irrigation. With the near exhaustion of economical aites
for tapping river water for canal irrigation, the attention of
engincers was drawn to another huge gsource of water i.e. ground
wvater. The ground water is brought on surface for use through
tube~well gystem. Our aim in this system should be to pump out
ground water most efficiently and economically so that it is
reasonably cheap and should, therefore, be utilised to maximum
~extent by poor farmers. This can only be done if the wells are

designed scientifically.

The Government of Uttar Pradesh introduced the
tube-vell irrigation scheme in the testern Region of the State
as early as 1935. This brought all round development of the
region. BSubsequently more schemes vere introduced in other
rogions of the state but 1t did not become popular with the
cultivators due to its higher cost as compared to canal rates.
All throughvthis period the construction of wells vas largely
guided by tradition and individual exzperience. There vere large
capualties due to excessive sand discharge, rupture of screens,
otc. The average life of the well was aleo low, about-16 Years,
as compared to average life of wells in similar stratas in U.S.4.
vhich is about 35 to 40 years. And as such the tubewell schere

has not proved veory economical to the government.



In order %0 ascertain the nature and extent of
failures due to various reasons, the author carried out survey
of State Irrigation wells of the Vestern region of Uttar Pradesh
comprising the districts of Ssharanpur, Muzaffarnagar, Heerut
and Aligarh where more than 1200 State wells are located. Records
of>about 200 typical wells {App. B) wers examined. The examination
revealed that

I. Haximuam number of'failures of vells vas
due t0 excessive sand discharge and ultimate

gcreen repture.

I11. The next in order was due t0 screen

clogging and consegquent depletion of yield.

IiI. Some cases 0f screen fallure due to

corrogsion vere algo noticed.

The average life span in all the three cases was
poor {(app. B). There was considerable averase fall of discharge

and consequent loss in revenue (App. 4).
The main cause of the poor performance of the wellsg
as demonstrated by the survey results was that :

I. The goological formatione were not

intorpreted corroctly.
II. The wvells were not constructed scientifically

III. Haterial used in the structure of wells
vas not of desired quality confirming to

the specified requiremonts of the job.
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It appears that this vas due to the fact that
science of tube-woll construction was not devoloped s¢ much
by that time. But, unfortunately, even noy very little
published data on the subject is available in our country
and ferg little scattered efforts are being made to provide
the fubewuell a sound technical basgis.

The guthor in this paper has tried to approach
the subject scientifically and has anaiysed and incor.orated
the latest thinking and techniquec regarding :

I. Design aspects of tube-wells for
efficient performance, bstter economy

and longer life.

II. MNethods of prevention of undesired
failures.

The well performance is governed by two of

its major components 3

I. The formation of the under ground in

vhich the well structure is located, and

Il. The well structure itself.

Both of these components have differant
characteristics. tolls built in accordance with theoretical
considerations governing their performance will give results
in accordance with thoge principles depending upon hov

clogely they have been observed. The paper, therefofe, deals



mainly (1) with the geological formation and its hydraulic:
characteristics as related to design of deep~vells (Chapter I
& II) and (2) proper design of well structure to achiove oconomy

and longer span of life (Chapter IIl & IV).

The salient features of each chapter are ¢

Chapter 1 deals with the characteristic of
geological formation and its influence over the well porformance.
Its proper study and correet interpretation in design for better
yield and improved efficiency.

Chapter 1I deals with the development of
fundamental equations of ground water flow, relation betwveen
wall discharge and drav-down and the influence of the follouwing

features on well design.

I. Hydraulic characteristice of the formation.
II. B8ignificanco of water table and its
correct interpretation while locating
the wells.
i11. Vell losses.
IV. Technigue for separating the losses and
deternining the cause of trouble in a wall.

V. Recent techniques of vell drilling have
boen dealt in Appendix ‘D',

Chapter III deals with the most important
component of the well structure i.e. screen which has scienti-

fically beenm discussocd. The well life and its economical



performance, as a matter of fact, depends entirely upon the
behaviour of its screen in the same vay as the entire crop
depends upon the behaviour and guality of seed, though it may

not form a major share of the total expenditure.

The following important aspects of a screen have
been dealt in order to have better design conditions for
elimination of possible causes of failures and consequent

longer life.

i. losses incurred in the screen.
II. Sand movement into screen and its
prevention. -
I1I. Structural strength of gereen.
1V. Problem of corrosion and incrustation
in sereens and their prevention.
V. Proper design of screen dimensions.

Size and shope of screen openings.

V1. Suitable type of gereens bn the
basis of discussions and resulis are

recommended.

Chapter IV deals with the gravel type of vells.
Proper design criteria for the matching of gravel size, slot
cize and shape and its orientation s0 as to incr minimum head
loss and maintaining its sand screoning characteristics ina

gravel pack have been discussed.



Chapter V deals vith the prevontion of fallures
and discusses tho recent tochniques for improving the performanco
of partially failed wells such as chlorination, calgon treatment,

surging, air treatment and vibratory explosive'method, etc.

in the end of the paper, appendices A, B, ¢ and D
are given.

In appendix 'A' is shoun the advantages of using a
‘better designed and costl& screen as coﬁpared to ordinary

strainer now in vogue.

In appendix 'B' is given the data of tube-wclls
collected from various districts. Oraphs showing the comparative
performances of wells of different districts, rate of survival,

etc. have also been given.

In appendix 'C' sieve analysis test of gounds of
more than a dogen wellg have boen given. Suitable recommenda-
tions for selection 0f proper size of screens have beecn made

in it.

In appendix 'D', gome recent methods of drilling

of wells have besn discussed.
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1.1 INTRCDUCTIONs Broadlyy speaking, tubs<uell
oysten is a procees by which the ground vater is brought or
ground surface for beneficlal use by mankind, The most acceptablo
definition of ground vwater seems to be set out 4R UsS.p WeSoPe
494 by Dr. Meinzsr, when he says * Ground Water may be regarded as
méasuring the basel or bottem wat:'e,r." Most commonly, we can aay,
that vater found bslcy the water table, is the ground vater,

| 1,2 EARLY HYSTGRYs  Rocords are Vailabld to
gshow that early Egypitans and people of many other countriocs
vere familiar vith drilling methods for putting down tubular
holes into ground to obtain ground water (1) During middle agdg,
there vas little or no aevelbpmane in drilling of volla, A 200
fest dosp well known as St. Patrick's woll, wag drilled in Italy
in 1540 A.D. and furnished a plentiful oupply of water. In Ue.S.A.y
-the development of ground vater started only about 80 yoara
back. In India, interest in deop well drilling vas taken about
35 yearg back and eince then thougands of wolls hawo besp drilled
oither for irrigation or drinking purposcg and the cost involved
mung in croren of rPupses,

1.3

hotolo, factorieas, sanneries, dairiecs, powor plants, recroation
ogtablishcaats, ote § cooling nnd air conditioning plante iR
futuro will definitely mako hoavy domands on ground watsy
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bacaned of i%s sharactorigtic unlformity in tomparaturc.,
the conaumpﬂon of ground vator ig bound to increaco nani-
fold vith the progrecs of country.

1.4 By tubc-woll pumping, wve can ;wlthdraw
the ground water year after year. But this pgrouid water
reserwbi' %0 bui's for baneﬁcial purposeg, theroe 1s no
advantago in letting it go to vwaste If it can bs made %o
porve human welfare, Thorofore now the @eation ariscg aso
upto vhat oxtent the water can b2 witixdrmem, to vhat extent
1t 1s roplonished and to vhat extent 4t 1g meroly takon
from ground storage and hoy efficiently. Ansver of theso
problemo 1lies in scientific development of the subject.

1.6 SATEGUARD 3 Ve must guard againat the
dopletion or gpoiling of ocur extremely valuable under grourd
rosowbiraa The conservation and efficient use of theed
npatural resorvoirs of vater ahm;ld be our major national
problem and it m:;at ba Himmaidiata gnd urgent.

| 1.6 Enginesra argcl government departmento
mast share the i-eaponaibiuty in tackling this problem,.
The governmsnt departments may carry out scientifically,
tho accurats ground vater investigations and then pablioche
ing rgults ‘i‘or the enlightenment of the public. Engipeewxg
ohould strive for proper location, apacing, uso of bottor
noterials, improvemsnts in drilling, oquipmento and mathods
of construction, Bosidos, enginecera must be able to pgivo o
ugoful 1ifd of about §0 yoars to a well for better econcay
and ust bs able to check doterioration and falluro of wello.
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1.7 SCOPEs Traditionally, India is an agri-
cultu:al'couutry and about'so%:of its pOpulation‘depands“
upon cultivation. The basic need of the eountry, therefore,
is the vater fro 1rriga£ion; Many irfigation schemsg wero
vigualized and weré put into aﬁeratibn during the laast
century and many more achemes‘were and have besn taken
in the three five year plans to supply irrigation water
from sources llke riﬁera, lakes,'reaervoira, ete. Wot many
siteg are nov left for harnessing the rivers cconomically
for irrigation purposes, put, even now after gso many schemag
the succega of the crop depends very mich upon the vhinms
of nature i.e. monsoon. |

1.8 Even after completion of irrigation
works which are in hand, a large [ rcentage of our pro=
ductive land will be left which could not be provided with
canal ﬁ:rigation system. Some areas, due to lte location
and topography vith respsct to water supply by canals maks
the canal gystem extremely costliy. The answer to such
problems 4ie in harnessing the ground water by tubs<well
pumpiﬂsa
. 1.9 _
great ocoano, the vater in maximum quantity appears undoer-
ground. 84ir Cyrii (2) has ogtimated that if the volume
of ground water available is gpread over ths land surface,
it vould drovn it to a depth of 1oo§w If added to oceanoy
it would railse their levei by 40,76', Thus we can see that

Ry Bxeept tho

vhat a huge amount of ground vater lg avallable at our

command to b3 pumpsd ocut fhrough tubs wells. Engineors can



e

doginitely onsuro a plentiful carefrea supply of irrigation vater
o ocur fermers and male then indopdndeont of the vagaries of monsoon.

1,00  ADVAUTAGES OF TUBE-UELL SC AR attractivo
feature of tubs-well irrigation scheme 1s that, it can bs developad
gradually and units can be placed in areas where they are in domand
and 1ikely to be immediately useful, Another satisfactory featuro
18, that tube well cannot cause water logging and deterioration of
goll. On the other hand, it improves the tract by slightly lovwore
ing any inconveniently high apring level, Tubs-vall wvater baing
olightly more costly, is carofully uti lisod in the righi propora.

tion by the cult(ivators and there is comparatively less wastagc by
 them and’in channels.

1.11 ECONOMY AND SUCCESS OF WELL SCHEME: _ Parmers in
our cuuntfy are very poor and they cannot afford to utiliss costly
vater., Our basic aim mst, thsrefore, be to find out vaye and
means for pdhpi.ng out and oupplying reasonably cheap water. Bogldes,
its continuity must algo be onsurecd., Choap pumping can only bo
achieved by approaching the problem gcientifically and designing
every component of the tube well scheme properly. It is posaiblo
only vhen ti® governmsnt departments and tho tubs-voll engineers
work in close co~opsration, The goverament departments shoﬁld carry
out the survey of ground water resources and should make the

following information avallable ¢o public for easy roferoncos

(1) . Detalis of gdological formations such as conoolie
dated, semieconsolidated or unconsolidated and
thsir extont.

(2) Fluctuation of wator tablo over a large psriod.

(3) Yield capacity of vwater bearing forpations of
difforent rogiona,

(4) pPermaability of different regions.

(5) quality and oxtent of mimeral ¢ ntents of sround

vater of difforent rapglong.
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the ongineers can make the aehoms Officéint,

_aconomic and better romunerative by:

(1) ,;_Pr; ver design of straight screen or gravel pack
wells, | ‘ ,
(2)  proper choice of materiala ﬁo'withstand corrosion
.~ and deterioration over 'a large psrioa say §0 yoare
approx,
(3) proper location and apaning 80 as to got maximum
o  contimious yleld for the vhole 1ife of the voll.
(4)  Bettor, economic and efficient woll driliing
‘ technquea. o
(5) proper gelaction of pumping equlpmsnt.
(6) neviaing methods for improving the yield of old

-wolls so as to avert pemature failure bscausd
e B LR B
:1,12 | Large acale tubewall schamea for 1rr1gation ,
vere etarted by the Government of U.P. from 1955. There are, at
presant, more than 8000 State tube-weus besides a large mumber of |
private tubedwalla in this Stataﬁ More and more nev schemsg are
being envieaged vhich calls for greater amount of public money, This
Baﬁurally impasea a hﬁavy respanaibility on engineers in charge of
sueh aeham@s. 2
1,13 .
dane 1n this cauntry 80 far on the desagn of tubssells; There are
very four publishsd articlea available on this subject. A: Sanghi
(3) arf K.L.Jain (4) reqommgnded certain‘dgaign criteria bagsed
on statistical data, Prof. Bosachaturv§da (657) made inveotigations
for the proper deazgn‘of Rédlél and ghrquded wq;la. Important regoars

s Enough acaentific wnwk has not bson

chag on gravalapack‘wéila'ara also going on at presdnt in the Irrie
gabion Regearch Institute, Roorkee; under Mr. P:N.Gupta; Rescarch
officor (6) Uptil novy however; the design of tubostrell in this
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sountry largely depsnds upon individual axprience and tradition.
1,04  VELL CONSTITUENTSs There are three main constite

uonts of a wells

(a) - Formation i.e, geology of the area,
(b) Well structure 1.e. screen assembly and
(¢) pumping equipment.,

All these constituents have a decisive influence
on the overall performance of a well, Seperate study of the bshaviour
of each part 1s, therefore, essential before finally deciding upon
the line of action. ,

1.15 WATER BEARING FORMATIONS: Wells are generally
constructed in two types of formatians = the unconsolidated rocks
such as clay, shale, gravel and sapd 4hd the consolidated cocks such
as lime»aﬁon99 sand;atane, granite ete; First type of formation is
moatly found in the Gangetic Planes of Uttar pradush State, However,
the aeéond type is also found in places like Bhabar area of Nainital
District and Doon Valley etc, The asuthor has drilled a well in
Village Hariharpur near Haldwant - Bhabar area and the second typs
of formation was largely met, The spring level at this well was about.
165 feot from ground level, | |

\A caraful study of geological formation of water bearing
Strata is always very essential because on it depends tha success of
a woll, ,

1,16  GRAVEL AND SAND_FORMATIGNS: Well graded gmavel
doposits free from sand cannot be approached for quantity by any
other formation., Well yielding as mach as 1,200 gpm per foot of
depression has béen constructed (8). This typse of formation absorbs
water-fresly, storecit in largd quantities, and yleldsit readily.
Porogity and permaability of a sand gravel formation guides its boe
haviour regarding its capacity to absorb and to yileld. buring drilling
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ve £ind a wido range in the size of particlos in the average sand

gravol formation as wsll ac in their valer bearing abilities, Amount
ang kind of assortment of particles and kind and amount of comentae
tion decisively affects the ylelding capacity of the formations.

1,17 8175 OF GRAINS; The coarser and more uniform the
particles of a sandegravel or sand-stons formations are graded, the
more water it will yleld. On the other hand, if the particles are
fine 1iko those in 2ilt, then 1littlo or no water can bs obtained as
the formation will not give &t up due to adhesion and surface tension.
The size of individual graln 1s, therefore, important ard controls
considerably the amount of water that can be obtaimed. It must bo woll
understood that it is the percentage of fine mimute particlos that
determines the yielding ability and not the large particles, bacause
the fipe particles occupy the voids formed by the larger particles
and still finer particles occupying the void formsd by the small
fine particiles, The particles of sand-gravel formation are gancrally
pleces of silica, flint, quartsite, limestone, granite, dolomite,
etc, The sand which 1s generally found mostly contains silica.

1,18  _CrLAYs It i9 one of the most common material
encountered during well drilliing, Pure clay is made of very miputo
particles and appear to be solid. when wet it becomes plastic and
smooth to touch. Thé mineral contents in the clay determines ita
colour. Mostly the clay particles are of aluninfum silicate. Clay
is very difficult to remove from a sand formation as it elings to
the larger particles and has a tendency to become pasty forming
balle and chunke which are almost impossible to break dcwn. Somos
times clay 1s found in layers of many feet in thickness. As a rule
the clay in a mixod formation generally lovers iba yielding capacity
and should be avoided.
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1,19 §EA£§L Another typical material of sodimentary’
orlgin iu shaie uhich 15 a true clay formation or clayey mixture -
that haa become hardened. It is definitely a non-water bearing
formatiou thh fov axneptians such as Jointa and badding planss and
mst not be tappsd. . .
 L.20 me‘m alluvial dopostts® vhich are sand
gravel daposits vary from the finest particlea of gand upto boulder
mixed with .ula_y and ailt..sgomatims a formation of coarser particles
only is found, But to get a sand froe supply of water in larger
quantltieé from altuvial formatlon, it is necessary that Ciner parti-
clea bf sand be removed first. It 195 a good water bsaring formation.
| 1,21 SADSTOIESs, 1¢ 15 another typs of water-bearing
formatlon and 13 composGd of grains of sand (mostly quart) bourded
togpther with a cem@nting agent 1ike carbonates of silica, calcium and
iron oxide. mhe yielding ability of sand otone closely follows that
of aand nf the sanﬂ characteristics, |
1;22 ,

. | | _ QITYs porosity is defined as the
percentage of total voiume of format:lon that is occupied by pores or

inberastiees.
| Schiiieber from his. axperimenta established that:
(1) 1If all other conditions remaln the same , a material

r wtll have the sams porosity vhether it contains larg

| . or small gralns.

(2)  Irreglarity of shaps resulte in efings largo varioe
| tion 4n porosity. _ .

| (3) | Variety in size of grains is of fundamental importe

~ance with respect to the porosity of a deposit.
the above statemsnt implies that porosity of the
uaeonaoudated formation will Gopsnd upons
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(})  Degree of assortment of its particles,
- (2) Shaps and azfrgngmnt; of its particles.
(3)  Comentation and compaction, . =
(4) Removal of minseral matter hy percolating water -

1,23 .‘.&eie.l.l sorted, clean, uncegzented gravel sand or silt
w111 have high porosity.:Also a deposit composed of largs graing of
uniform size and a deposit of snall gralna of uniform size both will
have an equally high porosity. On tt_ie -othevr' hand, a deposit composed of
graing of two sizaé has a ‘iuw porogity (fig. 1.22),

1.2 The poroaity of.‘differentlma_teriah variss over
a largs rangd from less than 18 to 504, A- porosity of 5% or legs is
rogarded as lov, batween 5._6;5‘2_05! medium and greater thap 200 as largd.
‘The porosity bf graded and ungraded sapd dotermined by Hickox and others
(16) 09 a8 folloigte S
, : cggacteriat;cg of gradod Matorial -

Vean Diss Buid ~ Rango of porvoity &

.000865 £ Water . 40,2

0378 £ o | 36,5
2000442 £ " 40,8

. 000832 £t . - 46l

00160 g6 v - 43,3 to 48,4
Rango of dia, Fluid ~ Ronge of »g' orosity g
,0008¢ £4 Hater 85,2 tio 38,7
.00038 £ g |

.00815 £ o | 35

porfect spheres of equal o0igo can be arrangsd upto o
porosity of 47.6%.,

1.25 - Knoriedge ofporosity is important vhenoverf)
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snvegtigation are to bs made of an area for its water yae_»ldiag
possibilitdos. It tells the abllity of the @or;nation to contain )
water and its ability to yleld the vater 1t contains to a woll, It
can bo determined by prevelent standard methods exactly or approxie
metely. B

1,26 sggc;ggc ngm;mg . on

accuunt of adhesion, surface tenaiun and capillarity, it is clear that
all tt@_vgater from the formation cannot bs extracted by ahy means,
Hovever, the aim for gtting the mazimm ylold from the depth of tho
well mst be there. Specific yield ;ndispecific retent iop arc expresged
ag percentage volume of waterv ylelded or retained by the formatlon,
Thus 100 ¢ft, of saturated formation when drained by gravity supply

25 eft. of water, then the specific yleld 4s 25f and 4f 16 cft of
vatery ls retained 'by the formation, then its specific retention 4sg
154, The sum of the specific yﬁeld ahd the apﬁc:lf:le reptontion is
the porosity of the materials. | o

| 1.6 ] FVEL
discussiona of para 1.18 and 1.19, it is clear that the clay and
shale formations are not suitable for locating the well as thoy will

yield very little or no water and that too against very great resise
tance, Formation havi,ngl a large mrcentagé of clay will raduco its
porosity' and its capacity to otore and yisld "'eré.tér and t;harefore aro
not siiitable. 'Gravel, sand, Alluvium and sand gbtone formation ara
good vater yielding atrat’aa ¢ Paras 1.16, 1.17,3.20, 1.21) and vells
should be .Iocateél in such formationa. Water yi_eiding capabilitics &
these formatione wiil bs largely gaided by the perceatage of £ino
particles which t.hey may contain, The quantity of finec particles aloo
infInenco the choice of screen opanings (discussed in Chapter III)

nnd can be determined by a mechanical siove teot and £t 2o cigo a docl.
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Goedding fastory in determining vhethor the well shohlq have an
ordinary straight screen or bs a gravel pack well ( discussed in
Chapter IV) |

| 1.27 The geological formationg underground are natural
and nothing can be dons to alter their properties. Therefore, before
going e@.forya well‘follauing teats should be carried out which will
provent many difficulties of futura, |

(1) pilot boring to obtain the strata samples ter
B gstudy and analysis of aquifer.

(2) gdeve tests for each case sb ag to determine the
.. 8lze, degree of assortmsnt of sand and, thereforo,
B the Aaaign of sereen,
(3) permeabillty tests which will determine the
- yield.
(4 ' Chemical analysis of diaeolve substances uhich

will influence the cholee of material,
The importance of permeability has been discussed
in detail in Chapter IT. .

1.28 Buriné the survey of'we11a, the author found that
no sieve tegts of formations were done on wells previsusly congtructed
and this was one of the maln reason of their 'faulty behavhour. But now
-~ at certain places, the sieve tests are being done but still ah some
| other pléaes rulé of ® tourch and see” method persists vhich 1g extrde
31y dangerous to:the woll performance and 1ife and must be atopped
gorthwithe

1,20 The chemical properties of ground water also plays
an 1mportant part in the design of welia.'Gruund water ¢ontains many
impuriﬁiéa-which cauge corrosion or incrustation 6f well screens.
Spacial corrosfion reaisﬁing materials have bsen developed for use of
tubs wells. Tho problém and methods of-preveﬂfion of corrosion and
incrustation aré discussed in detail in Chapter III.

1,30 JETL-STRUCTIRG:  Linnieon (8) has rightly pointed
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cud that weus as onginearing structures serve one purposo only and
tha% 40 to tranamit or make avanable for econnmﬂ.cal pumps.ng tha
la.rgeat pogsib}.a amount of vwater from bhe formation in which thoy
are constructed., The psrformance of a well de_psnda on many things
such as the methods and materials of conatruatibn, the design of
gereen; the amount bf‘development,‘ work done. and rate of pumping gﬁ:ar
ths vell is in operation. Each of these fa,ctorta infiuence tho parfore
manceé greatly and must | be considered carefully in designing the
conatmaﬁi,on of avell (biscussed'in detall 1n‘0hapter I11)

1. 3 MM T™wo typss of pumpsecentrie
fugal horizontaz pumps and deep bor> turbine pumps = aro generally
ueed in India for 1rr.1gat..ion punping from a dese p well,Before installe
ing a pun'x__p, the enginesr should have a definite performance picture
of the equipment which he ié gbing o 1nsta11; 81ﬁce the wells for
irrigation 'have. to run day and highﬁ Dor most of the part of the year,
their efficiency mst naturally be sufficiently high and must remain
g0 over the pumping period. for botter economical running. High effi-
‘¢lency and low cost do not go together in the mamifacturs of pumps and,
therefore, the valua&tion of the eciuipmant must be made on the basis
- of long term economy. While doiag an initial teat on a well, the use of
‘@ now pump should be avoided if the vell has not been completely -
clearvd of land, mud, sludge, etc., Becauss the damagevdone by them
to thoe pump in th.'Ivhmn‘B of testing may be qéual to the damage in &
years or ao., .
SUIMSRYs Prom the discussion of para 1,15 to 1,27
1&;-’19 clear that ths geological formation and its correct study plays
-8 declslve role on the design andl 11fe ‘of awell, It vas found £rom
- the survey of wells that in geneial no physical or chemeical analysis

"’r

of tho fermation was done when the wolls were constructed, On atrata.
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chorto of these wells, the formations wore defined in y@ torme,
guch as, fine sand, medlum sand, £ine to medium, coaraé éané ete.
vhich natura11§ d1d not indicate the sand éuaiities a8 discussod
in para 1.26 Gind 1,27, The doaigns, obviously, were based on thess -
vguéé terms and it appeared to be one of the main causes of their
unsatisfactory performances and early failures.

o oy at soms placo, sieve tests to determine
the quality of sand dre being carried out on nev volils in this
province but sRill at quite a largo number of places the old practi-
ce“péraisté. The exploratory tubs-woll organisation of Government of
India, however, carries out the siove test bofore a finalﬁccialou
on design of screen ls taken, (

In order to have good design for batter psre

formance and to prevent undenired failures, the following tests mst

be carried out before a well ig finally teken up for construction,

(1) Sieva tost to determine the physical properties
. of sand.
() . pormeability test (discussed 1in detail in Chaptor

I1) for determining the yield of formation.

(3) Chomical analysis to determine the correding and
: incrustating pooperties of water (discussed im
Getall in Chapter III).
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Symbols used Chapter 1 )

i

i

[

it

i

Ho-a

i

]

=

=

ainflection timen = ﬁg_

=

=

.=

Cross sectional area. -

" hydranlic resigtance” of for motion, head loss
per unit diascharge. |

Whicksss of confined sand

go-‘agrmhenﬁ in terma of CQ expressing " well
oag

Dlameter of pipe
rqpraaagt-ative graln dlameter,
acceleration dus to gravity,
hoad Yoss
head above a given datum
specific per meability
Co-efficlent of pormeability
Isngth of porous medium
porosity of sand

Pregsure difference

pressure

Well discharge o
Co-sfficlent of storage
drew down at a digtance x

dran down at Xw accoming to theoretical
logarithimie distribution

“Iransmissibility® of sand bed =Xxb
time
2

2 .
ﬁ = %: a nondimensional variable

Velocity of flow
Volume
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Volume of water.

"woll function™ of u

razdéxl diastance from the axis of well
Elevation

Aquifer comprossidility

Viscosity |

Fluid density |

Specific weight of water.
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1. Aquifors It io o goological formation, a part of
o formation or a group of formabions that will ylold significant
quantity of vates, |

2 RIFECTIVE RADIHS OF WELLs It is defiped as the &ﬂ.etanca,
neagured redlally f£roa the o.ﬁ.a oi' ths vell, at vhich tho thoorotienl

decr-dovn bacdd on the logarithimic hoad distribution equals tho

 oetuol @rer dovn Juot outeddo tho soreom. |

3s _ D AQUIFERS In this oquifer ths wator Gablo
gorvog 0o the uppor ourfaco of tho sonc of saturation.

4.

Rg It 40 aloo krovn as artesian @

pocoure aquifer, occurs vhoro gz'bnna vator &0 confined unfor (possurd
groater thah atmogphoric by woﬂyﬁ.ng.rem’c&voly imparmoeblo sirabn.

5. LIGYE PrRMEA : 2 16 4o
dofiped oo the flw of vator at 60 P in ganons por day through a
c3ddun having a Brosg-goctional aroa of 1 fﬂ: undor a hydreuidec
grodiont of 1 £4/€C. It ig aloo somotinmog dofinoed ag laborabory co=
officiont of_pern:aabalwy and its volue for most of tho natural
aquifers ranges from 10 o 5000,

Go TORA; BFFICUTIR=Ss It 40 dofinod a8 tho volumo
of vater that an uquifer roleascy £rom or Lakos 1mto storage por unil
purfaeo arda of aguifer por undt changd in tho ccaponont of hoad nornal
to that curfaco. Ik nost confinod cquifors, voaimoo £all 4n tho rangd
0,00006 / 8 ( 0008, |

Te . IR, 0 It 40 tho pecach
of tho aquifor i:hieknons oid the en-afﬁﬂ.c&ont of pereoebility (8= By
vhore b 40 tho thicknoce of nquifor)




8 aoh'i - i‘ha wata:e wens, generany, 89TVO ONS purpocd
only and that is ‘to transmi'c for aconmcaz pumping the 1argest
"amount ‘of Water from the formation in whs.ch they are conatmetad

vithin the 18nsté of well aepth, mathnda of conatmct&ua ana matcrial
usad, - |
X ﬁhare are two maj o faetora wh!.ch govera tha
performance of ) mil. Oae i the formati on 1;1 which the woll is
constructed and tha other one $s ths well structure itself. Both
these oomponenta havo ‘an ability to trangmit vater. But tho hydraulaes
of structure is quite different from the hydraumc characi:ers.stica,
of grnund vater £o mationa. |

2.3 fhe hydrauiics of well &ﬁvolvae flwzu
- {a) . 4n tho aurrounamg aqus.fer |

(b)  through the well screen.

(o) Ins8d0 tho woil,

Bafore going for a costly well achsmc, it 16
egsentisl that a cmhplete kncriodgo of the hydrauuc behavﬁ.omr nf tho
geological formation and that of well atructure is first obtained.
1¢ they arG not underetooﬂ aorréetly beforo-hand, thﬂn it may bo
pogsible that the entire achema may prwe a complete fa:uuxe afim*—
vardo. |

8.4 M Darcy (1) ntudiod the ﬂow of
water thrmgh sdnd beds and roported in 1856 that £icr rate t:hrough
porous dla ia proportional to the hsad 1oss ang inversely proptie
tional to the length of ths £low path. This $s knovn as Darey's 1lav,
The gtatement-can bs éxp esaed in goneral termase

o =za & oaonesnen (1)

or
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alﬂﬂ T o= .v= K% ALY XY (3)

vhero %ﬁ ia tho hydre.unc gradient {ﬁ.g. %) zt vul hfgaﬁ soen that
discharge Q is direetly proportional to a conatant K known as tho
co-officient amrmammy or the hydraulic conductivﬂ.tyan&.tm
hydrmlid gradient, In the derination of the above formula 4t haa bson
aoounsd that velooity of flow 4s very 1ow which ia genarally the
‘oaao, 4.6, groand water movement 1s vexy slw. | ' |
2.5 E OF DARCY!S L4443 The law applies to lanﬂ.nar
£1gr 4n porous m@dia vhero the velacity 48 very lev and ig. propop-
tional t:o the first pover of hydraulic grads_.ent._ Both from thogey ond
oxperiments it has bsen found that np lover 1imit oxists for Darey'o
1ers (3) on the contrary, hovover, an upper limit has bsen Meheafs.éa
by -axp riments on aand ana: small sphoros {45 6p 6y 7y 8)o thio 14mit
can b3 found by piotts.ng the dimspsionicos Fanning griction factor £
fueed 4n hydrenlicn, agalnet Reynold's [Ip Tho facfior £ is dafinod as

JL=_4£J3— L NN
2;6 R i?mn tha qata plotted from several mveatigatiann

(24g. 2 .,ey, 1t 18 clsar that aeparmre from & linear relationchip
appear whan Y goaches the range beween abcut 1 and 100 Far almost
all ground vaters; the valug of nR 43,9 t[mrafom . Damylg lw Lo '
applicable, Deviation from Daroy's lav may b found 4n rock a@ifara,
1n unconsolidated aquifers vith stoop hydralic gradionts or in thogo
'cnntaining large diemoter golution openings. :

| 2,7  Experimonts have shovn that laminar £1c7 which
d‘o not obsy thy Darey's lav exists in porpue media. Each partioclo of
£iuid moving throupgh & porous medium f£ollova a eontiputusly varying
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viaereiai forces in this nomeuniform £1ov becomes significant. Dareyfs
lesr poverns ’fi;ra' only vhon resistive forces 'predum:.nata; and whon
the inertial forces approach the same order of magnitudo of the
resistive forces, "Dazfcy's‘ Lenr is &nappucable. fhs.e. transition occcurs
bbefore and aepé.rate from the incidence of turbulance which oceur vhon
'the ’vaiud of Hg 48 1000 approx. (£ig. 2&5« The gradual transiti on o
the turﬁulant flov depends upon ﬁie microstructure of the porous medio
£1ov, | |

2.8 EERMEABILITYs Permoabllity or parvicusmoss of
a fprmatalon, ig its capacity for tranamitting vater through a g:lv"e'n
cross~gection under a givan differonce of water p‘dasure per unlt «
distanco. It may vary vifely in the some formatd on deponding upCa tho
preéaure conditions., It depends upon tha properties of é} £iuid alsgo.

From equation (1) vo havé co-afficiont of pamé-:-

ability
K - XYY IY (4)
e L
18 ¢ .%_) - 43_ - dimenaionally.

Thig chovs that K has tho dimension of velocity. Bagod on Dareyts 1a?
Dr. ¥oinzor of U.S.Goological S{xriray has standardiged tho perrie
ability definitd one.

8.9 In £4014 torns th co-0£2i0i0nt of B rmabllity
K¢ 48 défined as mumbsr of gallons of vater a day, at 600 P that s
conducted latorally through oach mile of the tratéi' boaring bsd (meésﬁroél
at Plght auglen to tho directions of (ioy) for oach foot of thicknoos

/
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of the b3d and for each foot per mlle of hydraulic gradient ad
the £ield temperatura,
2,10 TO have a more ratinnal apprcﬁch to the concept
of permeability, the o-efficient 1s made independent of the fluid
~ properties gavernmg the flow. The properties of fluid involved are:.

(a) e o @xXpressing the shear reistance.
(b) Y - oxpressing the @riving force of f£luid
(¢) d - pore dianieter which is assumed propore

tionate to a repregentative grain

diamster 4.

The relation can bs expressed as

k= § Y. d) covsosses(5)

Solving by d'i'e'm'a'nslonal analysis ve gete

k-c dY
//4

Hhere C is a dimensiondess comstant, Because the product ca2 is a

teve ooooc(S)

property of porous medium only, a specific permeability (9, 10) Rk
of the medium may ba defined as

= 042
n a d 03.000000(7)
gubstituting in Darcyta lay (equation 1) we get
Q /(4 dL oaobooco(g)

The dimnsions of k are Fa L2 7 , or area, Which can be roughly
interpreted as a unique pora area governing the flow, The constant €

depends upon the graip diameter, porosity, packing and grain sizo
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G&ntritms.an and shupa. Tho 'aam:.t valuo of [ for 8££fetent iﬂ.mda .
ond gosos f£le7ing through a given m3dium (5) wdﬂ.cates tha moro rataonai
natura of apecuic pﬂrmubimtye -
mquatﬂ.oa (a) can NG ba vritten ao
el

\( th‘aL)
Daray, tho practical uait of specific permsability 19 oxpressod 89&-

kI =

- or  lDarey = '1_,082)&3.'0 fﬁi

2011 naay ompsrical farmie have been established
for finding tho [ rmscbility, Typical of them is ths Fair and Hateh
pormobility formila (11) which was developsd £rom dimensional
conslderations and verified experimentally. o

L\

C R=.

Mmoo G-)E g 4 €y
" Ay k \o0 q ) } -
wherd o = Porosity
il = Packing faoctor and ths vaiuo of vhich has besn found
to b 8, B

¥ = Sand sheps factor, varying from 600 for apherﬂ.cai
grazna to 7.7 for angular graina. 3 '

p = pamontaga of sond hold batween ad.‘jacent aieves and

@, = Tho gonmctrﬁ.c meap of the ratoa oizes of adjacent
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Tho qjuatlon is dimopsionally corrsct,
”2912 Pormoability of an adyifer cannot be determinod
nccurately gn the laboratory bécause porooity, packing, grain,
ordantation ote, ai'e considopadbly changed than the natural ones,

2013

$ho most roliable mothod for estimating aquifer
permsability 4in by moans of pumping tooto with wollo (12) in thopo
tooto the aquifer is not disturbsd, the roliabllity 1o suporior
than any othar Eathod, | | |

2014

The equation of contiputty for a @ dismensional
flow in rectangular co-ordinatos 1s expregsed ag

[2Lm _’g;ww TR M I SR

Wherd v, 2 anq v, aro the voolicity components
in %y ¥y z dircctions roapectav.ely and t ie the tirs, For a steady
21y % = 0% Thorefors, for steady flow, tho conﬁimw aquation

0% 3). =z , -

“ ngouming sn incempraessible floy 4.0, P = Const,
1€ ?io the potantial funotion thon by definition wo havo

\j"“.g-tib =_‘a__£. _’B .
x o Y EW )'U'z—/asb - - ~ -~ =~ (1)

z
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Subatimtlng oqua&inn {10) in equatimx (9)
ve have tha I.uplace equation

®‘¢>  ’5‘9’5 v’a»zq"‘ | C e e
S o> oy oEv ' vesesses (11)
Jiis Condibion

oloo indicaton an irrotational £lov,

From Darey'c L tm gt

VLN
0S

= o

e
A

. Vehoro 8 10 the ds.atanee along the averagd
di.ractﬂ.on ﬂw. Conditions vkan the parmsability vary vith £ficr dire
oction io knovn as anisotropie psrmeability. Thersafore, wo ean OxRproc
tho coapopent vloocities ag

By ey 25 g s 28
\)’-,;_.Kx /a‘x-’ )-\\),67 Y t A >z

Hhoro kx, ky ond kz are the p rmiability 4n X,¥,5
directiona, For sampuﬂcauon aaouning igotropiG conditions wo havo
o = K?a\; Vy = KON e \\a“ -(yCoaparing oquations (10 ard
{12) wo find c,zS —? \\\\ | | Snbatat_uting the va‘.l.uo of eal

an equats.on (11) we get

F‘)lk 31 4._-"5““, = . Tt e
A3+ ’63 ot | cocecesco (13)
Thie 40 tho goneral partial differontial oquation
for steady flow of wator in homogd naous and Lotrople modia.
2016 mm_ 7o darive oquation for unctosdy £flo
(13), wo havo ¢o fzal:o mto e.ccouni: i'.b.a etoraga cn«ofmeﬂ.ent 8. Yor an
uuconfinod aquifor 1t 16 Qofined as spo cific ylold, but for confinod

A
aquifer it give the aquifer co:nprasaibility)whichAdofinad as

2 v
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_ | aaauming that cnmproas:!.va fax-ce acts ﬁn a vertical
direcsinn over a largs areal extemt 80 that changés in the 1atem1
é&rectzon are negligible, Wkhn tha piczo-mtm.c aurface i3 lorored
o unit distance the quantity of water released rrom the calumn by
the pressure change in 83 hencs S - ov. I:E b is the aqnﬂ.fer
thiclkness thon volume of aquifer colump is V= 1, b = 'b. Tha change
4n prossure dp = NU) == Subatituting these voiuos in
oquation (14) gives o
| S
==“§:§7 cocoosss(lB)
Agsuning vater to b3 compressible and gralns of t:ha
media to bs rigid, for an olastic material

0 L of
. T covesss(16)

Substituting 4n oquation (£1) givse wo g%
of = P@’a\v
» ooautnu(l"}
Substitution in equation (9A) gives
(2o L Do) UL B e

byot
Aesuming to ba eonst;ant apd substituting the

valuep of vx, vy and vz frea (12) ve gt =

k@l\\ N ’é‘k) s . 9y
0w+ ) }27 ot

Rewyrditing and subatituting

A NN XX ]

PN % PN s O
—a«?: + _rj‘l- + TD—IT:-—:-\Z-\: %'t‘ ueaooooc(lg)

Which 1¢ the approximato partial difforential oquation
governing the upstoady fiov of waler iR a cmmprossiblo confinod -
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aquifer of uniform thiekness b, Tho correspording eéuats.un gor
unconfined aquifer has a non-limear from (13) which makes direct
’Ilaoluﬁiona imposslible, By approximation, hwever‘; e@uation '(19)”
'cau be applied to unconfined agquifers where variations .‘Ln tho
paturated thickness ars rolatively small.

"2¢16' SIGNIFICANCE; Bsfore tackling any ground vater
probiem, information cqz@rq&,ng location, movement, and 'alopo of
" yater table " is of utmoat importance. Ve must kasr its depth
balow the surface, direction and rate of glope and variation iR
dopth that have taken place over various fariods of tims. The water
‘table is aiwaya ﬂuc{:uating up and devn. Ite movement tells the
gtory as to the replenishment, the general nature, and the use
. made of the Water bearing formation in which it 1s found.

2,17 - There ia a differcnce in the water table of
bodies of free water and bodles of confined vater, \;!ater table 4s
the actual level of free ground water, vhile o wossure surface or
the plezometric surface is the actual level either above or belsy
the ground surface to vhich water under confinment will rise. Both
~ are gtatic levels. ”

2,18 In order %o aaaerta:ln whether the wou hga bsen

- located in a confined vater or a free-water, a fev sbaorvation
'holeo are drilled around the main woll, If on pumping tho doop
vell tho water goes dova in the observation holee and then all ried
to the sams level vhon pumplng 18 stopped, thn deop wall is 4n £rao
water, 1f, hbwavar, ths water remains stationary in tho obsorvation
holes, thsn the doop woll is in confined ﬁéter.

2,19 fhroughtut the dopth of well, thoro aro 0 many
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£ood water ;nto".other,hori'zbhe or rob thoms It is vhereforo doubly
| importaut to observe the action of water table at 'an times vhero,
mora: than one watere-bearing atrata is tappe& oL a. weil aa is generally
" the case of state irrigation wells of U.p, |
2,20 ' pefore going imto the quastion uf locating wells

in on area, it 1s very mueh bsneficial to plot the water tabie map
by putting down a pumber of test h_ale_s_to ths 1evel or freo ground
vater. The contourss of the map will rovoal the general character.
of a water bearing formatlon. If the contours are crammed and rise

steaply; the formation will bo f£ins, while if the material is
coarge, the contours will be further apart ang flat. Down the glopd
of the water table iR the general direction of flov. The maps of the
'pll’assura_ surfaces can be made in the simlilar way.

2081; 48 a general rule, water table follows the surface
to'pOgrlaph-y without cbrupt changes, bheing nearer the surface 4n 107
areas apd deaeper in high area. On account of their genaral principh o
it will neariy alvays be bepeficlal to sink test holés in a fiat or
rom.ng country in order to locate the deeper and betber vater fore
mations. It has also been £oand practicauy that the water tabis. -
Bloped "with and towards® the maln drainage of the area. |

2.22: Gradual lovering of water table over a period 4m a
tube~vell area indicates excess draval of ground water».v Gaining time
of original level after immping hag bedn stopped indicates quality of
permeability of formation, It can alsoe bs helpful 4n determining
vhether the formation has properly becn developed. IR ghort wvo can -
véry well say that the water table of a deep well Vorks as a gtethoe
geops t0 ascertain almost all the digeasls of the well and its study
ig oxtromely important for tho survival of a woll.
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upeonfined aguifer, it bscomeg the beunding surface, 'fha anargy
head Hg or fluid potential at any point on the vater tablo ig
approximetely ( fig. 2.4)
he =P +Z |
E | , If the};tmoapher&c praasure referancc b3 takon as
zoro, then p =0
'ho'éz.' |
" tharofore under gtoady state conditions, the olevation at any point'.
on ths uatar table equala tha energy head and, as a eonsaquenca |
stream lines be perpendicular to water table contours, |
. 2,24  With the holp of only three ground wator a:leeationa
knovn £rom wens, ground water coptours and £1ov directioa 13 doﬁer-
mined as ahmm { fig. 2.94), Agter draving the vater aontmrs, stroam
1ines are sketchse pa:rpaudicular to contoars, showing direcbion of
flos. Pfoceeding 1n this vay, the map of ground vater Clletaation an&
1to stream lines is preparad for the arsa in which wous ara to b2
"1ocated ( £ig. 2.25), |
| 2,25 Conaidertng any two atream :unea on thﬂ map and |
taking into account the fact that there 15 no floy mcrosa tha acream
| 1s.nea, the sm at section 1 and 2 1n ( fig. 2625) equalsa

Q GA]_'@']. : = Az% ®00000 (20)

Hhom A is the eatumtod aroa porpendicumr to tho
flm’a Frnm Darcy'a Lﬁ:"p

Al Kl 11 = Az Kz 12 0000 (21)

Whero 4 = §B tho hyarenjsc gradtent
Reearranging 6quation (21) ve havow
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= i L . f
%ﬁ‘ Ghsoeasns (22)

. The ratio A2 can be. aacertained from the Q:!.stanca
AL
betwean flow lines at the two gections fpr an unconfiaea aquifer if

the difference in elsvation of the water tabie 1s small compared to
the saturated aquifer thickness, or for a confined aguifer of uni-
form thickness, Sinilariy, h/ (, can b eatimated from thd respeetivo
contour epecings.. . |

If the stream linss are nearly paranal then
equation (22) becomes

Ky = 1y | e
v?-tf -T- : tobesobo (33)
K "1 ‘ ,

2,86" -~ Thig equation shose that for an ares of uniform
- ground water £low, that portibn havmg fﬁida cont; our gp‘aqﬂ,ngs will
‘have high permeabiiits,ea than thoaé with narrov ‘upacz.ngs,'t‘he’refdr’a,
proepects for a guod-»yﬁeldmg vell are better near sacaoa 2 than 1,
| 2.3’? Thus we see that ground water contour map bacamea a
-powarful tool in the hands of an engmeer gor aelect:mg tha areas
of favourabla prmaabznty and the best poasible amce of ground
~ waber supply. | | | L

2.28 As for as the amthor knws, not much attentioa ﬁ,a |
boing pald to the water table contour map whilo locat:ing sta‘ce weila,
Goperally, these are located at the highest spot of the area uhﬂ.ch f\g
to be irrigated by the vell irrespective of water 'tablo study. Area
% 1) be'irrigated by bna wely of 1.5 ongoes ‘Lsﬂ about 1600_&»&98; £30idog
Vloaing the advantage of the best possibla ai,té, there is ocustimes
economical disadvantages too in choosing thé sito at the higheat placo,
which 1s done bscause of the gravity flow irrigation method. IR this
v?ast aren, the ground contoura vary a 1ot and thereggro tho vater
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| ~ tablo contours u:ui also vary ( para’2l),

2,20  Suppooe there is a difforence of 3 ft‘ in the
ground levels of the highest apot of the area and the spot which
will p§ most suitable ag revealed by the water table contour mape
If the difference in the water tables of the two spots ia only - .
1,5 £t.y4 then tl_ne head agalnat which the pump will work 1f located
at the lover gpot to raies the watep at tho highest lewel of tho
ground will.'be. 1.5 £%. lesa, than if the pump 18 locateq directly
at the highest spot.

~ Thus for a discharge of 33,000 g.p.h. and pump
officiancy of 605}, tha aaving in the pumps.ng cogt willAaa calculated
belos g
| WP, = 33,000 % 10k 1.5

ez el x
2 g & 66
Ny |
HoPo =§%§- * 208 pamping NS 7).

= 042 HoPs'
Fixad cieotrioity thargos for
0.42 Py @ Ko 160,0/H.Po por
| ,.'}Gar_ = &;65300

HWollo oS running for 5000 hours apprbx. p3r yoor
theroforo K Hr. per year will bo

0.42 7468 5000 = 746 z 21 XM . Br,.

= 1566,6 X M. Bro
Coat of elactricity @ 5.5 DN.P. /M Hr. .

Then ennual saving = 1566.6 X 6.5 + 63
Be 149.3

Say BRs = 160,00 per woll.
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2,30 tho location of woll at a depression poi'nt mOaRg
making the waﬁér eourses in £illing aad more oxp nditurc om naine-
teonance, futhor fée 1o that the oxtra maintenance exponditure on
guls in emall extra £1ling portion will not bo much and tims not |
aavihg of about B.,1265/« per well will é.crue by mying alight attege
tion on water table while locating tho woll, Hovever, it needs a clos=o
“check begore taking {inal decision.

Also in an area vhero 300 wello are located and

if thé gaving 38 0.8 H.P, per woll for 100 wolls On an averago, then
the axtra U.P. released for olhor purpoeds will be 60 H.P. basidos
an operational saving of B, 6000/~ approx.

2,31 The abové calculationo have beon made on tho cssunpe
tion that draw dovn in both the cases will remain ths sam?, Howevor,
the psrmoabllity at the place whers ths stream iines are placoed
further apart will b good which will rosult imto a ssser draw.
down and consequently in a still bstter economy.

RE LRIEEN THE UE

2,32  Stendy Redial flov to a woll in confined ggu_i ifers
Whon a well &s pumped, the water s removed from

the aquifer surrounding the well and the plezomstric surface is
iowered and in three dimensions assumss a conic shape and "19‘ knar n
ac the cono of depresgaion. Quter limit of the cone dofines ﬁha areg
of'influcnce of the well, Dupuit derive& his formla for discharge
from a well assuning - _

(1) the flov to bo horizental and uniform everywhoro in
o vertifical ssction. |

(11) the velocity of the flosy to bo proportionnl t tho
tangent of the hydraullic gradlent,



=32~

ordginy the vwoll dicchargo Q at any distanco x Sor soady radial
gicr ( figurc 2,32) q@agﬂv. . : e

Q’; s ﬁv=27<2§mt % ' Gotoo‘aou'(%)
Ro-arraag&ag o _Q% = 2 ~ M én | |
Integrating Qg% = 2xbkh 4 C eue (25)

Substituting the boundry condftions at tho voll,
R = hyondz=x,
.o e=q 10 %, - 27 vy

Subatﬂ.tuting in equat:.on (25) and aolvs.ng for q
ve gob o |
@ = nm T .

. . 19@ besoecoe | )

2,33 ~Rolatlon shovse that h increnses indofinitely with
increacing x. But tho mamimum h 48 tho initial unifurm hoad ho. Thug,
from a thooretical aspscty stoady radial flov 4n oxtanus.ve conf&ned
oquifer dosa not exigt, Hwavar, r actically h approachss ho with.
dzat:anco from woll., For a roddug of znaluenco z=%xo0 and h = ho wo

gob s Q= 2 kb
: X0/

Eliminating Q from oquation 26 we gt drav down

/BT e

2.3% Equation (26) 4s knovn as Thiem (2) oquation and
.
onables the e rmeabllity to b dotermined from & pmm;,\wou; The
oo=0£f3ciont of P rmecbility is givwn by a

L\ X
B 2 e, ¥ K= 0 Y
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Whoro X3 25 hyt hy are the distancae frem the woll contre and tho
hoadn of tho resm ctive aheervatlon wells,

2,35 Bteady rg:lgl flos to a woll in an ugcogfigog

aquifors Flg. 2,36 ghows 'cha wml eomplebely peuetrating ths
cquifor to the horizental haae and 8 eoneentring baundry of constant
hood surrounds the well, The well diacharga 3.8 o

e nmm

Integrating betwveon tho limits h=h, at = = x, ond
h = ho at % = x0, yloldo " ' |

Q = Ak (ho? . py8)
- ™Yeg (:m/zw)

‘ ;slooobo (27)

Bocemsd of larga vertical £)ov compononts, thio
oquation fa:l.la to deecmba accurately the drav-dosn curve mear the
wll, Imt Q 16 detemined auffaciently accurate, i‘ha value o? o
ranges !’rom 500 to 1000 feet. ' I ’

| oaﬁ ﬂgm LCSSESAa Apart t‘ram ths draw dovn tho follering
logees alsa ocous in a wells
(n) " loss ceusod by fiow through wen serecn.
(b) loss Guo to fiov inetde tho pipe to pump Sntels

Since the loss in the plpe occurs duo to turbulont
ﬂw, it may bs taken as proportional to Q 9 vhere n 4s a constant
groater than ono. Previously a valuo n=2 was agsumed reaaonably |
patiefactory (16) but latter exp riments by Rorabough (17) showed
that n may devide asignificantly fram 2 and ahbuld be cenputed from
otep girax-: down pumping teats. The value of n will very frem woll o
woll quo to differont conditiong. But the major part of the 1loss of
head, occurs in the farmation, vhere the epergy oxpanded in overa
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_ mnving vater s directly propnrﬁinnal to that rato of motion. )

2,37 Trom equation (26) of a corfined aqu&fc\r, Fo-orrans
ging ve get, taking inte account the well 1ossos ag doscribed in
para 2,33, the total draw down

Boebely Iés%_, + o auens (28)
| Whero C 1g a constant and its valus dopande upen
the radiuns, construction and conditi on of the woll, |

mtnzwﬁ)‘ - log (“ .
thon Sv = BQ + CQy ( Soe fig. 2.37) | creve (20)
$.00 tétal}ad‘;ax#n s conalsto of aquifer loss BQ and well loas
CQD Faotor B 1a defined as the resistance of tho formation.

2,38  In order Lo minimise the Iosaea, it 19 neceaaary
that the velocity iato and vithin the welle are kopt &o aminimuma
1£ the woll redfue is dcbbied, this UNIL doublo the intake area
and wvill rduce the ontrance volocitly to elmost half, ansd ( 4 'n = 2)
cuts tho fricitional 10ss to 1oss than a third., For axial £iow within
the pipe, the area is méraaaad four tim e which will reduco tho loss
to a greater oxtont, Graph in f1g. 2,38 illustrate the variation of
wo1l logs with dlscharge (17), Holl logs due to axial flov 45 mach
" higher than the logs duo to wator ontdring in tho vell (18),

8,39 8pocific capacity of a woll s dofined as the ‘ratio
of discharge to Arern-Aoyn.

Spocific capacity =@ = _ '
ay =%+ Eﬁ&g

or _4Q = l 4t n=2
oy E@E.a_

ohio rolation chere that op ciflc capacity of a woll
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doscreases with incroaco of £lov and 48 not eona_tan{s; |

240 Conoider a cylindrical ohell of hal,ght b, inno®
radius = and outer rediue x + dx. By principle of c‘vontin'u&tvy the

cutvard £lov froa the shell through ite inner cylindrical surface
= 27xT (b - |

Sipiliariy outward ﬁ.mr ehmugh che outor cymnder suffaco =

= 2RT (x+ax)( v Thdx)

Tho gum of theeo two muat be equal to tkhé‘ tiz'né réﬁo
.0f decreass of tho onclocod volumd of water botwoon tvo imperv_ima
hounding planec., | | )

the time rate of dooroaco of the oncloedd ‘volume'

of wator 2 2axdx o 2
- 2t

Whore § 4o tho co-0fficiont of oteragoe (25,26)

'fheroi‘oms , ,
CL 2,7<xT (——-—-)+ ?_KT L)c+ dx) ( B“ + 2*h doc)

Dxr

:‘ ZK)LA)LS 2h
Dt

S84nplifying wvo havo )
LN - R
DT X Ox T ot

eseseres (30)

Tho condition for o cnrrgct ﬂomuon of this
differential oquation ares- S

g= hg oh q? 09 for ¢ é L tsecoen (G)
Limd & g =0 for & > 0 06conee (b)
E e

(x5 ) = a&for § > 0 eone  (0)
Lirdt =n-oeg e 2R '

Théta (27) aosuning an analogy batweon tho ground
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agrerontial oquation (30) and gave thy solution.

b : RIS NPT e du ' .y
" ho wh=>=— J oo — soesess (31)
S - ART Jaa s W '

L ' S T ATE

fhis integral is known as exponenti¢al integral,
. The solution for this equati on 13 representecl by
tho fonm:ring oxpanded convergent sariea

'L
S-g._ (0‘3?72_ \ca (UNP TR .\_B}_._) . A
ART -2 > csscooss{33)

vhere u = §&
+ ~Is
oF V0 ean writo

g = o
: : ' ﬁ‘% ﬁ (u) thrﬂ ‘ : | 00-.0006(34?).
Q@ = wal)l dischargd in cusaco

= Cosofficiont of tronsmisoibility
W = oxponsntial integrale knovn as well function
‘&= the argunent and 4s givon by

| 2,41 A non-dimnsion plotting of equation (38_) o
oquation (24) shows that drar dorn at a given distance from tho woll
ihcreaaea very slowly at first and reaches a maximm rate of 4RcsO0G0
at §/t° = 1 and this i tho point of inflection time. t* 4o callod ie
called the &nflection tino, R

| 4 plot of equation (34) on & sem:l-logarithimio papar
chors that value of funotion ¥ {u) tends to bacomo a otroight lino
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givoo approximatoly by the firat two ltoms in oquation (33) and
thy other terms bacomd megliglible..

. L4 .-
% e o ?—7%—?— ‘lo%w. © 005772) ngoooo (35)
'i.‘horaforo, from equati. on (29) the total drm dovn intho woll can bo

oxpressed as
& = g‘gﬁg—(lo&,w - "o.sm)'.acgzu (26)

Whoro 9y = 5 8 5+ R, botag tho offootivo radius of the Woll.
From o dfcr dovn teat, the I1ine fitting tho @raw dorn. tost dato
oables the »formatian congtant to by computed, Rapid so.lutions arc .

- obtained from . .

T & » zgaO& | ‘ _ | .
. °z .0y ) coooeons(B7)
) | 2-3% O & | | |
FET LA oM .
8 :‘_‘i-;-a"ﬁ ._ _' ' obooooocas)
Acsuning thatw S
4. effective woll radius is equal t0 nominal woll
radjus. 4
| Bt The value of 8 calculata& from oquation (38)
kodéo _ heido vithin th: immad:late vacinat'y of tho wou.
2042

Irey oquation (36G) WO have =

gdp (2303 20g 3o L56 = 0.6772) ¢ o
g .
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F&g. .& shws a plot of an obaarval woll deta
~of drer dovn and tim. The dischargs of the main voll G® dza. = 1.5

cusac ( normal dischas'go of atate wall). Tho distanco of the obger-
vation well rram ths main diacharge wou = 1000 £¢.

IRea the graph n 1s goen that cl;xangs in draw
dwn over one log e¢ycle {8 2,20 £t. Therofore substitutlng in eque

~ation {37) wo have

? = 2,30 x 1, - e
e 0g0 = 0,12 0q. £t, por c30.

rho :Lntarcapt of the 1ine for zoro dravn dtrm ig

700 8eco, ‘Eherefore from equation {88)

8= 2,25 % 0,12 = 700
e
= 00019
‘Tho valuo of fraction &84 op ono day 1.0,

Xs

£6,400 gec

= 4% 0512 pid 8654@
e b O ‘

= 8.7 x 10%

4 Jogya A5G - ‘ 8
o 019010 %3}8 = log 872107 - g4

Substituting in equation (36) we gt

48 = 1.6 . % (2,803 % 944 © 0.58) ¢ @
1:‘7<1§O°12 _‘o . )'9 Qa
= 1,6 % 20 + €@
Z.xg’bﬁﬁaoﬁ o

z:' 20¢CQ2
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or 0% . 48« 20 = 28
L orC 32235 =280
N ==12.4 (SOO:?"‘:
o e 3-

~ v.a.éa - . -Caleulations of tha above para. showr that BQ wag
20t after 24 hours of continuous pumping. The obgerved &‘raw-ﬁwa vag
484 and cszt-feAl: losseg wore = 28.5¢, In the éxample solved it was
agsumed that éffec.tivé ‘radius of the voll vas the sams as that of
screen but in case 'o‘f gravel pack wells, the offegﬁive radiua gmu

bs comeiderably bs changed and the drev-dsvn will bo stmowhet loos

due to docreased head 10s5.

244 Jacob (16) showed that by the help of a multiplo
dravn down test, :-the affective radjus can bs calculated from equation

(36) and can be given as

e = 2025.%@‘_ senseoe (39)

2,45 If tho storage coeffiolont and tranemisibility
of tho bed and effecttve radfus of the well are determinod, id 4o
poesible to compute the roeistance B, at any time, knoving ths factor
C, 4t 1g possible to gomputo the woil loss. Combining the two, ths
tobol drav-don in the pumping wen' may ba determinod 'for any time and
for ony pumping rato. I

246

By thig mathod it 1o possible guring the life of
& well, to determine ‘both the components of its sppcific drovedoin
goollitating e |

(1) rocognition of operustation of the ceroon oF oand



e |
paekﬂ.ag of the gravol woli due to vhich yloid
~ £ron the vell falla. h
{2) '-»evamation of offoctivoncos of gravex pa.em.ng
| and various developmaut oyeratione practiced 1:1
voll ccnatmctiun.

- {3) prodiction of the tropd of pumplng levels with
time and therafore proper seloction 0f pump 80
as o give optimum p rformance during tho life
of the woll,

(4) Knorledge gatned by ouch tests in an area will
help in the propr gravel packing and scroon
oponing for maximum woll cfficloncye.

STIARY, |
- (1) Prom the survey of wells it vas found that the

state wollg are geueral;y locatcd at placos whoro it is most convonie
ont to have gravity flov irrigation, Wo atﬁdy of vater tablo contours
vap made. In fact, at p esent aloo no such study. io belng made. From
diseusaiona of B ras 2, 19 to 2,21 &t io clem' that in oxder to locatc
efﬂcient and econcmic wello in somo partﬂ.cum' area, a prior aeudy of
_vater tablo contour and ground contour 4s ogsential. A-map having
Aa,\%&ﬂ)contmra vill immodiately rovoal that@ranmed and stoeply rlaing
vater tablo contourg indicate a f£ino fornatd on vhich may not bo mch
pavourable for WOl ¢onotTuction.
BDe Ru"chef apart and flét contours shoy a coarao' formatioﬁ with botter
pormeablnty.(m‘or p‘arg 2,24 to 2.26) _and ﬁduq ghould pr eferablo ba
Yocatod at such placos,



| oliles

Co A study of vater table will somotimos recult in
saving of operational cost as detailed in paras
2,08 t0 2,30, | ' |
26 After a woll has been eonstructed, o drav.dern toot
(rdfer parag 2,36 to 2.46) mist be carried out. Draw dovan test at
progent being done on state i:e'll—a 'ﬁo find out dischargd pir fo.ot:'-‘of
dopreasion do pot serve any useful purpogo. This tost will bo most
holpful and 4s recommended for eoporating ths tvo lospos so as to
agecertain tho source of any troable in futurc by a subsequent drew
dosp test., The test will help in taking remedial msasures ag to
prevent ulitmate fallure { para 2,40 to 2.42)

XX ¥
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Diameter of the well screen.

Difference in momentum,

Acceleration due to gravity.

Piezo metric head inside the well screen,

Difference in plezometric head between the gnside and the
outgside of a well screen, .

Difference in piezometrie head between the inside and the
outside of a well screen at the end through which no flow
§§g§§;;88 factor for the inside walls of the well screen,
Length of the paforated Section of the well sereen,
Hydrostatic pressure,

Difference in pressure between the inside and outside df a
ke well screen at a point of the wall sereen,

Quantity of flow,parallel to the screen axis,past a given
section inside the well screen.

Average veloeity parallel to the longitudinal axis inside
a well screen,

Veloeity of flow through the opendings,
Distance from a datum,

Specific weight,

Co~efficient of dynamic viscosity,
Density.
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hpz =
Ahpg=

Anpt pz#

Ap =

\jb\}‘ NN o«
11

Cross-Sectional Area.

Parcentage‘of total area of a well screen that is open area.
Co-efficient defined by eduation.

Co-efficlent of centraction. |

Co-efficient of discherge. ... ™

Well sereen coefficient depending upon the screen and the

. .Bravel envelope.

Diameter of the well screen.

Difference in momentum,

Acceleration due to gravity.

Piezo metric head inside the well screen.

Difference in plezometrie head between the inside and the
outside of a_well sereen, .

Difference in plezometrie head between the inside and the
outside of a well screen at the end through which no flow
ggﬁ;ﬁﬁéss factor for the inside walls of the well screen.
Length of the paforated Section of the well screen,
Hydrnstatio pressure,

Difference in pressure between the inside end outside of a
ihm well screen at a point of the well screen.

Quantity of flow,parallel to the screen axis,past a given
section inside the well soreen.

Averasge velocity parallel to the longitudinal axis inside
a well screen,

Veloecity of flow through the opendings,
Distance from a datum,

Specific weight,

Co=-efficient of dynamic viscosity.
Density.
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WELL SCREENS :
3.1, QEEEEA&I with the rapid agriculturﬁl and indﬁstrial
grovth in the country in the{subsequent plans, it is felt that
there will be acute shortage of water which will have to be met
| by Tubewell supply. Hundreds of ¢rores of rupees will be spent
on sinking of tube-wells. To utilise this large amount of money'
efficiently»and:economically, it is necessary that well structure
be designed scientifically so that they may be efficient and long
lasting, - o

3.2,  The yield from a well depends uponi-
I, - Characteristies of the underground Reservoir,
which can not be q§%pered with.,
II, Well structure and the pumping efficiency upon
.‘ which dépends magnitude of draw-down and opera-
tional c’osf, | ' |
The factors as stated in para 3,2, can be manuplated
to get best advantage from a well system, As such, modern reseaf-
ches are largely directed to establish better design crite&ia and
developments of.wall structure, These engineering structures are
governed by cgrtain tggdfet;cal prinéiples;tf these principles
are observed’g;;;;;;uo;;§}§'an efficient and economical well
structure will result, _. »

3.3, ~ One of the most important component of well structure
is the well screen, 'The selection of proper well screen to satis-
fy the specific demands at site i1s both important and difficult.
The well screeﬁs havé come into prominence in the last seventyfiye
Years or‘so,' Previously, any thing which kept sand out of the
well was regarded and used as screen. As a result the first users

called them strniners. But the preseptvday knowledge tells that a

well screen is not a well strainer in any sense of the word.
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3. 4. The basic requirements of an efricient and good well
Soreen ares’ | o “' o
1. It'shauld provide mihimuﬁ'feslsténbe to flow of
" watér into well. That is transmitting capacity |
 shiould be high with minimum head loss.
B ¢ S 1 shculd prevent undesirable sand movement 1nto
© the well. . | |
':;Iiﬁ. It should be strong enough as’ not to callapse.
. It should be resistant to corrosion and deterio-
~ ration, . |
V., Its dimensions should be economical
3,5, ~To have a well designed and good screen, it is not
possible that every aspect of it should. have 1ts mﬁximum effici~
ency, and, therefore, a compromise 1s necessary\in b§§39e the
several desirable characteristics which must be evaluated before

hand for the particular field conditions.

3,6, ~ The discussion on well scfeeﬁ‘ih this chapter has,
théréfore, bgen‘d;vidéd into five sebtions according to the items
inén‘in ﬁaréxagg;_ dealing with the influence of these factors
on well design and ;tallifé,ﬂ,gs discussed in the previous chapter
‘the giouﬁdvformatiOn haé an important p#ft in the design of well
séreen. Importance of sand tests can not be over emphasized X A8
such typical sand analysis of about 8 dozen :tth wells of various

'districts have been given as aample in appendix 1ge,
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3.7. The flow through and into the well screen can be
imegined as water flowing through a series of orifices openings
and then flowing into a pipe manifbld moving along the axis of
the gsereen, As the water enters the scr%en, a conversion of the
potontial energy to kinetic energy takes‘place and the jet is

- formed, A dissipation of the Jet energy, which cen be nssumed to
be complete, then occurs, That is, the kinetic energy of the jet
is not recovered as either potential or kinetic energy. The water
then accedorates in a direction parallel to the centre line of the

ac¢reen.

3.8. In figurex 3.8, a well screen of length I and of
diameter D 4s placed submerged in a liquid., The water enters into
the sereen through its openings and flow out axially with a veloei-

ty V. The top of the sereen is under a head th'pz_

3.9, s a first approach to the solution, considering the
screen surrounded by a liquid only, the loss of head caused by
. «www-flow.through a sereen will depend upon the characteristics of
screen geometry, the fluid and the flow, The most important varin-
ablesn ingluencing the flow are:-
1. Sereen length, L
2. Screen diameter D
3., The percentage of open area, Ap.
4, The co~eff1cient_of contraction for the opening Ce.
8. The internal roughness of the sereen 2,

6. The difference in pressure between the inside
~ and outside of the screen - AP.

7. The velocity of liquid in the well screen V,
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8. The masg donsity of the fluid, P.
2. The co-officiont of dynamic visconiby,/a

3.10, The above variablos can be arranged in the following
relationshipsa- . o '
£ ( LyDyapyZ, Py ey Vy Apy <) =0.-(31)
Taking D, y, and V as repeating variables'and sc1v1ng by dimen~
slonal analysis vwe get the function:-

fg ( L. ’ % s AP, cg’__\i__ YD P )= 0-(32)
Pyt

The paramater__f— can be written as —h—}’%’by multi-
Piying by_37_ . if the pressure loss is assumed to teke place

between two points at the same level, Equalion at (32) can be ro-

arranged as- .
Ahbz - *$ (C( ) A\,,}_\:___ z )\/DP ) - (»3)
\I"/oo |

3.11. 8ince the effects of the viscosity are of secondary

importence and the drag inside the well secreen is almost entirely
the influence of the jets 4ssuing from the screen openings, there-
fore, the Reynold's number and the roughness parameter can be
neglected from the consideration and the equation (33) reduces to-
"V% ¥a QCQA\"") - = = = by
3.12. Assuming that: o

1). there 1s no acceleration normal to the direetion

Qf flow. |

2). fhere is no variation in the velocity across the

sections coﬁsidered and |

3). there is no resistance tb flow and twus

We can utilize the usual relatiohship by applying

the prineciples of continuity, energy and momentum.
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3.13. Thus ue have-

= VA, = VaA, - - - (zs50)
Vv, /Z.Ca + P/y +Z,—_ vV, / za A P_z/?/ s Zy o — -
- ond ?\) - ‘) (Q\V\

(zsv)

L\/.L} I QSG\:)

vhere subseript 1 and 2 ecorrespond to the section shown in the
figure (3.8).

' 3.4,

to be

The inereament of diséhafge dq, through an incrment
of length dL, can be shown by the energy and continuity equation

aQ = Ce A\aZS pY i‘chA\\‘xz dl. - -- (36)
Integrating equation (36)

y the total discharge into the sereen is

= Ce AD 7~ Ojiq SM vz dL --(37)

Now considering section 1 and 2 and applying momentunm
equation to the flow within the pipe we get equation

Ay (Wpzy - Wpz) = =P (aw, - @pva) - - - - (380
The differential form of which 3is
-ATq dwpr - d(at) - - - - (=ay
If the plezometric head hpz on the entire outside surface 1s cons-
tant, then Al\¥z. = O Cemsk. — k&z. - = - "(5595)
Therefore equation (38b) can be written as
M) - AZ%&(A\\‘VZ) - - m By
Integrating this equation ve fjet:

=g = P\lczS A\\\vl L G (4°\>)
Since akbz = ARz When Q= ©
. C\ = = N“EA\'\'\YL - - - 77 (A\)
vwheuezs\bgz

is the difference in plezometric head
between the inside and outside of the screen at the point when
L =0,

Rearranging, equation (mb) ve get:
' Q- = LA\\‘PZ - A\\\;z) B
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Difforentiating equation (42) with respect té L we got
:Q = A9 d(awy2) o (as
- 26 a

) Hhen equations 36, 42 andﬁ 43 are combined into the
diamensionless relationship ve have

2Cc AV D Azy d = S (L_———— - (44®)
W : | — * iQA\\\"l) (A\\\vz PAN'N \:7.)\}
oL S, & (2W%e) - (aab)
> AL (AN LA\\\YZ.»A\\\)‘L)\S

Integrating equation (44b) we get ‘ \
| CA G 2 aWpz - AW >+c’_ (a4 )

in vhich € = 11,81 Ce,Ap. -=~=---- (444)
Applying the conditions vhen L = 0 we have Aﬁ\"t = &Y=, there~
fore the value of Cg = 0.

subsﬁentutino the value orlhhpz' from equation 42,

the relation at 44C can be written as

A Rpz o Gas _%_ ~+\ . (as)
YA - — — —
, « /A"ﬁ Cost Sy
or in terms of velocity ‘ S
C\. i
Akpr 5, s - =~ -(ag
VI/Z‘H C@S\\ C_\.. __\

>
3.15. Thus we find that equation (45) is a specific rela-
tionhhip that combinés the dimensionless parameters Cc, Ap and L

‘into a single variable,

8,16. If we plot the two dimensionless parameters@ﬁki)and
€L in the equation (45), vwe see that loss coefficient factor
D be 3 e . ‘
jiiit“) hununnn becomes nearly constant for 1arge values of cosh
%% and therefore plus or minus one in the equation becomes insig-

niticant.

3,17. S.Poterson and others (1) after taling into account
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3,18, A larger value of (L than the oritical value of six
6an be obtained by- | ’ o “
(a) inereasing the percentage of oben area Ap
(b)' menuplating the opening b;; such a way as to
increése the co-efficient of contraction Co. '
(¢) increasing the effective length of the sercen,and
(d) decreasing D,
Hence we find that for head loss to be minimun, the
percentage of open area of the Bereen vill depend upon L and D

But deereaéing D also reduces A and consequently inereases ahpz

3,19, The aboveldiacussion and experiental verification
was related to screens_placed in the 1liquid only (Paraa.g).When
the sereen is surrounded by gravel or sand the problem becomes
more complicated due o several additional factors creeping into
the the problem, Some of the important factors éreeping into the
problen are: - | |

(a) 8ize of the sereen opening in relation to thé
size of‘the sand grain or gravel pack.
(b) Size of the gravel relative to the diameter of

the sereen, and the
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the effect of viscosity and boundry zone conditions for flov in

the pipe have obtained the graph_grig. 3,17) vhich closely followo

the theoretical graph obtained fram equation (45). From the graph

it 1s observed, that the curve becomes asymptotic to & loss co-effi

cient equal to two. Therefore for practical purposes, the loss

coefficient is eonstant and is equal to a value two for all valgzs

Qf'%? greater than six, Since the loss co~efficient is a measure

of.lqss,.thg loss is a minimum when the parameter(

“Umﬂg‘i,e,,M;gss co-efficient 15 minimum,

3.18.

ahbz
Q"/A"%

)4s mini-.

A larger value of LI, than the critical value of six
D .

can be obtained by-

(a) increasing the percentage of open area Ap

(b)' manuplating the opening tgé such a way as to
increése the co-cfficient of contraction Co. '

(¢) increasing the offective length of the screen,and

(¢) decreasing D. |

Hence we find that for head loss to be minimum, the

percentage of open area of the sereen will depend upon L and D

But decreasing D also reduces A snd consequently inereases ahpz

3.19.

The above_discussion and exper;ental verification‘

was related to screens placed in the 1liquid only (Para 3.9).Vhen

the sereen is surrounded by gravel or sand the problem becomes

more oomplicated due to seveta; additioﬁal factors ereeping into

the the problem. Some of the important factors creeping into the

problem are:

(a) S1zo of the screen opening in relation to the
size of the sand grain or gravel pack.
(b) Size of the gravel relative to the diameter of

the sereen, and the
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(¢) 8tandard deviation of the gravel. o

3.20. Due to gravel pack, the open area of the screen 19 |
partially blocked and to take 1nto account the abnve Iactor
Peterson etc. (1) have suggested a new screen co-effieient cs uhich |
is expressed as: | | |

. Cs= o pa -

: o Ap u‘fl . S : .
where_l&aj—'s percentage of open area when gravel surrounds the Casing
The eqnat;on‘(44d) 1g rear?angéd as?
C = 11.31 Ap Cs. --- - (4n)

in which Cs replaces Ce and 1ncludes the reduction ractor for Ap.
For sereen placed in liquids only Cs = Ce. Therefore equation (47)
is valid whether the screen is gravel packed or not. ?eterson ete,
have shown by experiments that loss through the gcreen is indepon=-
dent of the gravel envelope (fig. 3, 20) exeept when the percentage
of open area in the screen is 1na&equate and the size of the gravel

is gmall,

3.21. E§uation (48) above prqvideslavmethodhfor eheck1ng |
the head loss incurred by flow through the sereen andg in the well.
Since the head is not constant over the entire length of thé scréén,
the differential head will also vary from point to point over the
length of the screen. ‘From graph (fig. 3. 21), 1t will be seen that
value ofAh\,z. is greatest at the discharging end of the screen

end decreasos with an increase in distance from this end.

3,22, Lab. exporiments indicate that practically all the
fiovw into the well takes place only thrqugh the length of screon,
from the diachafging end, necessary to obtain a value of 6 for %? )
therefore better sereens must be used at the discharging end of

the wvoll,
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3.23, Since the maximum defference 4n head occurs at the

suctionapipe intake (refer para 3. ?1), the velocity through the

~screen in this region will be the greatest, and, cansequently

~excessive sand movement 1swliye;yito occur. This fact must be

~ realised,while~choosing the screen,

3.24. "Another theoretical computation haé been establishe

ed by Arnand (2) and has been experimentally verified for a

screen surrounded by gravel vhich shows that the screen length |

for which loss co-efficient becomes constant b depends upon

pormeability, K, of the formation and the thickness of the surroun-

ding material.

3.,25. Designh eriteria resulting from oguation (45) can be

summarised as follows i~

1.

2.

3).

4).

To have minimum screen loss, the value of Ll
nust be greatar than 6, | P
For—~:>e,the gravel size can be chosen for
‘best sand flow control,

The actual head loss for a given discharge for.
Yalues %—'—56 depend only on the diameter of
the sereen, Therefore minimum value of loss ean
be obtained by manuplating L,

The greater part of the flow into a well takes
Place over the length of screen (measured from
the discharging end) required to obtai'n a value
of 6 for g&. The quality of tha section of sereen
is, therefore, of grester importance than that

of the remaindar of’ the screen.
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3,26.  Gilbert Lee Gorey (3), worked out the relation in
screen co-efficient and loss of head and has concluded that when
the screen co~eff1cient is about 16% or greater, it has 1ittle or
no effect on the loss of head through the screen. But as the co-effi-
cient decreases, the 1oss in head is very large. Hence for screen
co-efficient more than 15% the loss of head will be independent of
the shape of the opening (fig. 3.28).

3.27. When the value bf sereen co-efficient becomes less
that 16% the velocity of the Jet is 1ncreased due to reduced area,
Momentum of the jet 13 1ncreased and a greater amount of energy 18
dissipated in deflecting the jets through 90°, leading to a greater

head loss inside the screen.

3.28. In the province, at present no such désign criteria
for minimum head loss is being fqllowgd. From the survey conducted,
it was seen that almost all the wells, whether they vere of straight
g¢reen type or slotted type, héd diameter of 6" and the screen
length 100'. It was due to the fact thatvnd such criterias (refer
para 3.25) were available in those times. It will, however, be
interesting to note that a heed loss. saving of as low as_l.o,ft.for
a discharge of 33500 g.p.sh.(1.5 cusec) from a screen of 100' length,
the saving in operational cost will be K. 54/~ per year apprbximate—

ly as shown below:

Saving in H,P, = ;,5 X 1,% x 62.4 x ;g%
560 6

= 0. 262
vhen the pumping efficiency 13 assumed to be 653. Assuming average
running hours per year to be 5000 hrs, ,the cost of units consumed

at 5,5 i?. per nit will bo-

Cost of electricity = g,gG; x 746 x §Qgg X 5.5
1000 x 100

= K3.R4
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| 1t will be seen ﬁha% Safing in H,P, ber wvell is
0. % H.P, and for hundred such wells 1t will be 26 H.P. vhich

can be utilised in some nther works.

3.29 In order that the screen for ninimum- head loss be
designed quickly by the working engineers in the field after
ascertaining the fcllowing factors'~

I, depth ofﬁwaier bearing formation.

II. the size of openings.

I1I. the size of the gravel or sand in the surroun-

ding aquifer.

IV, size and type of pump and its 10¢a§}on.

V. Proposed maximum draw down in the well. |
It 18 necessary that screen co-efficients for vari-
ous types of screen and gravel size combination be readily availa-
ble_to them. At preseht no such published data exists in our
country, It is felt that the work in this direction for finding
screen co-erficients for e wide variety of screens will be of
greatest praetical value to the Tubo-well engineers. The influence
- of the factors enumerated aho;SM:;?;;; performance of axwell is
discussod in the subsequent sectiona.

In U.8.A., screen co;efficients of large number ofv'

commercial screens with various types of aquifer formations are
available (1). -
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3.28. TFrom appendix B, it will be seen that ‘cause of complete
failures or partial failures of deep wwlls in majority of necases
vas due to sand discharge which was either 1n small or large .
quantity damaging the pumping equipment, clogging the sereen and
lovwering the efficiency of the wells, Sand discharge actually

accelerated the failures 1n many cases.

v3 29. CAUSES: The sand movement is causod due to 1nherent
capacity of water current to dislodge materihls vhich are at rest.
The transporting~pqwer of a water current is reckoned to vary as
the sixth power of its vélocity, _Apcqréing to the 1ﬁws governing
the transporting power of a flupd, the'd;ametep of the material,
which 1s_cg;ried, 1ncr9ases prope:tiopaliy‘ta the sduare of}the
velocity, in idea of the dislodging power of clear watér éan be had
from the table below when compared to dislodging power of fresh
air (71 | |

R e S RS e e S e e S o e o e B s e et e e e Y g

Size- Yel, of water Vel,of wind:

Material. Diameter f,.p.s. m.p.h. £.pe8 m,p.h.
e A0 ANCHOS. p— ,
Fiﬁe_sand b,cz Gﬁn.wein. 0.34-0. 51. 18 12
Gerse send 0,04 1.0  0.68 38 25 |
Gravel 1,00 2.5 176 - 100 and sbove.

then the water holds in it mud in suépension then due'
to 1ncreased'density, 1ts'carry1ng'powér 1s much increased for the
same velocities. 5
3,30. There is certain critical velooity (6) at whioh sand of
any given grain size will_behdialpdged from its bed and carried
1ﬁto 8 well under any constant.set of conditions. The sand classi-

fication according to American Institute of Mining Metallurgy is
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givon hereunder:-

Hoterdal .

Pine sand | 0.005 = O.bl -
Medium send. 0.01 = 0.025
Coarse sand  0.026 - 0.062

Fine gravel 0.062 ~ 0.1

3.31 According to Griffith (8),Parkers table gives velo=
cities above and below which the material 1ndicated is carried

or aottles in uater.

TPy anr ey et e e o s o sy g e S S e 2 i (3 S v T Y ey e s ] e gman e
Material. Vel.f.p. 3 2 }iatﬁrialo. Vol. fuDeso

Soft earth 0.25 Coarse sand 0;8

Fine elay 0.25 Sand & gravel. 1.0

Soft cley 0,50  Gravel 2" 1.5

Fino sand 0.7 Pcbblos 1" 2.0

Another table giving lifting veloclties of sand graing
 for various sizos in millimoters, with a spoeific gravity of
about 2,65 (2) is as follous2~

Upto 0.25 0.0 = 1.10
0.25~ 0.50 0.12- 0.22
0.60~ 1.00 0.26~ 0.33
1.00- 2.00 0.37- 0,56
2,00~ 4.00 0.60- 2.60

' 8,32 Babbit, ote.(9) have suggested a veloeity of flow
upto 0.2 f£.p.s.suitablo for wells. But, however, the most suitable
velocity of flov of water from consideration of sand movement in

unconsolidated aquifer and hoad loss is 0.10 f£t. per sec.(1,10,11)
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and is widely used for designs in calculating the sereen dimen-

tions. Velocity of 2 f.p. s.being considered too high for design.

3.38, zgzgggngg_gz_ggggg The wells in India are generally

in the unconsolidated formation such as‘clay, sand and gravel.
Commonly the- layer of fine sand occurs above the layer of coarsa
sand Where rine sand beds are not perforated but coarse sand gra=
vels are, the water from the fine sand beds w&ll run down outside
of then casing to the beds that are perforated, washing clay from
the 1nterVening beds, cansing the water to n be turbid and thus
more powerful in carrying sand particlas with it (refer para 3.29).
The dram-dom to 'che pmnping level furnishes the differential
head for flow outside the pipe between perforated and non-perfora-
ted beds (12). | '

3 34. ;ﬁELg@ﬁ_g_gﬁ_ﬁggg__ggﬂﬁlggg: Sometimas minor cave=-ins
cause the water to bocame turbid. Hhen enoughApand. is pumped
but of a particular stratum, a ecavity will be formed in it and
the clay bed above 1t 'will sag dowm, cguaing 2 run of clay and
sand, and in some cases even collapsing the casing a ﬁotential
danger for well life.

3.36, INFLUENCE 0"' CLOGGING t- Clogging of screen perforations
due to doposit of sand particles on the openings or clogging
due to any other cause reduces the area of openingu and increages
the Velocity of flow through the req;nder of the openings thoreby
causing more éaﬁd ﬁumping'as timo rollslcﬁ (~Refer appendix B ).

‘ 336‘ - ‘

control of pumps often results. in large quantities of water flowing

Improper

back into a well from the discharge tank under a high head, causing
| upset in chemical, hydro-static and formation set up conditions’
vithin the eircle of influence, the deposits of . the products of



Fig.3:38. Grain <ize distribution zvound the well <ereen of a properly developed
well in an uneon~ohidated formation Cconrte =y FEdward B Johnson, Inc)

o
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corrosion and incrustation on pumps parts and on the interdor
walls, to say nothing of the continual surging effect to which
the well ig being gubjected., The continual upsetting of the
hydro-static conditions in and around a screened well often lsads
to sand inflltration or sand pumping as well as inecrustation @
(13). |
' 3.37. INFLUENCE OF GRAIN SIZE :- “Sand Gravel® 8r “alluvial
deposits” in which the wells are located vary from the fimest
pgrticles of sand upto boulders mixed with clay and silt, If

the formatdon i5 poorly sorted ( fig. 1. 22) with small partichdas

*n\ﬁggqppying the interstices betveen the larger areas and still

smaller particles occupying the space betwveon the small particlos
and so on, the result is that porosity is greatly reduced. It

must be born in mind that it is the percentahe of fine, minute
particles that determines the yielding ability and not the

larger particles, These smaller particles also effect both the
performance of a2 well and its sereen and 4f not controlled and
climinated may cause enough trouble to pumping equipment to cause
the well to be rejected as a complete fallure.

3.38, INFLUENCE OF DEVELOPMENT :- Previously the main
purpose of the screen was thought to prevent sand from entering
the'well, consequently fine screens were vused which would
excluded 60F to 80T of the sand. But this concept has changed
noy altogother. If the screon size is selected properly so as
to allov the fine particles of sand surrounding the screen to
pass into the well and bo removed by pumping ete., then
development of an envolope of coarse material around the screen
with gradatiquoutward te the original mixture will take
place (fig 3.38)., 1In other worda,(??g;;;;;;§\and size of the

particles in the formation surrounding theo screen has increased



and also the slot opening of the screen., The zone of coarse
materials formed will be in somewhat(i&péenwwtate‘ The increase
in slze of particles and slot opening in turn reduces entrance
losses at the screen vhich gives a higher transmitting capacity
for the open area of screen of the longth used and in this
vay draw-down 1s reduced. It also reduces velocity and snad
carying capacity of the water, theéreby reducing wear on pumping
'equipment. - | | ‘

~.3.38, “To satisfy-all the requirements of para 3.30_‘20
3.38 above 4.0, of (1) lov veloeity,(2) Low head,(3) Sand free
‘pumping, (4) nom sand clogging and (5) proper development, a
careful sand analysis i1s carried out before the size of the
opening of the screen slot is decided upon. Analysis of
“gand and §ts texture can easily be made by the help of a sievev
test which will ghow the proportions of tho sample consisting
of Specifiod sizos. ”

3.39¢ lLIEBEBEEA_lQH._QE._AEE_A_ALxézﬁiz Sand analysis
' graph 4s first plotted on sand cumulative percent retained basis

- and the sigze of grains as crdinate'and abscissa respectively.

Braad priciples of interpretaticns from such a graph are t-
(I) &enerally, for most sands, screen opening size
of which<3o to 40 percent of the sample is coarser
18 chosen for sand free operation in thelonger run.
11, Sand which is {irtually homogeneous with a lov
unifoimify‘cofefricient, a finer screen is chosen.
’ IiI;Sang'samplés in which smallest size of sand grain
is'present in the 1argast‘proportidn, 1t will bo
protitable to allbw the sand sizéto'passAthrough

the mosh even 1f it be as much as 70 to 80 percont
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ITRATION OF SAND ANALYSIS: A typical sand analysis
and. 1ts graph as outlined in pmn pora (3.39) 1s shown in fig3.40)
It reveals that the strata sample,copta;ﬂa abput.soﬁ of fine gand,
256 o medtu s and rent, 466 of Coneser matorial varing .
different sizos. The Wefrective,size“ is,appraximately 0;006 in
end that the .size of which 40% of the semple is coarser is .026 in,
approx. The “uniformity“ co~efficient 18 ,026/ ,006 = 4,2 indica~
ting a medium coarse sand vary;ng«-eonsiderablp in sigze of parti-

cles. A scroen opening of ,03% is therefore provided.-

3 41. Dascussions of para 3 38 and 3 39 shew that screen
-opening size should be chosen such that finer particles of sand
in the strata are removed and a large end sand free supply is
therefore,»ensuréd with minimum head loss. Those finer particles
from the strata are removed during the development stage. Tho
development nay be carried out either by ordinary pumping or by

any other stendard methods.

‘ 3.42. It is found practically thet the texture of sand is
not of the same degfee every vhere and’éfén 1ﬁ thesame boring it
varies widely in different»layers.J Discusgions of previous pafas
show that the main object of design of opening is, as far as prac-
ticable,‘to remove the finer particles from the strata arqund
the sereen in the maximum Quantity. obviéusly, therefore, it is
of utmost importance that screen openings ere provided to match

the particular strate. If it is not dono then troubles are bound

.%o orise in future,

3.43 OBSFRVATIONS ON SURVEY REPORT: On the state wells
surveyed by the author (appendix tB*¢),this principle of selection

of screen was, hovover, not observed strictly and a common strain-

# - a - - a. - = - a - - B I A P P A

_——— B o e i
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of gréin size and degree of assortment of gand, It is apparent
that this‘faétvuas 6ne of the main cause of wide épread defoctw:»
of pand discharge and 1mmature failures ofstate wella 1n U P.

In appendix ("0“), sieve tests graph or 16 wells
(fig. 3 43, A.B. c.) are given where a common scroen mesh of speci~

fications given belowwas provided.

$14 A 3 0 LALNER Agricultural type, 7" out’
side dia.Copper woven wire sheet of '8tx22", The 21 8,W.G.ribbon
wire should give an aperture of 0.0115" made of 24 §.W.G.Wirs to
the linear inch in the direction placed togethor by a serics of
ribbons elternately 1/16" and 6/16" apart. The Woven Wire 21 S.W.G.
and wire by 15235} S.Y.G.(mede from 24 S.W.G.).

, However, a study of those graphs indicates that screcen

specifications for cach sample should be differmmt,

3 44 bove dlheuasions show that the proper'sieve test'of
each layer of sand and its correct 1ntorpretation is extremely
important for high efficioncy and longer life of the woll and must
be doneby;bxperienced persons who are well on the job., Sieve
‘tosts are nowbeing.dnne at seveia1 places for nev state wells and
mesh is being selected-ta mateh the fbrmation,-bnt.still at some
other places, the sand is being classified by "see and touch"
method end meshes of only two or. three gigos are being uaed; This
process if continued, will ultimately lead to well disaster in
‘the distant future. |

prevent damage to a well caused by back flow of water under high
head (refer para 3.36) an automatic non return valve may be pro-

vidod someuherelin boetweon the pump discharge end and the delivory.
Somelimes. o shice vabe g o\\\) \‘.rov;dec\ abt “the c&e\{vgyy Side .
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But this is not sufficient because the operator sometimes does not
close it before cutting the power to the pump and slso the power
tripping in rural transmission lines is so freguent and sudden

that operator can not have any control over 1it,

A ——————
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3.46 A woll screen is generally manufactured by cutting,
or punching the perfodations on a plain pipe and, therecfore the, pij
is considerably weakened. ¥wWhile specifying construction materials
strength of the finfished products mﬁst_be-taken into account. The
screen must be able to withstand 1ateral_earth pressures, pressuri
due to shifting strata andthie gréﬂual weakening effects of corro-
sion and eorosion. It should have sufficient buckling sfrongth to
support the weight of casing pipe above{ It should not be bent o
crushed under these loads. The basic requirements for th proper
resistance to stress 1s the selection of sultable wall thickness
and opacing of perforations. The strength of the pipe be
forated is decreased considerably if tb perforations are
in width than the thickness of tk metal being perforated

3,47, In addition to above, there are chances o
seroen being ruptured or twisted from sudden rotory jerks wue vo
collapse of cavity created in some layer of formation by excessiv
sand discharga (refer pgra'a.aé)_or faulty construction and locaw«
tion of sereen in the well, The selected screen, therefore, must
have sufficient strength and duetility to withstand such hazards.

3.48, The copper wire-netting ¢loth wrapped on perforate

Plpes as strainers on state wells is very dellcate énd can be
dostroyed very easily by small but commonly occuring accidents,
Tho mosh i1s kept in position on the perforated pipe by soldering
it on to the pipe. But tkr soldering itself is very weak and can b

broken by slight heavy jerks., Uhile in transport, a slight dent
at any point of the mesh makes the wire flatten vhich of coursec
is an invitation for rupture by'shifting strata. The copper mesh

can also be ripped off due to lateral pressure. 1t is aléo consi
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dorably subjccted to errosion. v

3.49. The discussion in para 3.48 shovs that the
coppor mosh uscd as strainer on state wells is not a suitable
article for tubo-woll construction and in majority of cages
vill fail comparatively quicker. For cconomy and longer life,
a robust sercen 1s ossential for wells. It 1is believed that
o careful soloction of screen will contribute more to the 1life
of a woll in unconsolidated formation than any thing else.
Spocial nttention uhile'selecting the screon must be paid to
the portion nosr the aischarging'ena-of5theogjgg#é::£3§€g5§%"i

3.22 and 3,23). In this region the velocity,will be high and

to prevent sand movement more open area must bo provided here.

T
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CORROSION AND Incausrgrxon OF WELL SCREENS AND CASINGS
AND 175 PREVENIION,

CORROSION OF SCREENS AND CASINGS

3.5 GENERAL= The ground water, in general, is corrosive
or incrustating. Doteriorgtion due to these factors depends upoh
the degree of chemical elements presentlin it, Rafe of pumping
also excercises a far reaching influence over fhe 1ife of & well
screen. Theée three phenomenas probably contribute to more

screen fallures than all other agencies put together (10).

3.51 MECHANIOM OF CORROSION:~ Iron, md all other metals,
when placed in contget with water or a solution, has a definite

inherent tendency to go into solution in the form of electrically
charged particles (Iron lons), but since the solution must remain
electrically neutral, these positive ions can enter the solution
only if sn equivalent numser of positive ions of some other ele-
ments are somehow displaced. In case of iron immersed in water,
the element immediately remove§ and plated ocut on iron is hydro-
gen which forms a thin invisible film over the iron surface.
The formation of this film obstructs the reaction
(a) by insulating the iron from the solution, and by
(b) increasing tendency of the hydrogen in the film,
to re-enter the solution and thus oppose the
corrosion. Thus the first stage of the corrosion
which was initiated by just immersing iron in
water may soon come to a stop and there may not
be appreciable damage.
If the hydrogen combin®s with oxygen present in the
solution to form water or it escapes as hydrogen gas bubbles then

the original reaction progresses, releasing more iron into the
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rote dotormined mainly by the rate at vhich the hydrogen film
is removed and the metal goes on deteriorating. This is the
second stege of corrosion and is responsible for the majority
of cases. The rate of destruction of hydrogen film depends upc
the effective concentratfion of dissolved oxygen in the water,
and this in turn depends upon factors such as the degree of
aeration of water, vhether the water is at rest or in motién,

the salts present, the temperature etos,

- 3.82 ,ihe,tendenéy of hydrogen to plate out from an solu-
tion_inareases vith the degree of acldity of the solution and,
therefo:e,lthe~reantion in the acid solution is s much more raj
and pronounced. This reaction is less rapid in more alkaline

solutions. The iron, vhich enters the solution 1s soon i

down as ro rust and it may further aggrevate the situat]

permitting formation of additional iron ions from the m
3.563. ; ,
chemical actions can be expressed as followsse

Hetal Ions ions atomo

This primary reaction is followed by either (a) the
destruction of the hydrogen film or (b) its removal as gas
bubbles as shown belows

EH L= 3./2 e e Hzo -q—-’b-—c—--—-u‘-------o—na-(IIa)
atoms dissolved liquid

2H r——r——s——" Ha ——— - W o b P s 5 A S e W S S e S "’""“"‘(be)
atoms goo

The rosction (I) procoeds with the accumulation in
the solution of Fe®° vwhich is oxidised and precipitated as rust
as shown belows-

ZFe?®s § Opg ¢ Hp 0 == Fo **® & 2 OH «w>~ inscoluble hydroxido
(rust) w-e-«(11I)



(3)

(4)

(6)

(6)

In absence of moigture, iron will not corrode
oppriciably ot normal temperature.

Oxygen is usually essential to promote corrosion
in eny circumstance. Dissolved oxygen alone
vill greatly accelerate corrosion in acid, neu-
tral, or slightly alkaline water. In ground
waters, the rate of corrosion is almost directly
proportional to oxygen concentration, other
factors remaining the same.

Corrosion is more rapid in acid solutions than
in neutral solutions, and the latter is more
rapid than in alkeline solutions.

Hydrogen gas is usually evolved from the surface
of the metal during corrosion in ecid solutions
and concentrated alkaline solutions., The evolu-
tion of gas is very much less in neutral solu-
tioﬁa.

In natural ground waters, the precipitated rust
usually carries down some compounds containing
lime, magnesia, and silica together with other
insoluble materials from water. These substances
have considergble influence on the structure and
density of the rust coating. A loose, non-adho~
rent coating under ordinary conditions may ncce=-
lorete corrosion, a uniformly dense and adherent
coating may reduce the rate of corrosion very
considerably.

gurface filmos railse the potontial of matals and

nmnlta thom mare reaaliebont A anrranisan
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(7) In most cases the initial rate of corrosion is
much greater than the rate after a short period
of time.

(8) 1In natural ground waters, the rate of corrosion
generally tends to increase with increase in the
velocity of water.

(9) Metals of different éomposition when come in
contact with each other in electrically conducting
solution, sets up a difference in potentiazl and
thus accelerate corrosion locally.

(10) Corrosion of submerged metals 1s not uniform over
the entire surface and distribution of attach
determines the useful 1life of metal,

(11) Some biological organism,such as anserobic bacte-
ria, often accelerate the electro chemical process
of corrosion. :

3.56, LOCALISED CORROSIOR (PITTIVG) :-THere is very serious
problem of pitting of blind pipes or sereens of wells, Many tube-
wells had to be abondoned due to defects developed by pitting
(refer app.B). Holes as big as agbout 3" dia have been seen by the
author due to pitting in pipes extracted from failed wells in
Tubewell Divisions of Muzaffarnagar and Meérut (fig.3.56).

3.57. Pitting is merely a localisetion of Corrosion which
is taking place. It is caused by concentration of electric curreats
resulting from potential differences on the metal surface. Factors
causing such irregularities agre:-

Hetrogeneous structure, metallurgicel treatment, surface
roughness, scratches, mill scale, openings in applied coatings,
differential concentration or composition of ccrroding solution,

stray currents i.,e. electrolysis, etc.



3.58 Dissimilar metals when in contact also promote corro-
sion rapldly. thitman and Russel found that Qhén copper comes in
contact with steel in water, the rate of corrosion is much more
than the corrosion of steel only (31). Thus we see that agriculdnpno

tural strainers are naturally more atuned to rapid corrosion.

3.50  8coffeld and Stenger (32) showed experimentally that
‘metal surface in contgct with dissimilar soils vhen kept moist,

activate local corrosion.

3,60. " 1In comﬁercial iron and steel several olements such as
Carbon, Manganese, Phosphorous, Silicon, Copper, ote, are generally
found in various degrees of proportions, and some of them have a
marked influence on the rate of corrosion in certain media whild

others have little or no effect.

3,61  CARBONz It has'little effect on resistance to corro=-
sion. Chappel (33) from his experiments concluded that corrodibility
commercial Buam iron and steel 1ncreases slightly with increage in
carbon to about o. 89%. With 1ncrease in carbon beyond this point,

~ the corroaibility decreases.
7 Aitchison (34) from his experiments concluded that of
the normal éonstituents of steels, the cementite structure of steel

is lecast attecked.

N 3.62 géﬂggﬂgggs- It does not have an éppreciable influence
on the corrodidility of commercisl stecls in which the manganege
contents range from about 6.26 to 0.60 per cent (25). then the
monganese is associated with unusually high sulphur contents, the
rate of corrosion is acceleratéd and more go in acid media(36).

3.63 PHOSPROROUZ:- Diegel from his ekperiments reported
e ’
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that high-phosphorous steels are more resistant to corrosion

thén'lowuphosphorous steels,

3.64. QULPHUR: In moderate amounts it has very little
influence on the corrodibility of steel in neutral water, but

the effect becomes more pronounced in acid weters.

3.65. SLICON:  Within the range of 1.2 to 2.3 percent,
it does not seem to have any influence on the corrodibility of
metal either in dilute acid orneutral solution ( 37 ).

3, 66. COPPER: German State Institute for Testing Materials
| (38) carried out 1nvestigations in various circumstances and
concluded that durability of metals exposed to pround water, aci-
dic solutibns;_gtc, vas increased by the presence of copper.

Steels with higher copper content rusted relétively less.

3.67. gzggggg Increasing quontities of nickel progress-
1ve1y decraases the rate of corrosion in groundwater, etc.
‘expoaure, Howe (39) experimental results on the erfect of Nickel
'on‘the_cerrodibi;ity of steel under natural conditions is summa~
Tised in table 3.67, | |
- Pilling (40) observed that vhen copper and Nickel are alloyed
together in stedl, the beneficiel offects of Nickel are further

onhansed. These offects beocome more impressive as time goes on.

3.68. CHROMIUM3~ Tests carried out by Friend, Boentley,
and West (41) and Aitchison (42) on specimens of steel containing
Showed \wo%vesswe decvease W' vale o4 Crvouion .
various amounts of chromium
3,69 STAINLESS STEFL: These are highly corrosion resistant

steols. Many vorieties of stainless stecls having different
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for a variety of applications vhere high resistance %o corrosion

ig dosirable. In fresh water and pure air polished stainless

steecl is practically noncorrodible. In galt wvater the rate of

corrosion is very much less than the ordinary ecarbon steel. Tho

rate of corrosion 1g definitely decreased further by the addition

of 2 to 3 percent Molypdanum,.‘Hanuracturingiof stainless stecl

requires very exact controls and is therefore, quite costly.

3.70 - If metals are arranged in the order of their tendency
to corrode galvanicelly, the following arrangement (43) will result:

1,
2,
3.

Hagnesium (Corroded End Anodic)
AMuminium, |

Zino.

Cedmium,

Iron, §

Chromium Iron.

Chromium [itkel~Iron.

Tin. |

: Lead.
{ Eiekal.,c'
, iBra&sessp

~ Bronzes.

Wickel-Copper alloys.

Coppor. -

Chromjun Fickel~-Iron.

silver, -

Gold,

“Platium (Protectdd end o cathodie).
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The metals grouped together in the ebove list have small tendency
to produce electrolytic corrosion. But vhen metals geparated
from each other in the above list, are connected then they tend
to corrode the one highest in the list.

Influence of elements as discussed in the preceeding
paragraphs is of relatively minor significance when compared vith
factors external to the metal itself. The various extemrnql
factors and their influence oiér the corroding action‘is given
in the following paragraphg? - | ‘ A ~‘

3.71. OXYOE - Walker (44) and Speller (46) have proved
experimentally that corrosion in natural'waters 1s:usually pro-
portional to the dissolved oxygen content. Soil waters carry
sufficient oxygen to support the orrosion reactions under ground.
Corrosion in non-oxidizing acids is also sccelerated by ‘the
presence of oxygen, Aeratgd_aqd alkali sdlutions are generally
much more corrosive. Thévébove facts are appliceble for both |
ferrous and non-ferrous metals. In generaiﬁ thé totél soiubilityl
of gaseous oxygen is greater in a cold than a héb séluﬁi?n. It_is‘
greater in pure water than water“cgnQainiqg diasolvéd sﬁhstancass;
At a definit temp it is directly proportibnal Eo_th? préssuxe;
Since the grounduvaper 1g_generally cold gnd 1guunder pressure,
the emount of wxypom oxygén diséqlved'will‘obviouslyibe‘ﬁore and

therefore enhanced rate of corrosion,

[

The temperature, on the

vhole, has a marked effect on the corroslon rate. The accelera-
ting effeet of tempersture on corrosion in vater 1s ghowm in

£12.(3.72). In acld solutions, temperaturse also has a marked
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accelerating effect. The ground water temperature vary from'
place to place and therefore the problem of corrosion must be

i1exam1nea by actual site conditions (52).

- 3.73, ;gzgggggg_ggm_gggglzg4 1f motion of the corroding

salutian is 1ncreased, the rate of corrosion is also increased

becauge ;t causes more oxygen to be brought to the'gurfaoe of the
‘metal. Motion also tends to thin the 1iquid film on the metal

_  sﬁr£§oe §nd;tpus reduceé the‘distanee.through vhich the dissodved

oxygen must diffuse, Efrect of velocity on the initial rate of

corros&on in a 1/2" steel pipe carrying tap water 1s shown 1n

| fig (3.73). |

.3,74: Roethell and Brown found that at a certain high velo=-
- eity (not}atatgd‘) the corrosion rate reaches a maximum and then
decreases; beceuse of the formation of a more resistant gelatinous
layer of férric hydroxide, At still higher velocitles the rate
aggin.1ncreases,iapparently because of erosion. Turbulant flow in

pipes increases corrosion very much.

3,76, From para 3,73 end 3.74,Iit is éiegr that velocity
of flow of water into the well should be képt as low as possible
to obtain maximum'life of the well screens.' Also the velocity
of axial flow should not be high in the casing. |

3.75.

) G [ GASES: They tend to decrease
corrosion as they displace oxygen according to theory of partial

pressures,

3.76. -gggggn_ggggxgggi Free carbon diuokide in the amount
usually found in natural water, 4is not in itself a factor of much

importance., Carhon di-oxide acts like an aclid and, by increasing
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the acidity of the solution, accelerates the rate of corrosion.
The carbon di-oxide solution easily dissoves the caerbonates of
calcium end manesium, The amount of carbon di-oxide vill deter-
mine whether the carbonates which commonly form an important cons~
tituent.of the protective coatings deposited from water_will tend
to dissolve or precipitate. In the former case any protective
coating vhich exist may be removed, and in the latter a protec-
tive coating may be built up.

3.77 HYDROGEN SULPHIDE:- Hydrogen Sulphide gas vhen
present in groﬁnd water makes the water acidic and causes rapid
corrosion. It attachs most copper base alloys and produces copper
sulphide thch is insoluble and may be deposited in the openings
of well screens, Thus‘metal of the screen is eaten away by the
corrosive element and thehprnducts of coriosion are deposited in

the sereen openings causing incrustation at the same time.

3.78

: j 7 Rz~ Besides the above
gases, many salts and mineragls are dissolved in ground water as
it trickles down the different stratas of earth, Salts like Pota~
ssium Chloride, Potassium Sulphate and Potasspum nitrate increase
the rate of corrosion. Selts like zine-sulphate, Sodium=-corbonate,
Sodlium-phosphate, etc. diminishes the rate of corrosion and in

some cases may even stop it.

3.79 EN = Certain primitive twing
orgenisms in contact with meta154in£1uénce the rate of metallic
corrosion. Iron bacteria deposite water compounds in the system
and thus clog the pipe and increases the friction factor, increa-
sing the pumping cost and loss of head in the screens. Aerobic

micro~organism readily dovelopes when the concemtration of free



or dissolved oxygen is high, wvhereas the anaerobic bacteria

developes vwhen the dissolved oxygen is very less or nil.

AxBe  3.80 INFLUENCE OF pH VAIUE: The pi value is generally
controlled by the amount of dissolved carbon-di-oxide and dissol~
 ved carbonates and bi-cerbonates of the mineral salts., A p? Valne,v
of 7 indicates a neutral solutipn. A pH Valuevless'than 7 indicates
an acid condition vhile value more than 7 indicates an alkaline
Bolution. When pK 18 below 4.5 (28), a freg mineral acidity is
present, In an alkaline solution the corrosion 15‘1ncreased with
increase of pH value., The lowest corrosion rate has been found to

occur around pH = 7,

3.81 gPECIFIC CONWUCTANCE~ It is the ability of a substance
to conduct an electric current. Waters with relatively high speci-
fic cqnductanqe can cause corrosion of iron andAsteel even though
.other properties may indicate othefwise. Sinee specific conductance
reflects the activity of electrically charged lons in water, it
follows that higher the conductiviity the greater is the rate of
electro~chemical actlon. The specific conductance of ground waters
increases directly with the amount of dissolved minerals in it.

The water may be alkaline-charscteristic not usually associated
with severe corrosion, out, if the conductivity is high, there
may appear severe corrosion (46). Estimates of dissolved solids

can very conveniently be made by meaguring the conductivity.

3,82 CAVITATION EROSION:= It is generally found in tho
suction side of pump impellers in the tube~wells. It is baused by
the formation and sudden collapse of vapour filled cevities by
sudden changeAin pressure. Coilapée of a bubble against a solid

surface produces pitting which is charascterised by having a sharp



Holes in well cesings develored due
to pitting 2nd corrosion.
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granular outline free from corrosion products. The dynamic rapid
impact of the fluid mekes the metal surface free from natural
protective films, causes localised corrosion, fatigue and accele-

ration ofvdepolarisation (48,;49,‘50).

3,83 | QEZ;E;FLQATLQBa;CUin this type of corrosion, one or
more metéls~of the alloy areyéhanged or removed, leaving it in a
solft spongy conditien. Thié;type Ver commonly occurs in well
screens manufactuted out of brasses with a high zine content and.
in steels and 1ron with a high carpon percentage and when theso
metals are used in'conjuncticn with metals of a higher type. In
this pr‘césé one métal of an alloy 1s removed due to electro-che-
mical 61fference in potentigl botween the metals in the alloy.The
failure of the screen is generally sudden.

/é;/.a.SQ DIRECT CORROSION2- In screens of wells results in
pven uniform destruction or less of metal over the entire screen
;/surface. Tpe gcreen openings are enlarged end the metal reduces
in thickness. The screens themselves remain intact until they
_collapse ﬂ&e to loss of strength or enlarged openings leads to

exces sive .s;iml Adiechar %

U L10 C _ AS
.%é{,xggnggggg_ As has been pointed out in the preceding
4 I

discussiodax that composition of iron and steel within ordinary
rang?/oﬂ Vayiaxion as found in commercial products has little
effaet up?n the rate of corrosion of iron and steel continuously
submerge%¥1§ water. Special alloy steels have been developed
which are  qdrrosion rosistant, But these are very costly. Out aim
must, hozéver, be to have materials which could withstand the

grounB water corrosion action ot loast for sbout 50 ycars. Cortain

mn+hnAq ta “dmnrave unnn ha 14fa af materiala used on wells aro
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discussed in the following paragraphs.

3.86 In tube~wells, methods of prevention of corrosion
-hageto be applied both on well sereens as well as on easing pipes.
The conditions of corrosien in the 1nside and outslde surraces

-of pipes and screens are different.

'/3;87 The inside surface of casing and screen of a well is
alwa&s 1mmérsed“in‘water.‘rhereforé, the oxygen concentration,
'temperature,'velocity of motion of liquid, film formation, dis=-
similar metals in bontact, the hydrogen ion concentration, ete.,
are more important and usually determine the corrosion rate. The
supply of oxygen is limited and therefore the rate of corrosion

is slowed down considerably due to this factor alone.

3,90 The corrosion behavious on outside surface of the
bipé 1s more complex. The outside surface is always in contact
with difrerent types of ground stratas and as such both the chemi~
cal and physical properties of soil are important. Significant
properties of a soil include, its perosity, its power of absorp-
tion on metal surface, its conductivity, the contact effect pro-

- duced by dissimilar solid constituents vwhich it may contain, the
dissolved matter and variation in cqnpentration’df the substances
in solution. The soil stress is slso an important factor which
can damege the coatings on outside surface.

In gencral as alreasdy said that the corrosion of iron
is accelerated locally vhen in contact with brass, copper, monel
metal, or 6therAmater1als cathodic to iron in a solution of good
conductivity. Tong marks on pipes and screens‘remove mill scale
and due to internal strain produced by the cold deformation,

those marks corrode more fast and must be carefully avoided dﬁring.

h PR 2 I S
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PROIECTION CF INSIDE SUBFACES
3.91 The inside surface of pipes can be protected by arti-

ficial protective coatings., A thoroughly cleaned surface, free
from loose scale and foreigh matter, is slways essential for a

gatisfactory coating.

3.92 PAINTS:~ P;ints‘are’not at all satisfactory for under-
water treatment. The best non-corrosive paints can protect the
surface for faw'years only, bhergas the tubefweii requirement is

for about 30 to 40 years or more.

- 3.93 ,mgrﬁ;g;g_qﬁgr;gaggu ‘?he best known metel coating for
iron and steel is Zine applxed by hot dip process. Bonilla (51)
reported #haﬁ’afherﬁlag‘year of axpesure‘in water the galvanised
Pipe had pitted less than blaqk iron pipe.

3,94 cgggﬂg LINING OF PIPES: Cemént lining of pipes hag
prdved to be one of the best prbtective coating against corrosion
of steel. The pipes so.protected have giéen satisfactory service
for €0 years and more (62), Improvements in cements and methods
of applicatioﬁ has made it possible for its application in more
severe corrosive conditions. Uptil now, this process has been
used mainly:%ater supply mains and at few places on wells also
with satisfactory'restlts {13). Author believes that this process
can equally be well applied for preventing correcsion in tube-well

casing pipes and therefore needs further investigations, -

3.95 They ineclude refined coal tar

pitch, natural asphalts and agphalts magnufactured from blown oils.
Plasticised coal=tar enamels made under A,W.W.A. sﬁecificationa

7 -8 ~5 ond7-A-6, 1940, when epplied not less than 1/16"
 thick to the interior of pipe while it is revolving provide a
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in Coolgardie water 1line showed an average deterioration of 0.01°
per year‘bVBr a period of 12 years (53). These coatings have
proved helpful in many cases (22).

U (o

&

- 3,96°7 On the outsige surface of the pipe, contact betveen
dissimilar metals}‘such as copper andliron; should be avoided. This
construction often gives rise to accelerated corrosion of the iron
at the junction and causes the copper metal to drop out, 'If it is
. necessary to have such constructions, then insulating couplings

must be adopted (54),

-+ 3.97  An extreme variation in the 1life of pipe exposed to
underground soils.hanbeen observed. In some cases, there was no
effect on pipes even after 40 years of service and in some other
cases pipes were eaten away within 3 to 5 years. Considering the
variable character of soil corrosion, the engineer should choose

the type of prevention which would be more effective'and economical,

3. .98 azzguzugmgmggazlﬂﬁaw, Generally 8peak1ne, in gravel,

sand or sandy loam, no protective coating is required or at the
most a single reinforced bituminous coating will be satisfactory.
But the coating should be at least 1/8" thick and should be cover=
ed with a rigid and durable shield of other suitable material to
resist distortion, In any case the layer of bitumen next to tho
metal should be relatively soft to prevent eracks extending to the
metal,

3.99 L ATINGS2~ The pipe should be hot galvanizod
with not less than 2 oz, of Zine per nm square foot of coated sur-

face and be further protected egainst strates vhere the conditions
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w111l be severe, Threaded joints of pipes should receivo special
attention in coating. Metalllc coating is useful only vhen the
soll is uk slightly corrosive., Zine coatings corrode rapidly
either in alkaline or acid soils.

However, nén;metaliic QOatings’hQVB been found to be more

durable, 50 to 70 years, and are economical too.

3.100  RE-INFORCED BITUMINOUS COATINGS:~ Bituminous matexm-

.rials are widely ﬁsed for coating metals for under ground use.
These cbatings include refined ccal?tarvpitch, natural asphalts,
and artiffcisl blown asphalts manufactured from certain kinds
of residium oil.

3,102 It 18, however, advantageous to reinforce bituminous
coatings in such a way as greatly to improve thelr resistance to
abrasion and corrosion'for a much longer life. To accomplish this
‘the primed_pipe can be coated with hot enamel and spirally wrapped
.yith substantial fabric saturated with a water proofing bituminous
'mixture, The fabric may éonsists of saturated felted material.
Recently fibre glass fabric has come in the market for re-infor-

¢ing pipe coatings.
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3.103 - In all the wnlla constructod so far, 6% H.I.Pipe
wvag ugod as Casing Pipe in the constructian of tubo~ells and
practically no protective coating ‘was provided. 8ince the urought
1ron io very mnch corroaive in ground wator, this typo of construc-
tion is naturally most nnsatisfactory for a long life. The life of
o state tubeuwell has been taken as 50,000 hrs approx. and the wells
run fos sbout 4,300 Hrs. 1n a yoar. Thus the lifa workns out roughly
to be 1l years, Due to thia nnticipated short 1ife, no protective
measurentmi, perhaps, are being taken.' But if we want to increase
the life of a well to_SQ‘yegrs,_protective measures have to bo
proy;dediggainst~cp:rgsion of pipés,to keeﬁ\tﬁem servicéabla for
such a long life, v | | | |

3,104 .The above discussed methods for prevention of corro-
gion can not be applied to secreens due to perforations and, thore-
fore, ve have to go for high corrosion repsisting alloys which arc
quite costly. considerationa of heavy costs asgoclated with the
failure of the corroded n ncreanc naturally Justify the employment
of these high priced screens because 1n the long run they arc quite
choeap (reter'appepdix a).

3,106 The most oxtensively usod agricultural strainer for
Btate Wells, vhich is a tri-motallic construction 1.e. of stecl
pPipo, copper moesh ghoet and soldoring tin is tho most unpatisfoc~-
tory combination from the point of view of corrosion (rofer Pura
and f193-105Y
3,80 ond 3.96), Jge metal of TeJ Strainers and that of W.I.Slotted
pipes will also give Very poor performance. For best rosults tho
vell scroen as far as possible should be of single material and

gshould have welded joints,

- ans [ W . e M M e LAl L inee Mnnea AmienVNawmBl aemn



FIG. _3.105 : Jorroded rerforasted tubes of tuvewell
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found to be most affective against corrosion in all kings of
solls, ground waters, pressures, etc, are listed belowsz=
l. Momel Metals (Approx 708 Nickel- 30% Copper)
2. S-uper Wickel(Approx 30§ Nickel- 708 Copper)
3. Ever-dur Metal (Copper 96%~.Silicon 3%~ Manganese 1f)
% 4. BStainless steel (under pessive condition-Low carbon
steel 74% ~Chromium 18% - Nichel 8ff)
5. 8ilicon Red Brass (Cdpper 83%~ Zinc 167 - silicon 19)
8. Anaéonda Red Brass (Copper 853 -Zinc 15%)
7. Iron(99.5% and over pure) |
8. Stainless steel (under active conditiong)
9. Low Carbon steel.
10. Ordinary cast iron.

3.107 BIAINLESS STEELi~ 8Since the stainless steel is
non=-corrosive as long as it has got a film of oxygen, it 1s bost
sulted in places where oxygen i1g presont in more than ordinary
amount. The stainless stecl also have high modulus of elaaticity
which 1s a desirable property of slender, cylindrical structuro,

3.108 EVERDUR METAL:~ 1t contains no zinc and is,
therefore, more anti-corrosive than any other brass-alloy. Due
to prosence of manganese and silicon, 4t has more tensile strength

and weldable quality.

3.109 POLYTHYI.ENF,_STEEL:- The most recent development

for anti-corrosive well screen is the introduction of a new high
quality plastic material, polythylene, the & properties of which
make it a stmple ideal protective agent'for gereen against
corrosion. Polythylcne ig a paraffin of a tough leathor likes

rharantars and haa AvanaTlant sand abanam avadnndt Ahamd anTl 4 nPlaannnn



«06~

The novw plastic material has gained outstanding importance and
theoy ere novw being uidely used in Germany ( 55 R, on account of
their cheapness in comparison,to copper, Bronze or Stainless
stbols, Now a days the Imperial Chemicel Industries of Indla
have also 1ntro&uced vhat 1svknbwn as alkathene ‘pipe and they
¢laim it to be a good substitute for pipea and ‘screeng, But i-t
has not been tried 80 far on the State Wells.

3.110  CATHODIC FROTEGTION:~ The cathodic protection
counteracts the corroding effects of the curront flowing from the

metel guface of the local anodes. In this process a galvanic
coll is formed by making a good connection in betwéeh cast or
extruded anodes made of special magnasium alloys and the metallic
ocreen to be protected. The protective current flowing from the
anode through the elcctrolyte to tho cathode has a dircetion
reverse to the local corrosion cﬁrren;s_emerging from the local
anodes to the purface to be protected and thus fully conmpensate
the locsal ourrents. This method of ptoteation han become very
popular in U.8. A and Germany during the laot 5 or 6 years. (85).
But this method ia quite dolicate and calls for the gorviceg of
an experiencod engineer. ’ B
3.111 gggzggngg;_ It vill be tho ideal thing if the
geroon and the casing pipe for a voll would have beon of the game
naterial. But 31necthe cost of tho gereen material is very high
ag no protective coating can be provided on it, the pipe and
tho gereen must necessarily be of different materials from the
point of economy and wastem. This situation results in the
accolcpated corrogsion at joints, Therefore to provent oorrd-

sion opecial ingulated couplings must be omployed'at jointa.
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3.112 We thus see that choice of right materisl for n
well screens calls for an exact gtudy about the dissolved subs -
tances in the ground water and of (1) pH valuo(2) Specific
conductance (3) dissolved oxygen.Material should be selected on
the result of such gtudies. |

L 3=
3,113  Incrustation is defined as clogging or stoppage
of a well screon including the water béaring formation surroun=
_ ding 1t, which ip the result of deposition of materials in,on,
and around the openings of the screen and the voids in the water

bearing formation in which the scroen is placed,

3.114 The causes of screcn incrustation in order of
their occurence ares-
(1) Due to precipitstion of materials carried
upto screen in solution by the water being pumped
such as the carbonates of calcium and magnesium.
(11) Inorustation due to deposition of mateorials
carried upto the acreen in suspension by the water
being pumped such aé cleys, siltsqomiea,alluvium,
ete. : |
(111) Stoppage ade to Iron bacteria.
The incrustation problem belongé to class I above
The Chief incrustating agent is calcium carbonate,; though in =
small quantity, but it is usually thé cementing agent.

3.115 The capacity of water to absorb carbon-di-oxide
depends upon its temperature and pressure. The colder the

vater and greaster the pressure, more gas tho wafjer will abstract
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absorb and hold ¢orobon~di~oxide absorbs a considerable amount
of calcium carbonate and other incrustating materials.

3.116 then the pumping is commenced the water level in
the well and in the formation drops. This creates the pressure
difference. The pressure in the entire ares is also reduced as
velocity head and friction are set up when the water 1is sget
in motion. Due to lowering of pressure carbon di~-oxide from
the vater 1s released and the salts are also precipitated and
are déposited vhere the reduction in pressure is meximum which is

obviously on and around the oponings of well screen.

3,117 PREVENTION OF INCRUSTATION IN WELL SCREENS i~ From
the cause, it is obvious that it can only be minimised by redu-
cling pressure difference on the screen openings. To meet this
objective wo musﬁ (a) select a screen which will permit water
to enter into the well with least resistance at screen openings
and (b) reduce the pumping rato by_inereasing the period of
pumping. Failure due to 1ncrustatio§:?;11ure due to corrosion
is indicated by a gradual decline of pumping level accompained

by a fall in capsacity.

3.118 incrustation is generally of two types. Hard type
known as sulphate type requires more strenuous treatment vhereas
the gsofter type or carbonate type of incrugtation varies from
a light fluff)y~like doposit to a sticky, pasty sludge and ig

caslily removed,

3.119 There are several methods for reclaiming an inerus-
tated screen such as compressed alr, weter or gas, and dry ice,

but the acid trocatment is most popular and effective gmong all.

.
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3.120 ACID TREATMENT:- The single acid treatment of well
is done by hydro-chloric acid. Generally 28% acid is widely
used. ’The acid is poured into the well with the help of a pipe
which must extend a feet or two less than the screen depth. The
acid is heavier than water but it quickly mixes with it. The
acid is allowed to remain in the screen from one to two hours
and then stirred with the pipe. Thus outside weaker acid is
:eplaced by strong acid. It is then allowed to stand for at
least an hour and then‘stirred again. Thisvprocess is fepeated
for 8 to 12 hrs. The well is then surged with a sol1d bldck for
a few minutes to break loose any incrustation and force the
remeining acid out in the formation. It is then allowed to stand
for sbout 3 to 4 hrs. and agaln surged hegvily for a short time

and then cleared out.

It is used in places wvhere
the formation is high in organic and clayey materials. The
general procedure 1s the same ag that of single acid treatment
except that sulphuric aeld i1s used after one application of
hydranhloric acid. Heat of reaction and gases produced brealk
down the organic and clayey materials. After the work is
completed, it should be ensured by litmus paper that there are

no traces of acid left in the water.

3. 122 DRY JCE TREATMERI3= Dry ice is nothihg but carbon
di-oxide gas compressed into solid form. The golid gas quickly

changes from solid state to gaseous state gonerating considerable
pressure in the well vhon mixing with water takes place. The
rapidly expanding gas forces out from the screen and in this vay

loosen the clogging material. A-bout 20 to 50 lbs of dry ice



is required to do the job., There must be ghout 11 1lbs, of water
for every 1 1b, of dry ice used otherwige the water of the well
may freese., Dry ice works better in deep wekls with a considerable
depth of water.(10)

3,123 AIR_TREATMENT te Ai:‘gndar pressure is suddenly
discharged into the well, . Shock and difference in pressure loo-
seng the accumulation on the screen, Thls method is useful if

the clogging material 1s soft and is not recommended for hard

type of lncrustation.



DESIGN CRITERIA FOR OPTIMUM DIMENSION
OF SCREEN.

————



3.124 ‘Ka 5tated previbusly the well screen is the most
inportant component of'a well étruétﬁre snd npon i§ depends the
losses, yield, efticiency.aﬁd ultimately”the pumping economy.vlt
1s, therefore, very important that its dimensions are designed
carefﬁllyvso as to kéepilossas lov end the efficieneyvhigh,with
ninimum éost.a | |

3,126 = WYELL DIAMETER: From eduations (26) 1t will be seen
that dischargo- - |
| o QK
and also Q‘s:%%h**7§;7§
. Cg Y
8,126  For a particular formatlon, the value of K can not

be altered, Also from table below it will be found that with
substantial changes cither in X, or Xy the discharge Q changes

very slowly. The values of i are as below which
log(Xo/ X1y
show that its value does not alter much:
r.‘==.====:====:========m:za::m:======:.-az:t:c::::::zz::z:::a::::::z:z:z::::::::
| WELL DIAMETER = Xy
in feet. 4 in. 8 im, 12 in. 24 in., |
SSgmomtEms e Pttt et b o de i bt ZmmooINssDEngTEs bt 3~
500 0.28 0.31 0,33 0.37
1000 0.26 0.28 0.30 ~ 0.33
2000 0,24 0.26 0.27 0.30

- - - — - — - -
R S R S S S R S RSN SonERSEEsNRRISssEIRa s

3,127 A relation obtained by Bennison (10) between diame~
ter of the well and the discharge is shown in fig.(3.127). All
conditions being idéntical, a 6" well yielding 33,000 g.p.h. at
18' dopression will yleld 41,000 n g.p.h. only i.e, about 23%
more'only ;f the diasmeter is incroased to 12". If the diameter
is further 1ncréased to 48" in.,the incrcasec in yield will bo
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cbout 40% more i.e. 46,000 g.p.h. approx. Therefore the suitgble
choice of the diameter should be such as it will make the forma-
tion yield available.. -

| 3 128 ARG: LTV Before finally gelecting the
dimention of diameter, oonaiﬁerations of the velocity allowea
through the tOp of the tuba to abtain certain discharge pust be

taken into account. For pumps, most designers choose a velocity
from & fest to 15 feet per second, The loﬁéé-the velocity, the.
bigger will be the diameter of tubc. The cost of pipe increases
very rapldly with the increase of dlameter. On the other hand |
the friction losnes incroase very much vith the increase of velo-
city if the diemeter is reduced (refer to para 2 87) uhich will
1ncrease the operative cost. Therafnre, considering all these
aspects and_the erosion problem, a Velocity of 8 to 10 r.p.s.(;s,
27) 1s taken as to belsatisfactory in design 6r”ﬁeii'diameters;

3,120 If Q is the discherge in c.f.s. of the well, then

cross~sectionél area of tube required in sq.ft. is-
A= g

Whéré V = Velocity in fts per sec. o ,
From these calculationa, negrest possible cholce of the diameter
of a commercial pipe is made. For example for a discharge of
33,@60 g.pshs the area of cross-soction of the pipe, taking axial
veloclity of flow to be 8 f.p.s. will be

A= é%g99.5;39~éé§ = 26.4 8q. in
60.4 x 8

S D= 5.8 in. (Say 6 inches.)

3,130  Join (27) qstabliahed an empiriaal-?e;ation for
calcﬁiating,the‘diametér‘of the well, His formula was

—_—- a — -
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or it can be sald that Q o D2
But this is not true (refer para 3.127) and the calculations
based on this formula will lead to wrong results.

3,131 If theuaziaIVVelocity of Rlow is kept constant
through out the tube, then the diameter of the pipe should go
on decreasing from top towards bottom, because the discharge
from differant»stratas of the well goes on adding as the water
travels up-wards. It is obvious that stepping down of the radius
of vell screen and the casing pipe will reduce the cost of the
structure, But for each step a reducing socket has to be pro-
vided which in turn will increase the cost. One or two steps
may be economical and the cost should be worked out from actual
price for each case, No such practice however is being followed
at present on state wells.

SCREEN LENGTH

3,132 Many relations from theoretical considerations have
been formulated to find out the length of the screen but the
results sometimes do not telly in actually practice for the
reasons that there are several variables in the formula which
must be dotermined very accurately to arrive at correct and

definite conclusion.

3.133 The screen length, however, must be chosen ccrrectly.
If 1t 4s too long, the h cost of the well is increased un~ne¢essa~
rily. In case it extends sbove the pumping level then besides
wgter it comes in contact with air and thus the rete of corrosion
and incrustation is inereased which will cause the screen to fall
more rapidly. If the length 1s too short; then the yield from the
vell may not be satisfactory.



deduced the following formula for'disaharge from'a well,
| . Q=2RLP 4 logx | =(48)
ghere L = iength of straingré._é = depresSion
:' X = radius of strainer and |

'P"z rato of percelation of water.

Also we have Q= 4ax V. |

| = Nxxaxv - -{49)
Frum eqnations (48) and{49) vwe get

2
L=Y .. X ,ig.__
2 Pd og X

If V and 4 are constents, then the factor _V _ will be
constant -sey K1 since for a particular ares thgpgate.of perco=
lation ig constant, The strainer length can now be expressed
as L= K1 Tx_gg meme memme wemnea(50)
If xﬁ B B tha veluo of L will bocome infinite and negative.
Therefore for all real and finite values of L, the value of X
must be greater than one. (X7 1). |
For finding the minimum sereen length, difrerentiating equation
(50) and equating it to zero we get~

X= of = 1.646
uubstituting in (80) the minimnm.length

Limin) = K‘IEE“@# = 2 Klo. ewe- (B1)

3,135 To determine the minimum length of the screen, a
correct valuation of P is necessary. Nature of sub-goll strata
changesvfrom plgce to place and, therefore, the value of P will
also change from place to placo. But, if, data is collected on
o sufficiontly large number of wells, average veluo of P can bo
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oscertained by standard statisticel practices for the area and

used for designing a new well.

8x%3 3.136 CALCULAT

The expression

for discharge Q from a unconfined well (refer para 2.34) can be
arranged in the following manner (23).

q=KM2wx X (L% dehl) weeea (62)
where d = depression 1nside the well and hl is the depression
at s distance X from the axis of the well and,, Other notations
have the usual meaning. Asaumﬁtiona made are the same as dis-~
cussed in para 2.32. ""' 8

Assuming Q to be constant and integrating eguation
(62) within the limits X = X, and X = Xoy the expression for

discharge becomes

Q= d
log iXb/XwS

3. 53? - In the gbove cquatian there are two uncertain factors
K and Xb which are extremely dirfioult to bc determined corroctly. -
Value of K may vary widely for the surrounding so1l and the radious
of influenee is theoretically 1nfin1te. Practically the value of
Xo may vary 500 feet to 2000 feet and in some cases sven to 3000
feet (10) . | |

3.138 Apart from theoretical considerations there are
certain important factors mentioned belew wvhich ;nrluenge tﬁe
choice of scroen lengthie

1. Slot open area pér‘foot of screen.
2. Physical and hydraulic chnracteristics of formation.
3. Cost of screon.

4, Desired yicld from the ﬁéll.

Mun csalnantdan Al aavnan 46 samntallv A oarmramt an
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bqtveen cost and hydraulics of secreen structure. :

IR .
| 3.139 A:« The screon

: shou1d=bejsuch thate-

{a) 1t giveS‘a minimum entrénceulbsBQS'by providing
maximum open ares, | o

(v) gt muﬁt aonform to the needs of the formation.

| . Quest;on na;urally ariseslas to what can be considered

‘surficzeht‘open area in a well screen. The slot opening 18 fixod

by formation and therefore the length must be fixed by the con~

siderations of ontrance losses.

3.140 Beaniopn,letcf_tg.lpj recommended a velocity of 0.10
to_0,25 f.p,s; for 1ncurriﬁg mihimum 105369. However, a velocity
of 0,10 f;p.s.(ll) has.beep found to be a good basis for well
design. A faetér of safety of ébout'zo to 258 in excess of tho
calcﬁlated.screen.length must also be made to allow the adverse -
'cffécts of.gradn51 reducp1on of screen opening by mineral dopo-
‘s8ition over g pariod of,yeara or Qlogging by sand.

. 3 141 Fcr example let a well be required to pump 33000

B p.h. (1.5 cusecs approx.) of water from a well Taking design
ve;og;ty‘for_flow of water into the screen to be 0.1 f.p.s.,a
scroon having 1,5/0.1 = 16 sd.ft.of!opepvgrea'will‘be required.
Allowing 208 excess for inerustation etc.,the screen bpen arca
should be 18 sft. or 2592 sq.in. Suppose that formation permits
slot opening of 0,02 1n. ¢g1y. Seleeting 6 in, @eofiur diametor
‘@refér para é,lzg)ugont;nuqus-slqt_weil sereen for the desired
opening vhich has 39 sq.in. of open area per foot of length, the
sereen length will be 2602/39 = 66 ft. Allowing for alogging, tho
sereoen lensth will be 80f. If n acroen of difforent dosirn is
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chogen which has got'lcsser open area per foot of length, then
in order to keep the veolocity down to the value 0.1 f.p.s., the
length of the screen will have to be increased accordingly to
obtain the same discharge. |

3,142 While ealculating the screen length in the ghove para,
only the hydraulic chargacteristics of the well screen were consi-
dered and the characteristics of the formations were ignored
excopt that the slot opening to fit the sand grading. It was also
assumed that water bearing sand formation.will yicld the assumod
quantity of water, The influence of other characteristics of

formation are discussed in para 3.147.

3.343 INFLUENCE OF DRAW~DOYN ON SCRERN LERGTH:
nquation (27) can be written as

Q=7~K ggg-hyigho + g§n
| log (Xo/Xy
£ the depression ho « hw i1s very small then the

gbove cquation can be‘arrangedaasz

Q=KrEK ho(how -—— (83)
og (Xo/Ky )
which shows that
Q< ho
< ho=hw

v g

3.144 But as g metter of fact Q 1s not directly proportional
to drawedown i,e.( ho « hw). For small values of draw-down the
direct frapertiohality exista. then (ho~hy) becomes a considerable
proportion of ho then the proportionality no longer oxlsts and

follows a curve. A curve (10) showing the rolation of per cent

rolative yiecld to per cent drav-down for confined and unconfinod
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that for unconfined aduifer, the departure from proportionclity
starts at about 308 dravedown. Similar results (fig. 2.38) were
obtained by Rora bough (86). For artesian equifor, the relation
follovws an axmost straight line. |

‘;3,145 While choosing the screen length, the conditions for
available drav doun are that - .
{(e) Bcreen must not be exposed te air
(b) Maximum specific capacity is obtained from the
woll. . , , ‘ D
3.146 From oxperionco it has been found that 508 draw down
is quite satisfactory. Prom the graph (3.144) 1t can be inter-
prested that in a well of 100 ft. of static water depth, a 508
drav-down will extract nearly 76% of the maximum yield of the
vell vhile still 508 of the water depth is left for installing
the screen and only 247 is left in quantity of water if 1008
drgy~down vas cregted, If the formation i1s such that sufficient
area could be provided in a.still smaller length to keep the
velocity at 0.1 f.p.s. through the sereeﬁ,.more draw-down with
moye yield can be achioved, but it will increase the cost of
pumping more with lesa'adVanfaéé of yield. Thus‘for best design
of screen length, the product of dr%mvdoén ahd the specific
capacity should be maximum. |

times tho calculations basod on open area for sereen becomes in-
sufficient vhen the formation®s physical cheracteristics i,e.
static vater depth, thickness éf aquifér, arrangement of fine
and coarse layers-oflsand are taken ihtd'accéunt. Algo the
choice of best screen length differs for confined and unconfined

aquifer conditiona.



unconfined aquifer from considerations as discussed in para 3 146
and because the draw~down caused by pumping unuators the upper
part of the unconfined water baaring formation in the vicinity
of well, the sereen 1ength seldcm exceeds 508 of the saturatea
depth.w But for a confined aquirer where the. sand is more Or less
of the same grading from top to bottom, screen length as to take
about 70 to 80 per cent of the thickness of formation can be
provided (11).

ATION:~ Vhen the formaa

tion is not of the same grading throughout the depth then a care-
ful judgement is required for choosing the right acreon length.
As a rule (1) the séraen.must.bevlang énaugh to ﬁakp in fhe_ﬁajor
pdition of the mﬁst‘pérméable strata penetréted by the wéil'and
(2) each section of the sereen must have the right size of the
slot opening to permit proper developmant of each level. Seme
uaeful practical prcpaaiticns for determining the correct 1ength'
of a screen in different types of formationa are given below i~
1. When the coaerser part of ﬁhe formation is of con-
“ siderable thickness, finer stratum above need not
be acreened. | ' |
I1. When coarser part of the formation is thin, then
its entire thickness must be tappod and the screen
must extend well up into the finer material above.
I1I.then coarser material is sbove fine sand, both
stratas must be screenod to. get maximum yield.
IV. Alternate layers of coarse and fine sand require

screen long enough to pick up flow from best strata.

3.160 EMPYRICAL RELATIONS:- Jein (27) suggested tho follow-
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ihg ompiriéal relation to determine approximately the strginer
length'for a well-

IBEK~D
where L = length of strainer in feet.

.Q = Discharge 1n.gallons per hour at approx.ls ft.
depression.
;,K = 'Characteristic discharge per aq ft per ft. of
| depression.
D = diameter of tube-well pipe.l |
Ihe value of K in this formula has to be determined
for different places by actual observationsg,For the Western
region of U.P. the value of K ranges from 8 to 12.
| For example, in order to get a discharge of 33,000
| g.p.h, from a wel;vhav1ng 7 in, overall dia well screen, the
strainer length L i1l be- -
| L= 33000 = 100 ft.
18 x 10 x 22 xi% :

7
3.1561 From discussions of peras 3.124 to 3.149, it will be

seen that the design of dimensions of a screen are influenced by

(1)_the hydrau;ié character;stic of sereén structure to g1ve

‘minimum losﬁ and (2) the characteristies of formation to give

. the reguiréd yield, The cholice of dimensions should,therefore,bo

" made on the rollowingllinesz- : o

I, The diameter of the screen should be selected from

the consideration of permissible velocity of dis-
charge of water from the well (rgfér para 3.125
to 3. 130) | | _

- II. To keep the gereen losses at minimum, velocity
of rlow into the screen should not be more than

0.1 ft./soc. (refer para 3.140).



-100~

III. The length of the screen should be caicuiated on

the basis of open area per square foot available
in a particular sereen,{para 3.140 and 8.141);
‘Formation characteristics should also be teken
into account (refer para 3.149} wh11é=select1ng |
the length. If the formation is such that it does
not permit a desired length of screen then either
a smaller discharge or an increased cost due to
incréase in diélhgs to be -accepted.

Ev. If the co~efficient of soreen G(refer parayg)‘ bo
known then in order to have minimum sereen loss a
compromise has to be made in between L and D to
keep the factor QL 6.

—— ggﬁugng_g§"§§3221,. On State wklls as revealed by
surveyireport-(appendix B) a screen length of about 100 ft. and
diametor of 6 in. was used almost in all cases. As the required
yield was 1.5 cusecs, the 6 in. diameter was provided to keep the
discharge veloclty within permissible 11mits (refer pera 3.129).
The open érea per foot 1ength of a screen having 0 116 in,opening
(this opening wes used on state wﬂlle, refer para 3.43) is 0.315
5. ft.(E?). To get a discharge of 1.5 cusecs, the length of
screen’ required will be ﬁlm;_“ 48‘ approx. '

Allowing 208 for clogging etc., the desired practicoble

length for a yleld of 1.8 cusecs = 48 x 120 = 58 f£t. SBay 60 ft.
100

| The calculations above show that the 100' length of the
strainer used on wells was quite excegsive in length and it should

. be chosen as detailed in para 3.152.



3.162 Tho type and shape of screen slots influences the
transmitting capacity, lee, p9rformanée and operation of wells
1n'any unconsoiidate§,rérmation. Thgy playlg‘very 1mpoftan#_part
in development work as somo forgat;dps can not'be developed at
all without jamming the secreen 6§ening§.yith gandor'else}alloﬂh
ing too'mﬁch sand to pass into the wali. it’is, theréfb&é, ééaen—
tial that a well screen has openings which will allow develop-
‘ment of the formation uﬁder any circumstanées without interrup~
tions., A ~

- '3.163 BSHAPE OF OPENIRG:= ©Shapo of screen opening should be
such that it produces a stream line flow, offers least resistanco
to flow and shduldrbe‘able.tq free itself qﬁicklylfrom'the_sgpd
paxticles'sgcked in with water. bhen a screen ié plaééd tgainot
a formatidn,.the gsand particles settle 1n_and’around it and ‘
parfia;ly.gloae the openings. Such blocking may be 1008 in case
of équaré,or circular Openingsfo about sgﬂ in the case of\’shap-
od openings (fig. 3.154 4), "A » ‘ o |

3.154 In s@uare or circular openings, the gand gréin héé'to
traﬁel the ent1re thickness of.ﬁge tube metal. The durat1on df
entangiémeﬁtvis more and there are great chances of clégging the
openings (fig, 3,1543), bpenianﬂélSp, should be rectangular
because the grain can not close a slot éompletély ag 1t makes
contact at two points only of the slot ﬁrig.é.1545).

3155 Further, it is desirsble that m slots should be of V
shape havingféhg narrov part of the slot next to formation and
the V broadening gradually inside. In this cagé sand grain has
to crosn~ohlylthe sharp outer_adga o: v_qpening and will be
pumped out Quiékly with vater. Tho chances of clogging are thus
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=moomssssssasssssmscosssossssses s ssress s s e e en e s s Ss S s o
SIOt’number. Gaugo Rumber. Slot number. Gauze number.
6 20 25 30
8 70 B )
10 0 50 TS
12 50 200 1/10 in.
18 40 126 , 1/8 in.

For exemple slot No.12 indicatos an opening of 12/1000 in.=0.012
in. Those screens at présent are not oasily available in Indian
market but thoy are being used oxtensively in foreoigh countries
(10, 11, 21).

3,169 Continuous slot screens have their erea more evenly
divided over the surface of the screen and responds to development
work magnificiently than any other type of screen because the sand
and gravel particles mostly "bridge"™ over the screen openings and

not the surface between the openings.

3,160 BRIDGE SLOTTED SCREENS: In this design, the material
of the pipe is only pressed to protrude to a certain extent,
thereby forming small bridges with lateral longitudinal slots.
Space between the underside of the protruded material and the
outer surface forms the slot opening which can be made of any sizo
to meet the requirements of the formation. This type of screen 3D
has become very popular and dominates now the field of well scroons
(56). |

3;161 The bridge slotted type of sgereen has got many advan~
tages over the sumple perforated scroensi=- |

1. The slots of any size can be producod than is possi-
ble with the simple slot perforations. The width of



the slots of the latter is always dependent on the
thickness of the wall,

II. The screcn is more rigid since the bridges are
placed on the outer surface of the tubes.

I11XI. The bridges offer greater resistance to compressive,
tensile and buckling stresses. .

IV. The slots formed by the bridge can not become =
cloggoed and therefore offers lov resistance to fluid
flow,. |

3.162 It is, therefore, rocommandod that such type of scroeons
1.e. continuous slot or bridge type may immediately be introduced
on state wolls. Though their initial cost is about 3-4 times
higher than the cost of agriculturael strainers, but thelr long
life, efficient behaviour, response to develoﬁment work and low
maintenance cost definifoly balances the initial high expenditure
in the long ruh (appondix A) and ultimately they become economical

and give far better 2 earofree service.

' 3.163  STRAINERSa- The idea of strainer originated from tho
needs of preventing sand infiltration into the well. Ordinarily
a strainer consists of a wire netted cloth wrapped round a pigndnox
peffdrgxed”or siottedﬁﬁtﬁoalvaout*aféfin:wxﬁlfz in. thick 4 to 6
numbers of steel flat bars are welded over-thp pipe\longitudinully
8o that the mesh does not come in dircct contoct with the pipe and
the mesh. Tho wire~mosh cloth is available in difforent sizos of
openings e.g. .01 in., .008 in., etc. and can be selected to matek
with the particular formation.

3.164 Since the strainer eloth is made of round wires, tho

slot formed by the wires of the strainer cloth resembles n V ghapo

oponing with broader side of V resting directly against the forma-
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tion vhich gradually docroascs towards the centre of the thiclmoss
of wire (£fig.3,164)D). Mechanicelly thls type of opening 18 a sand
catchor and clggging 1s therefore bound to occur. Also the very
congtruction of strgine;'dces not give straight and stream lined
possage rorjfch'of water and eddy currents are formed in the
annular space between the wire net andlth¢>perforated pipe. It
cauges conslderable friction and consequent loss of head at the

strainer entrance,

3,168 XEPES OF STRAINERS3 Out of many kinds of strainers,
Ashford, Brownlie, Esbes, Te] and agricultural types are in common

use in India,

3,166 ggggg_gm;ggg_gz_gggzgz_ Study of State vells spread
ovor a wide area revcaled that almost on all wells. agriculturnﬂal

typo of strainer was used and most of the well troublos arose from
the fanlty_behaviour of this strainer {appendix B). This type of
stralner wvas introduced some 3o.yearslbgck vhen the science of
Tubevells was hgt mucﬁ developed. It has, however, been found
that despite large scale troubles and failures, no redical modifi-
cation has been made uptilm now in the use of strainers and they

are still being used extensively on new wells as such.

3.167  As discuéaed in paras 3.90, 3.;&8, 3.163 and 3.164,
the agricultural strainer is much more attuned to (1) corrosion
(2) sand clogging and (3) give more head loss producing larger
depressaon.énd‘higher operational cost. As a matter of faet 1t is
out of date and is not at all satisfactory.

- Therefore immediate introduction of some officient and
durable screen on lines as suggested in para 3.162 is necossary

for better oconomy and longer 1life of State wells.
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greatly reducod (fig. 3.184 C) in this type.

3.156 gzgg;gzegggg;gg§3~ Many types of screen openings are
being used such as oquares, circles, ellipses,; crosses plain o
straight sided, rectangular shutters, etec.,;and the percentage
opening area vary with each type, Meximum opening is obtained

in a continuous slot screen.

Perforations of screeny, it is apparent, wesken the pipe
considerably, especially, if the metal being perforated. Also
fpold results have shown that vertical perforations if properly
spaced, have better performance (10), A better screen therefore
should have vertical type openings with V shape as shown in
Fig.(3.180 C) and should be of consigerable strength tJQQith~
stand the lateral pressure of formation and the weight of the

. casing sbove (refer section III of chopter III),

3.167 MK HMODERN EFFICIENT DESIGN

CONTINUOUS 810T_SCRERN 3

In this type of screen a narrow metallic ribbon is

wvoulld spirally round a skelotén structure of longitudinal rosds.
It has got a;l welded construction and non~clogging continuous
slots. It provides the meximum inlet capacity for water then any

other type of screen i.e. 1t has got the maximum open area thon

any other screen. A good continuous slot sereen has sufficiont

strength and ductility to vwithotand sudden twists (10).

3,18G Those ocreens are avaoilable in U.S.A. and continent
in a wide variety of slot sizes vwhich are designated in thousands
of an inch and are cquivalent to standard gauze numbers as shown

beloys~



3.168 ELECTION OF WELL SCREENSi1~ From the dis~

cussions of section I to V of chapter III, it will be seen that

selection of proper screen for a well 18 a tricky problem as it

incorporates many variables which are to be carefully dealt with.

Broadly spesking a good well screen must satisfy the following

requirementsie

I. It should provide the maximum amount of open area
consistent with its strength, loss, and grading and
thickness of the formation (refer para 3.32, 3.39, 3.4
3.47, 3.48 and 8.149). The draw down factor (refer
para 3,145) must also be taken into account.

II. For minimum head loss (1) a compromise should be
made in L and D so that the factor (CL > 6 (refer para
3.25) and (2) the veloqity of flow 12to the screen
should not be more than 0.1 £t./sec.

III. Openings should be of such design, shape and type
that 1t would m lend itself to the surging and develog
ment work (refer para 3.41, 3.163, 3.154) to bring the
sereen to ita maximum transmitting capacity and at the
seme time be free from clogging and sand discharge.

V type openings are most suited for this purpose.

IV. Metal of which the screen is constructed ghould
be such that it would not deteriorate by chemical
action of ground water and also by any of the acids
used in acid thkeating of écreens at later stages.,

( refer para 3.106, 3.120 to 3.122) It should be able
to give a shtisfactory service life of 40-50 years.

V. It should be strong enough to withstand the least
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possiblo vibratory explosive force to redevelope the
well ( dotail discussion in chepteyr V ).

Requircments of items I,II and IV are mostly satisfied
by a stainless steel continuous glot or bridge type

of screen having V shaped openings. It can also be
made sufficiently strong as to satisfy the requirements
of item V above.

3,162 1f we want a life of a well to be 50 years then
naturally we have to incorporate a;l these improvements and fineness
in design of screens. To have a longer life, all the materials
used in well should be of superior quality and well screen should
be the best. For it is the screen which largely determines the
sucess or failure of a well, Most'gfficient well screens as re-
conmanded in para 3,162 which are available in foreign markets are
very costly. Their cost is about 3-4 times more than the ordinary
strainer screen used hither to. As stated in beginning the unpopu-
larity of tube~well scheme lies in its high cost of production. It
has been argued in the past that employment of costlier screens in
vell construction will increase the cost of production further. But
the survey and the cost analysis based on 1t reveals a totally
different picture and provides a definite powerful argument for
swinging the opinion in favour of use of costly screens.

3.170 The cost analysis ( appendix 4 ) reveals that an
efficient screen of superior quality, on the basis of 35 years of
average life givess |

'l) A 9.63 less runniné cost than an ordinary strainer
sereen, |

2) A rate of return 2.06 in excess to that of an
ordinary screon on capital investment,

3) The capitalised value of excess profit earned by



a good and well designed screen in 35 years is

Rs, 48,200.00 per well, which is more than the cost of
two new high priced wells, |

3,171 From the cost anelysis we see that screen of very high
quality and good design be chosen., High quality means longer
operating life, less maintenance and smoother operation. Quality %

screen 1s not Just a luxury but they make real economy in the long

run.

3,172 It is further suggested that the extra profit earned
by the wells using quality screens must be reaped back with further

research progremmes on tube-wells,
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SYMBOLS USED IN CHAPTERGIV
‘Cross-Sectional area.

dia of pipe or stream tube.

- diaiof sphere or sand grain,

head loss in ft. of fluid flowing.

length of soil colﬁmn.

length of stre;m~path.f

Percent'oé sahd bng;ght havingva giveﬁ dia.
Shabe factor. |
a%ﬁerent mean velocity # Q/é.k

true megnlpore veloecity.

absolute viscosity.

 kinematic viscosity.

density.
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CHAPTER IV
DEFINITZIONS,
EEFECTIVE GRAIN 8YZE: It is the size of the sand particle
of which 90 porcent of the strata sample (by weight) is

coarser Larger the effective grain size, the coarser will

be the formation, It is denoted as Dy, size. .

MEDIAN S12E: This sige is such that half of the material in
the sample (by weight) is smaller in dia-meter and half is
larger in diameter, It 1s denoted as Dy, 8ise.

DaoSIZEs 1t is the’size of the particle such that 60 porcont
of the semple is smaller in dismeter than this and 40 porcemt
is coarser (by weight).

v ¢ , 1t is defined as the ratic of the
diemetor of grain that has 408 of the sample (by weight)
coarser than itself to the effective diameter of the forma-
tion sample. It‘ia indicated as_DSOIDlo. The unformity co~
6friciont indicates téxturag degree of uniformity and pmum
porosity of the_format}an. Higher the co-efficienp, the lower
1s the porosity. The value of uniformity co-ecfficient below
2 indicates 458 volds,botween 2 and 3, about 40f voids and
botwoon 6 to 8, about 30§ volds. |

E:AHBASLQA It is the ratio of Dgqo silze of gravel pack to
Dgo size of aquifer.

URTFORY FORMAIIONZ Materials with uniformity co-efficients ‘
(DS0/D10) ranging from 1.3 to 2 are called the uniform

matorialo.

Formation having ratio(Dgg/Dig) 2




4.1  INTRODUCTION3 Apert from straight sereen wells, the
other type of wells commonly constructed are the gravel pack
wells, This type was adopted only about 15 years back for the
State Irrigation wells system in U.P. and since then hundreds

of them have heen constructed.

The survey of gravel-pack wells (refer append.B) has
gnr revealed that none of them completely failed or was abondone
ed due to large fall in discharge. On most of these wells the
following troubles vwere noticed i~

I. Constant sand discharge.

II. Frequent heavy repairs.
1iI. Fall in yield of wells as time rolled on.

Troubles as given in II and III gbove were largely
due to sand movement into the well; Through the gravel-pack

screen.

4.2 OBJECT2 In a gravel-pack well, an n annular layer
of clean and well rounded gravel of high permeability sbout
6 in. to one foot thick is artificlally created to fill part
of the drilled well round the screen. The basic object isi-
(I) To have a smaller diameter screen and, in
many instances, a smaller well casing than um
would otherwise be required.
(I1) To improve the permegbility in the immediate
neighbour«hood of the screen.
(III) To increase the effective diameter of the well.
{94194
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(IV) To prevent sand movement into well.

(XV) To have wider screen openings than would other-
wiae be possible if the wall n was not gravel
treated, and thereby obtaining a better specl-
tica yield from the gravelapack uell. '

4,3 . Bofore go;ng for a;gravel-pack‘well,'hydraulie
chagracteristics of the formation and the structure must be consi-
dered first very carefully, because the cost of this type of well
is about 30 per cent more than a atraight screen well and it
also calls for costlier construetion_equipment and better techn4
ique. 1In éase, 1f, the maximum emount of water can be deﬁeldpéd
from a‘formation without grével'éregtment by providing & suitable
openings and development, then.the gravel pack will be simply

un-necessary and waste of money and times both.

4.4 ] .
attraction, surface tengion, capillarity, etc, p{% an important
part vhile the water is moving through formation and determine
the quantity of water vhich the formation will yield and transmit |
While drilling a ﬁeil in a sand gravel formation a keen study
or‘the'porosity of'formation.is needed because the above stated
forces will vary éccbrding to the”porasity of the f§rmation
Schlictezlﬁ madc the following 1ﬁbor€ant-obnorvations'regarding
the porcsity# | |

I. Grain sizc does not effect the porosity. If any
unit volume 1s packed with sphé;es of equal
diameter the ratio of Voids to non voids is
independent‘of the size of aphéres so long ag all

the sphéres are exéctly of same size. This ratio
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is maximum for equal size spheres regaidless
or the1r diameter. For example_silt and clay are
.88 porous as u sand and gravel. N ,
11, Irregularity of shape of grains produces a larger
passiﬁla range in porosity,
I11. Degree of assortment‘changes the porosity to a
greator extent (refer para 1.22). | |
4,5 From geometry, we can easily find that surface érea
of a spherical grain varies as the square of its diameter wvhile
its volume increases as the cube of its diameter. That is smaller
the grain = size, the bigger will be the surface forming the
voids to hold water. For example a cubic foot of sand composed
of grain size of No. 40 screen slot opening will have 1000 square
feet of surface area vhercas a cubic foot of fine clay will have
more than 4 acres of surface area. Force of molecular attraction
therefore, will be several times more in the 1a£ter case., Capill-
arity action will also bo more in this case. ‘ |

4,6 Discussions in para 4.4 and 4.5 naturally indicates
that a greater force i.e. head or depression will be required
to make the same amount of water flow through a finer formation
than a coarge one though the porosity in both the cases remains
the same (refer para 4.4-1). If an ordinary screecn is provided
in fine formation openings will have to be made very small which
will mean larger head logs and lesser yleld. There will also be
danger of its quick corrosion and incrustation and, therefore,
gravel pack wells which have relatively larger openings arc mosgt

suitable to such formations,

4.7  FLOY THROUGH GRANNULAR MEDXA: If we consider the



flov of fluid through grannular media in a éravel pack well as
being analogous to that through pipes (2), then Welsbach's formula

can be uritten assi

h = £ ( 1p) x ¢ ¥p2) (53)
d 2g
vhere f = £ (Re) f ( ¥pd) (54)
Also for viscous flow Poiseuillels 1owgg:st
| h = 32 Ipwvy g.d2 ——— (55)

Taking into account the porosity of the material and
the shape factqr and with the help of equation (63) and (55),
Hickox (2) showed that: '
£ = _64 S - S —  (56)
Vp d Re
Relagion (66) is alsc the falmliar relation between

friction factor and Reynold's number Re for viscous flow in pipes.
Equation (66) was developed for grannular materials for uniform
size, If the material is not uniform then some single dia.
reprosentative of the:mixture can be chosen, Fair and Hatbh
(3) showed that vhen the shape factor is the same for all sizes
in mixture then ds (effective) = g%“

_ ] | B(P/ds)

4.8 Thig dlameter is known as effective diameter and
1s the diameter of a group of uniform particles having the same
surface - area, volume and shape factor as the mixture. &ince
these are the only properties of material vhich enter the gn
equation, the effective diameter may be used in all cases.

Equation (63) can now be written as:
h

L]

(.64 ) x (Lp ) x (Vp2)
Vbd = T8
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4.9 The above relation indicates that for a fixed
veloeity in certain set of canditions, the head required will be
less for larger diameters., Givan (4) modified the above relation
at (56) and showed that

f=4A_. +B,
Re

vwhere m A and B are some dimensionless numbers’ depending up on
packing, shape, distribution, size of granules in beds of mixed
and size and shpae of the formation.

4,10 The grannuler media of the same grain size with the
same porosity masy have different resistance to flow because of
the different manner in which the void spaces are distributed £
through the media (6)

In the natural formation the flow of ground water 1is
unidirectional. The large axes of the grains, therefore, tend
to a lign themselves perallel to £11d flow direction and more
elongated grains thus become parallel to the‘direcbion of fluid
flow (6). Also there is less disturbance in a fluid due to flow
around a faired shape particle and hence less resistanqe to flow
(7). But these natural conditions are lmpossible to be attained
in an artificial gravel pack, But for minimum head loss in gravel
envelope, thé'gravel uged should be round in ghape, clean and

smooth,

4.11 Since the gravel can not be packed uniformly around
the sereen of g well nor their orientation can be arrangecd as to
offer less resistance to flow, therefore, for random packing,
vith randomorientation of individusl porticls, it may be assumed
that volds are evenly distributed and that the resistance to flov
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is the same in all directions. (6) and flow into the wéilvis

uniform from all directions.

412 4 dimensionless epproach was made by Rose (24) inbbd
the laws of flow of fluids through grannular materials. Head
of fluid H, necessary to maintane a flow veloecity V through

grannular media is dependent up-on.

I.  Density - §
11, Absolute viscosity-/A__
111, Depth of bed-h | A
ZXIV.  Diameter of the particles of which the bed is formed- d.
' Diémeter ﬂﬂxxhnxn in which the material 1svpa¢ked-n
VI, Voidage or porosity of the bed-f o N |
ViIi. Gravitational constant-g.

Viii. Height of the surface roughring of the particle -e
. IX. Shape of the particle.
X. " 8ize Distribution of the particles.

By suitable choice of a system of definition, the
variables IX and X are mede dimension less and can be represented
by aimension 1ess groups (Z) and (0) respectively. We can arrange
the abOVe variables ag —F{ K)“‘ﬁo‘ £ Jﬁ/“' e‘\(&) &) o 5'0
Solving by dimensionless method we get the following dimensionless

groupss |

C ) F %\(O_k’__f) C ’bz-) ("Q") (3‘)?(5—)7\(’&)’\(06(1) )‘o—}

Assunming for simpliclity that:
I. the particles are gpherical in shape
1X. they are closely graded to a mean size

TTT. thoy are very smooth
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the variation of three independent variable groups

¢
( E?J y (2) & (Uf,is c¢liminated.

Rose experimentally determined the value of the
co-efficients and reported that the above relation could(be
written as: |

-Lo : )

(E.) = y,(_é_) wx.e(g) X.6 F(f) P (D)
A 4

there 45 a function 6f Reynold's nnmber, F(f) is a
function of voidage and Fy( Q } is a fenction of ( Q ) For very
slow rates of flow through grannular media having normal densgity
of packing, the reported that g0 R

(B 200‘2»4 (h Yy (£ ) <60 approx.
'd g5= 40

4.13 Above relation indicates that for a certain veloc)

of flow, larger the dia meter of grains, the lesser wil
head loss. Therefore lesser will be the depression in
pack well in which the size of gravel is many times morein

sand formation grain size. The cone of depression will be more
flatter.in the pack.

4,14 CONE OF DEPRESSION: From the shape of cone of
depression (figs. 2.35 and 2. 37), we see that major portion of
head loss in the formation occurs in the immediaste neighbourhood
of well screen. Besldes other factors involved in developing the..
formula for radiusof influence and head loss in Chap;II, one of
the cause of increased head loss near the entrance of screen is
due to the fact that eddies are formed in the stagnation zone,

a little up-stream that the junction of sereen opening and
results in the lovering of local boundary pressure (8), considering

the screen openings as a series of orifices through vwhich flow
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is taking placo (refer para 3,7). The concept of a gravel pack

13 based on this characteristic of the cone of defression i.e.

it is much steeper near the screen or in other words, most of the

head loss occur in the immediate vieinity of screen,

4,15 ADVANTAGES OF GRAVEL-PACK: Discussions of paras from
4.7 to 4.14 indicates logically that if & proper size coarse

smooth and uniform grannular media could be provided in the imme-

diate neighbourhood of the wall, the advantages from such cons=-

truction will beis~

I,

That head loss will be relatively much decreased
for causing certain flow into the well then it m

would require if there vas no gravel treatment,

IXI. That the effective diameter of the well will be

increaseds due to gravel troatment and the velocity,

therefore, will be reduced.

I11.That the specific capacity will be increased due to

decrease in draw~down for same capacity and reduced

entrance frictiqn.

IV. That maximum sand free water can be obtained from

the well.
V. Operational cost will be less.
4,16 TIONS OF GRaVE : Gravel should not be

used indiscriminately in all tube~wells but should be used with a

cloar understanding and judgement of the formation. Gravel shrou-

ding may not be resorted to in the following cases:

I.

If, the quantity of water desired is less than the
maximum which the formation can give and which can
be obtained by using ordinary straight screen, the

gravel treatment in this case will be un-necessary
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for construction and economic reasons,

I1. If the maximum yield can be obtained from g forma-
tion with a proper screen, then gravel treatment
i1s un-necessary.

III. According to Bennisom (1), if effective size of
the formation is greater than 0.0l inch. end
tniformity Co-efficient is more than 2 then the well
does not require gravel treatment. If the uniformity
Co-efficient 1s‘less than 2 then gravel treatment
is generally required. No formation, however, whose
uniformity Co-efficient is from 5 to 10 need be

gravel treated under ordinary circumstances,

4.17 Generally the formations vwhich have comparatively large
percentage of coarse particles as revealed by sieve test should
not be gravel treated. There 1s basic difference in between the
arrangement of the formation which is naturally developed around
a screen well and the gra%blar arrangement in an artificiaslly
gravel treated well. In the former case a gradual reduction in the
glze of the particles away from thelscreen with the finer particles
entirely removed takes place creating conditions like natural
gravel treastment which is stablished against high veloeities.
thereas in artificial gravel treatment, the gravel particles being
of uniform gsize allow no development and create a tendency for
the finer particles to work out part way through the gravel treat-

ment and became lodged.

4,18 Figures 4.18~a and 4.18-b show a comparative study of
the sand &vem formation vhere a gravel pack well is most desired
and vhere it should not be used.
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4.19 FACTORS INFLUENCING DESIGN OF AGRAVEL PACK-1FILLz The
grain size of water bearing_strata and the degree of uniformity

Vary from place to place and even from layer to layer in the game
bore. It is, therefore, apparent that neither the same size

of shrouding gravel nor the same size of slot openings in the
slotted tube will suit all water bearing stratas. There, hovever,
exists a basic relation ship between (a) the gize of the slot,
(b) grading of the gravel to be shrouded and (e¢) grading of the
water beaning stratum which influence the weil performance.
Alteration in the effective diameter of the well or reduction of
resistance to flow through a well screen also play thelr part in
the perfcrmance of a well, All these factors must be carefully
taken into account while designing a gravel pack well. However
on state irrigation wells in Uttar P-radesh, as far as the author
knows, same size ofvslot and same grading of gravel irrespective
of formation size is being used every where which is spprently
injurious to the performance and life of wells. Gravel treating
is an_important phase of a well work and must be co-related with
the formation, quantity of water to be produced, cost of the

Job, ete,

4.20  REQUIREMENT OF GRAVEL SIZR3~ Some of the results of
studies made in connection with the design of filters in hydraulic

structures are glso applicadle to the design of gravel for gravel
pack wells, The ossential regquirements of a filter, naturally,
are s
I, Its size ghould be such as not to allow the
formation particles to flovw through its voids.
That is, the effective size of gravel lays betweo!
coertain limits with relation to the effective
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» size of the formation to be treated (1,10) beyond
: or below which the treatment will not be effic
ientlpR effective or in other words ths unifor.
mity Co-efficient of gravel and the formation

are inter-related.

I1. Its size should be such as to cause minimum
head loss due to surface tension and capillarity
- (refer para 4.8), |
III. Material used in the gravel treatment muét be
of good,qna;ity hard granite like (10), carefully
selected as to shppe and graded as to size
| (refer para 4.4-I1,1I1 and 4.10).
1v, The shrounding gravel should not.have its uni-
formity Co~efficient more than 3 or also the
smaller size of gravel 1s likely to get seperae
ted from the larger size in an uniform mixture
during its passage through the water to the
bottom of the well vhile being poured in (9).

421

Terzaghi and others (11,13) made certain recommandations for
desigﬁ of filters (though initially for dams) which were later on
confirmed by the U.8. water lays Experiment Station and U.S .
corps of Engineers. Accorﬂing to Terzaghl, the criteria for
preventing fhe formation flow through tho voids of filter is

D 156 %f%lter)
D 85 ormation ) < 4

It means that 15% size of the gravel must be less
than 4 times the 858 size of the formation. He further stated
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that to keep the seepage forces within permiséible magnitude,
15 ( filter) 4
D1 ormation )
meaning thereby that 15§ size.of the filter must
exceed 4 times the 15§ sizes of the formation.

The U.8. Bureau (12) suggested that grain size curve
for filter and formation material should be approximately
parallel and the envelope maferial should be packed densely.

4.23 Bertrem (14) found that "the minimum critical ration
of the 15 per cent size'of the fiitér at the‘limit of stability
is approximately ‘9", This n% §s applicable where the material
is at least 508 compact. TIh other words if the flow is, say,
down ward, each successive layer of material may be composed of
particles such that 15 percent size (15 percent smaller than and
85 percent larger than) diemetres ig 9 times that of the 15
percent size of the layer above. If the above condition
prevails and the materiallis at least 50§ compact, p:actically n
no imprignation will take blace (15). If the ratio is much
greater than 9, imbrignatipn may occur. Vhen we take into account
the fact that.pgrmeabil;ty varies)approximatelyvés'thé squaieﬁ
of the diameter, it becomes clear that one may go from a fine silt

to sizeable gravel in a very few layers,

4,24 The U.8. warlnepartment (16) recommanded that 1f the
uniformity co-efficent of aqﬁ1fe: 18 less than 2, and the effective
grein size is more than 0.30 mvm.,then there does not exists any
necessity for gravel packing. If the uniformity cow-efficient 1s
less than 2, but the effective size is smallér than 0.30 m.m.,
then a uniformly graded pack should be provided, To obtain this,
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50 percent size of the aqmifer material i1g multiplied by 5 and

10. Points of these values are located on 504 abscissa. Lines
are drawn through these poin?s approximately parallel to the
average slope of the aguifer gradation curve, These lines gre
the limits of the most satisfactory pack. If the gradation ¢curve
of the pack material falls oubside these lines on to the right,
the pack material will not stabilise the formation material and
should not be used. If it falls outside to the left of these
lines then though the aquifer material will be stabilished but the
well uill be less efficient (fig 4,24).

4,256 TFor cases, where the aquifer uniformity co-efficient
vs
ig greater than 2, theLwar Department has recommanded that:
{a) 12'< D15 (filter)

R 40
D15 (formation)

(b) 12 ¢ Dsg (Filtery . 58
D5 (formation)

To obtain the most,Satisractory size of the gravel
pack,,multlply 508 size of the~form§tion material by 12 and 58,
plot the products on 50 percent abscissa. Multiply 15 percent
size by 12 and 40 and plotfthe products on 15% abscissa. These
points are then Joined with stralght lines. The gradétion curve
of the pack gravel should 1ic within these lines. (fig.4.26).

2.26 L;gzggngng OF gggpungzgag PACK: On tube-weels a non

uniform gravel pack can not be used becauses
b then a non-uniform gravel is poured into a well
the different particles will travel the weoll
length with different velocities avepording to
their wdights with the result that large void



Fie 4'26

|

34204

v

-Da.; o027

pagons]

‘035

]

Do

/

/

a

14

TR o

/
—_——

107  0'1

E S'___;..Q._M,s_:.-k-c.s;-

0'25

SAND GRAIN SIZE N

ACK LirPTi TATIONS

0°'23 x (2
023 x sg
‘098 x (2
'095 x 40

2

-
-—

)}

276

(334
(14
38

o 4

3 5 lo 20 5o {o

Pr.op,

SAND SAPIPLE - T.W No. 30 DAHA GR.

DIST, PIEERYT

NON UNIFORM Paurre R




II1.

111,

«12D=

spaces will be formed below on whdeh tho
smeller particle will finally come to reft and
the pquifer movement can not bo, thercforo,

controlléd.

Permoability of a noneuniform gravel is less
than g uniform one, though it may be placed
homogenously. It means less specific yield and
higher pumping cost for a deairad digcehargo.

Special arrangements and caroful placemont of
the gravel material into tho woll 4o roquired
vhich increases the cost of conotruction and

is not easily possidlo.

43,27 Due to the difficulties onumorated above an uniform

gravel leyer is generally used overy vhere. And hencoe the need

of matching tho gravel pizo with that of formation arised.

4,28

A ooriog of fests wap earricd out in U.P. Irrigation
Resoarch Ingtitute Roorkee by Gupta (17) to find out suitable

eriteriag fors

4,20

ap bolovw.

I.

I1.

The déaign of a uniforn gravel pack for unifornm
squifer, |

The denign of a uniform gravel pack for non-
uniforn aquifer.

His roport on the results of tepts 1o summarisged

I,

For uniform gravel pack

in condbination with uniform aquifor ,ﬁﬁ vag found to
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be the maximum stable P-A ratio. Uhereas for
ﬁniform'gravel packs 1n.comb1natiqn-ﬁitﬁ ﬁan-
uniform aquifer, 12 was the'maximum établevP~A
ratio. A higher P-p ratio in the latter case

is due to the fact that non-uniform materials
forms smgller volds and have a pronounced brid-
ging action which reduceslaquifer'mbvement. He
also reported that amount of sand movement
increases with increase of gravel size of envelop

(fig. 4.29).

11, EFFECT OF UNFORMITY CO-EFFICIETS2~ Increase

in the uniformity co~efficient of the gravel
pack, for any particular P-p ratio, reduces the
aquifer movemenf. For low values o: P-A ratio,
reduction in aquifer movement is leas vhereas
for higﬁ P~A ratio, this reduction is much more

marked,

I11. EFFECT _OF ggngg;gg: The amount of équifer

movement into the gravel envelop increases with

the inerease in velocity.

v YELRCITY L0SSs Size of sand particles is the
most significant factor in determining the
head loss. Loss through gravel increaseg where
a large quantity of sand ig washed into the
pack. Surging reduces head loss,

& 4,30 Similar experiments were carried out in colarodo state

University (19) and 1ts recommandations ares
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I. If aquifer is uniform i.e.,its uniformity co=~
effectient 1lies betweon 1.3 to 2.0, we can
providos .

(i) A uniform gravel pack (1.3<D60/D10<2.0),with
P-A ratio = 9.5.
(ii) A non uniform ‘gravel pack (3.0<D60/D10<5.0)
" with P-a ratio = 13.5.

II. e aguifar is non uniform 1.e.,its D 60/D10 lies
between 3.0 to 5.0, we can uses
(i) Uniform gravel pack with P=p ratio = 13.5.
(11) anéﬂniform gravel pack with P-A ratio=17.05.

4,31 It can be seen that results of experiments in para
4,29 and 4,30 are 1ﬁ close apppoximation with each other, There
results were arrived at in the laboratories where the conditions
very ﬁuch differ from thé actual field in regard with compaction,
@ead, dispersivity, viscosity, velocity, etc. But they can be
tried in the actual field on few state wells profitably.

4.32  IHICKNESS OF GRAVEL PACK: The thickness of gravel

Pack around a slotted tube is mainly governed by two following
% major factor: | |
| I. 'Valqcity through gravel pack.
I1. Ease of development work through gravel pack.

4,33  INFLUENCE OF VELOCITY: Asu previously stated, the

velocity of ground vater movement is very low. The thickness of
gravel pack around the slotted tube increases the effective dia-
moter of the well and for 2 required rate of pumping, the velo =

city of water through the agquifer is reduced further. Once the
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velocity of water is reduced to a Value vhere 1t will not carry
the sand particles with 1t, further reduction in velocity is un~
necessary. Any further 1ncreaae in the pack thickness will be :
deterimental to the well efficiency, because the velocity becomes
80 low that fine sand 18 deposited in the volds of gravel and thua
.choko 1t. Discussions of para 4,23 show that one can go from fine

silt to grayel size in quite a thin layer say four to six 1nches.

4,34 gggg_g__ggzgu_zngnz_ nevelopment of'an artificially
gravel packed well is as important as the development of any other

type of well, The thickness and the grading of material used in
the pack both have_considerable effect on the development to bring
it to maximum efficiency.

4,36  The hole drilled for a gravel pack well is of larger
dismeter than the actual slotted tubg to be placed in the’hole.toy
make room for the gravel for pack, During Sorihg, due to various
factors, a thin gkin of relatively 1mperv16us ﬁaterial is plaster~
od on the wells of the bore. This skin may be formed eithef due
to mud omployed in boring by rotory method, or due to recircula-
tion of some amount of clay and fine sand of the formation in the
reverse rotory method, Fluid pressure helps in partially plugging
the face of the hole by these foreign matters.In cable tool drill~
ing method, the movement of the well casing produce a troweling
action that leaves a "slick" of silt and clay on the wall of the
hole. |

4,36 When the gravel has been placed around the well.screen,
this impervious skin becomes sand-wiched botween the gravel and
the natural formation and must be removed by development work to

get maximum yield from the well, and hence the importance of the

porper thiclness of pack.
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4.37 In a thin pack, undesirgble fine sand, silt, elay,
ete. can easily be‘removed,during development but it msgy not sta-
bilise the fine formation properly. On the other hand in a pro-
'perly'designedvgrével pack, the permeablility is so high ihatlthere
is more tendency for water to slosh up and down in the gravel
enVelopearather‘than to move into or out cf‘the,hatuial.formatioh

at places where it may be partially clogged.

4.38  Discussions from para 4,32 to 4.37 naturally inddcate
.thax moderate thicknesses.of gravel pack are the best choice to
undo any demege to the permeability of the formation that results
from the drilling operation (21). Now it is a well recognised
fact that the annular space required for a properly designed gra-
vel pack varies from three to nine inches, and e pack thicker

than one foot is genérally a source of trouble from clogging(1).

4,39  DESIGN OF GRAVEL PACK,P-A BATIOz The size of the

gravel pack either can be chosen by the method developed by U.S.
War Department (16) which has already been discussed in paras
4,24 and 4.255 or it cen be chosen by the criteria developed by
Gupta (17;fgolarodq State University (18). Examples of the latter
method is considered below., .Aguifer No.l, 1s chosen just for.
sample calculations whereas agquifer No.2. pertanis to T.W.No.l1lb

( appendix B), of Aligarh area. Plots of sand analysis on cumula~
tive percent, weight retaining basis are given in £ig.4.39 which
reveals that both of the aguifer have a large percentage of fine

sends

T Sizes in inches, Uniformity Uniform or
Aquifer Dyo Dso Dgo ~ Co~efficentsiion-uniform,
Haterinl, _ ' N
No. 1 002  .0048 0054 2.2 Non-uniform

No. 2. .0047 .0072 0074 1.55 Uniform.
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4.40 since aquifer No.(l) is noneuniform, in order to
provide a uniform gravel pack, the P-a rafiio is chosen to be 11
vwhich gives D5p of gravel = 0.052“. This gravel pack is plotted
approximately parallel to the aquifer curve (refer para 4.22) vhich
gives uniformity Co-efficient of 1.8 for the pack (fig. 4.40).

4,41 Plot of aguifer Wo, 2 in fig 4.40 shows that a very
large percentage of the aguifer is very fine and uniform, Effective
s1ze 1s .0047 inch l.e. much less than 0.01" and therefore needs
a gravel pack for maximum yield (refer fig 4.39). The median size
Do 18 .0072 inch, Since the aquifer is uniform, therefore, to
provide a uniform gravel pack, choosing P-A ratio = 8, gives the
Dgo size of gravel = 0.057 in. The gravel pack is now plotted
approximately parallel to the aquifer curve and gives an uniformity
co~efficient of 1.57 (fig 4.40). For all sizes of gravel pack,
the slot size should be so matched as to prevent at least 90F of
the pack material from flowing into the well. In appendix (@)
sand ahalysis of 6 state wells of screen type have been plotted.
These wells actuglly required‘gravelltregtment.ﬁize of gravel pack
on the basis of recommandations of U.5.W.D. and Colarodo State
University has been designed:%he case of State tube~-wegl Ro. South
Loi A (Muzzafarnagar).

4,42 The gravel envelope is

provided to cover up the perforated portion of the screen, 1he
enVe;ope should be carried upward until the entire screen has been
covered and a few feet above to counteract the future gettlement
possibllities. Gravel treating to the static level or the zmxmum
surface should not be ~carried out'aa‘it does not serve any

purpose and simply increases the cost. (Gravel treatment carried



=136~

4.43 ORAVEL-PLACEMENT: vPlacing of gravel in the pack around
the well 1s as important as its proper grading. There are, broadly
spoaking, two types which are videly useds

(I} Ordinary Gravel wall typo,
(I1) Steblisod Artificisl Gravel Type.

4.44 ORDINARY GRAVEL WALL TYPES~ In this method a casing having

diamoter to accommodate the permanent sereen and the required thick-
nessvof the grawgl pack 1s sunk to the bottom of the well and
cleaned out, Then screen is lowered to the bottom and centred and
then properly graded gravel is fed in the annular gpace around the
screon till whole of its length is covered by gravel. vhile the
gravel is being fed in, the casing is slowly raised so as to carry
from 6 to 10 feot of gravel betweon the screen and the casing. This
method of placing gravel 1s positive and is commonly used where the
formation is comparatively coarse. _The_deVelopment of this type

of packing 1s carried by over pumping only. The pumping first is
started at a low rate and then increased gradually to a value which

is higher than the pumping rate of the permanent pump.

4,45 ggAgL1ggg_Agg;g;g;&g_gggzgg_ggzng When there is no
coarse material and the formation is uniformly fine, the stabilised
artificial gravel treatment is resorted to because it is the only
method to extract maximum yield from such formations free of sand.
In this method the gravel is placed in the same vay as in ordinary
wall type except that treatment is developed as it is placed.Slight
surging is done simultanecously to keep the settling gravel troat-
ment free of sand. After the gravel has been placed so as to cover
the whole perforated tube, the well is developed in a regular
manner, The idea for light surging 1s to supply the formation with

cnough gravel to bulld up a treatment several inches thick around
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around the screen in order to "stabilize" it.

4.46

_ i~ Small feed pipes or
down spouting mﬁst be used whenever possible. In this method, the
pipe is plgééd near the bottom of the well with the gravel being
fed slowiy:éné evenly until it has Tilled around the screen to a
vertical h?ight qf‘4 or 5 ft, Then ?he gravel pipe 1s'rai§ed‘about
the same hight and feed is continued. If due to some circumstances,
shovel feeding is necessary,:then shoveliing musf be done sloyly
and evenl&}sp’as to avoid seperatiop'of particles and thus mgin-
tain the uniformity ratio. Plenty of time must be allowed for each
shovol full to settle, The track of the gravel level must be kept
at all times, _ . _—

4.47 PENGTH OF SLOTIED TUBE2 Having fixed the size and the
slot width (refer para. 4.41) in accordence with the assortmen£
of formation and the size of the gravel, the length of the pipe
can be calculated as to have velocity of entrance within ﬁermissi-
ble limits 1,e., 0.1 ft.per sccond. Some authors are of the view
that an open area oqual to the suction area of the pump to deliver
certain quantity of water will be enough and may be placed at the
bottom of the giavel treated hole, The water from'the'upper’forma*
tions will trickle down to the bottom through the annular gravel
pack and will be picked up there by the pump. But this notion is
completely wrong and if worked will lead to erronous results as
the vertical downward flow through the pack is very insignificent
and contribute léttle to the overall discharge. An example solved
below will lead to this conclusion very clearly, Field figures

have been chosen to heve better understanding.

4,48 Fig. 4.48 shows a gravel pack well 250 feet deep boredby
a rig and have bore diometor of 27 imch. A 6 in.slotted tube is
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lovered centrally in'the bore and let the slots be loeated at the
bottom. The annular space left for gravel packing is:

X x a1 (272-6% = X x 3 x33zx21
2 143 3 144

= 3,78 s8q.ft.

Let the permeablility of the gravel pack material be
9000 g.p.d. per sq.ft. which is approximately equal to the per-
meability of materialé whicgﬁgenerally used for gravel treatment.
Head causing the wopkiein vertical flow is

45«25 = 20 ft,

The water from the upper strate will flow downwards through a
distance of 60 ft. and then will enter into the screen which is
placed at the bottom of the well,

The hydraulic gradient under which the vertical flow
takes place is = %% = 0.?3
According to Darcyt's lav
Q=Kxix A,
Where Q = discharge in gallons per day
K = Permeability in g.p.d. per sq.ft,
1 = Hydraulic gradient,
A= Aiea in square feet.
< Q = 9000 x 0.33 x 3.78
2 11.220 g.p.d.
. = 7.8 g.p.m.,
~ Hom These calculations assume that the gravel column is
completeiy clean and open, which is not likely the case in actual
practice.
4.49 Approximately, the upper sand having a permeability of
1200 g.p.d. per sQ.ft. and with a screen section of 20 ft.locatod
from 125 ft. to 145' will yield about 70 g.p.m. Thus about only
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10% of the potential yield of this strata can flow down through

the gravel envelope under the conditions of this example.

4.50 Above calculations, demonstrate the greater advantage of
properly placing the section of the well screen to correspond with
the depth of strata that are capable of yielding substantial quan-
tities of water to the well. We should therefore, contemplate no
important contribution to yield from vertical flow through the

gravel envelope.

4.51 CHOICE FOR ORIENTATION OF SLOTS: Studies recently con-

ducted in Irrigation Research Institute, Roorkee, show that other
things remaining same discharge through vertical slots in more
than horizantal slots (21). But through horizantal slots there

" was lesser suction of sand (23). These experiments were cohduct-
ed without gravel pack. ©Since a well designed gravel pack elimi-
nates the possiblility of = sand movement, therefore, author feels
that vertical slots will be definitely advantageous in a gravel
pack well. On state wells in U.P., both horizantal and vertical
slots are being used. Performance of vertical slots with gravel

pack needs investigations as to arrive on a definite conclusion.

4.52 (CHOICE FOR FIXED SIZE SLOTTED TUBES: As previously dis-
cussed, it is best to have the uniformity co4efficient of gravel

pack as near unity as possible. .But it should be less than 2.0

in all cases generally. This immedlately fixes the slot size indi:
cating that 10% of the gravel may pass out from slot openings.the
gravel size in turn is determined by the formation size. Any
deviation from it will either reduce the well efficiency or will

not stablise the formation. Therefore, the pipes having fixed

slot openings must be utilised on places where they are technicall;
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dosired. Ignoring these facts, makes an ineffecient well. whilo
choosing the slot size, the gtrength of the perforated tube must

also be taken.intOUaccouht.

4.53 On state irrigation gravel pack wells, tubey of fixed
slot sizos 1/16 in. to 3/32 in, are generally being used every
vhere irrespective of-the'quality'ofaguifer or the gravel. Gravel
used 13 also of one size‘Onlﬁ;' This practice is obviously infu-.
rious to, the efficiency and life of the wells (refer pars 4.19
and 4.41). The practice, as revealed by Survey (refer appendix B),
has resulted intosz - |

I. Sand discharge, frequent break~downs and increased
cost of repairs which were sometimes very heavy.

II, Continuous fall in discharge. On the wells surveyod,
the everage fall in dlscharge is 2,600 G.P.H. per ¥
year (abpendix B),’The cost analysis (app.A) shows
o loss of Rs. 242,00 approx.per well per year for a
gravel well, fof‘average running period of 2,100
hours per year, | |

SUMMARY 2 1In order td have érficient gravei pack wells

and to aveid unmatured failures due to sond discharge or fall in
discharge, the following steps are recommended for future guidances

1. Sand analysis of each aquifer lagyer must be done in
each case and correctly interpreted (refer para 4.21),
4, 89 to 4.41). | |

2.  Grayel size should match the formation gsize for high
effeciency and stabilisation of aquifer (refer para
4.24, 4.30 and 4.39).

3. For minimum head loss through the screen, the factor

g§,~,6 (refer section II of Chapter III).
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4. Development should be thorough to minimise the losses
(refer para 4.38 to 4.38).




x.
1.

2.

3.

4,

5,

6.

7.

~141-
REFBRENCES,

Bennison, E.W.,"Ground Water Its Development, uses and consen-

vation", Edward E.Johnson, Inc.,St.Paul &,Minnesota,1947,pp.33.

Hickox, G.H.,"Flow Through Grannular Material",Trans.Amer.
Geophysical Union, Vol. 15, 1934, pp. 572-574,

?air, G.H. and L.P.Hatch, "Fundamental Factors Governing the
Stream Iine Flow of Water Through Sand™; J.Amer.Water Works
Assoc.,V.25, 1933, pp.1551-1565. |

Givan, "Flow of tater Through Grannular Materials",Trans. Amer.

Geophysical Union, Vol, 15, 1934, pp.574-578.

Geno A, Rusnak, "Orientation Of Sand Grains Under Conditions
of Unidirectional Fluid Flow", J. of Geology, V.65, 1957,
pp. 384-407,

i Porosity Factor For Case Of Laminor Flow Through Gronnular
Media," Trans.Amer.Geophysical Union,Vol.32, 1951,pp. 443,

Weller, R. "The Optical Investigation of Fluid Flow",J. App.
Mechanics, Vol. 1047, = o o |

Rouse. H and Abdel Hadi,“Characteristic of Ifrotational Flow
Through Axially Symmetric Orifices," J.App.Mechanics.Vol.1960,
pp. 421; | . o |

Sanght, A, "Deéign of Tube-Wells for Irrigation, Paper No.4,

choice of 'P' the Rate of Percolation (Gravel shrouded well)®,

J.Central Board of Irrigation and Power, Vol.l4, 1957,pp.223-234

tWhite, H.C.,"Gravel Packed Wells", J.Amer,Water Works Assoc.,
Vol.20, 1937, pp. 475-483,



1l.

12.

"" 13. |

18,

16.

17,

18,

19,

-142-

Terzaghi, K.and R.B.Peck,"Soll Mechanics in Engineering |
Practice", New-Yord, Hohn Wiley and Sons 1848.

U.8.Water~vays Experiment Statlon, "Field and lLaboratory
Investigations of Design Griteria for Drainagé Wells®,
Mississippi, 1942, Technical memorandum No.1951, pp. 1-78.

Pack, Hansen and Thornburn, "Foundation Engineering",John

Wiley & SO!IS, Inc. ’NaYo ,1955, ppo 66“'67. -

Bertram, G.E."An Invegtigation of Protective Filters",Soil
Mechanics series No.7, 1940,publication of Graduate School
of Engineering, Harvard University.

Hinds, Creager and Justice,"Engineering For Dams"; John Wiley
& Sons, Inc.,N.Y.,1945, pp. 688,

War Deptt,,U.P.,“Principles and Mathods of beveloping tells

in Sand'andlsravel,“Wbll Drilling, U.8. Govt,,Washington,

Tech.Manual, T.M, 5«297 Nov.1043, pp. 192-208. .

Gupta‘P.N.,-“Desigﬁ'of Well 8oz Screens and Gravel;Pécks for
Tube-Wells." M.E.Dissertation, Central Library, Roorkee Uni-
Versity, pp: 84"'1240 '

Leather Wood, F.N.,and D.F.Peterson, "Hydraulic Head Loss
at the Interface Between Uniform Sands of Deffirent Sizesj
Trand.Amer. Geoplgsical Union, Vol.35, 1964,pp. 588-894.

Experiment Station, Fort Collins,"Selection of Gravel Packs
for Wells In Unconsolidated Aquifers", Colorado State Uni-
versity, U.S.Department of Agriculture, Technical Bulletin
66, 1960, pp. 1-12.



~143-

20. Lockman, John R.,"Selection of Gravel Pack for Wells In
Fine, Uniform, Unconsolidated Aquifers", M.S.Thesls,Colorado
A & M College, 1954, pp. 1~-19.

2l. Johnson, Edward E.,Inc.,"Development Work Is Essential",The
John;on Nat1ona1 Drillers Journal,Vol.30,No.l, 1958,pp.i-3
st.Paul 4, Minnosota. |

22. Gupta, P.N.and N.K.Dwivedi,"Selection of weil Séfeens And
Gravel Packs, and the ﬁevélopmenﬁ of Model Technique For
Design of Tube-Wells",Irrigation Research Institute,Roorkee,
U.P.,T.M, 31, R.R.(G=41), 1961, pp. 1-13.

23. Gupta, P,N.,Singh, R.B. and R.C.Agarwal, "Study of Compara-

~ tive Efficlency of Slotted Pipe Strainers, With Horlzantal
and Vertical Blot'Arrangemehﬁﬂ, Irrigation Research institute
Roorkee, U.P.,T.Mc=30, R.R.(G~-35), 1960, pp. 1-5.

24. Rose, H.E.,"An Investigation Into The Laws of Flow of Fluids
Through Beds of Grannulér Materials,® Proc.Instn.of Mech.Engg.,
Vol, 163, 1946, pp. 154-168.

25, Johnson,Edward E, Inc."Sand Studies Can Improve Well Design",
The Johnson National Drillers Journal St.Panl.4,M1nnesota,
MayiJune, 1963,'pp..8-10. |

26, Johnson, Edward E, Ine.,"Estimating Vertical Flow in Gravel
Envelope," The Johnson National nrillers Journal,St.Panl 4
Mime8°ta; Vol. 31, No. 2, 1959, PD. 5 & 110

i 300 S v



CHAPTER-V

TECHNIQUES _ FOR_IMPROVING
PERFORMANCE OF SICK WELLS.

ek ok ok o sk ek e




=144~

CHAPTER-UV.

5.1 ;ﬁzggp_gzlgﬂ, S0 far from Chapter I to Chapter IV
latost design aspects only were taken into consideration for
constructing a good tube-well fors

I. preventing un-matured and early failures and -

II. 4mproved efficient performance |

Fo discussion was made of the trouble which they give
during their life.

Though a tube-well can be constructed as much officient
and durable as the prevalling circumstances and the developed
techniqu¢s~we11 permit but still they fall sick many times during
their long serviceable life, And if no proper care is taken in
time to restore their vigour, then their productive capacity rapid-
ly falls and from the point of view of-economy they can then be
classifiod as partially failed or failed wells. In the irrigation
department of U,.P.Government, theso.wellsrwhose discharges areo %
less than 20,000 G.P.H. are called partially faided or tinproduc~
tive wells. Since the fube-well Irrigation Scheme is a commercial
are therefore, any reduction in yield of a well should require dvaw

keen attention and special efforts to improve upon.

5.2 Many State Wells, as can be seen from the survéy reports
(appendix B) were quickly reached to the stage of partially fail-
ed wells, 8Since most of the wells in the area were discharging
sand in large or small quantity, efforts were made to stop the
sand discharge somehow or other. ‘Tho cause of depletion of supply
vas naturally attributed as the consequences of sand discharge.

But the bochaviour of a sick well vhich has properly been designed
for a sand free dischargoe is totally different and distinctivo.
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8.3 SICK WELLS: The wells in which the draw down increase
faster than in other wells in the vicinity and when they loose
productivity are termed as sick~wells. The increased draw=down
incresses the pumping life, i.e., more work for the exigting pump
with a lesser discharge and logs of pump efficiency, the oﬁeration—
el cost goes on increasing as the time rolls eng and the profit
falls. Such situations are obviously #neconomical to permit and

can not be allowed to exist.

6.4 CAUSES OF SICKNEGS2 Chief causes of making a well sick
and reduction of its yleld ares-

I, 8Sanding off ( a condition in which the productive
zones are burried in sand).
II. Coarser lgyers are sealed off by the fines in the
formation.
11I.Development of obstructions such as growths, depo~
sits and incrustation in the screen performtions and
~ formations,

5,5 Sanding off can be ascertained by taking sounding and
sludging can remove this defect. Defects given in para (5.4 -II,III)
generally occur and both chemical and mechanical treatments are
Qmployed to remove them, Some times g reduction in the rate of

pumping is also recommended.

5.6 REDUCTION IN RATE OF PUMPING: The chemical balance of

the ground water is upset by changes in temperature, pressure and
flow rate induced by pumping and by pressure difference occuring
across the screen openings. This ceauses the dissolved substances
to deposit on and ground the openings. A rate of reduction will
naturally retard the process of ilnerustation but actuglly this is

no solution of the problem specially for commercial wells.
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5.7 CHEMICAL TREATMENTS: To gtismeftoe dissolve or dislodge
clogging materials or incrustation on the screen or in the sand
surrounding the screen, chemicals such as acids, chlorine and
sodium hexametaphosphate mey be added to a well. Acids are to be
used only where the metgl of the sgereen will not be affected by
them.Some of the acids to be used with different metals are given

belows
Acids. Metals,
(a) Brass or Bronze. Muriatic acid.
(b) Iron, Nitric acid.

Acid treatment of the wells has already been discussed
in detgils in chapter III.

6,8

Previously acid
treatments as discussed above were considered to be sufficiently
effective in curing sick wells, But special care was required to
handle them as they u were very active and dangerous. The quest
for better chemicals, therefore, persisted. Rocently chlorine
(1,2434445,647,48,9) has come in wide use for restoring the well
supply than acids. Chlorination of wells is extremely effective
vhen used gpecifically for the climination of bacterisl growths
that clog well stréiners, the areas immediately adjacent to strai-
ners, the pump bowls and the piping leas@iing to the surface. By
this method it has sometimes been possible to restore the original
figure of yield from wells where the ground water level has not
much chaﬁged (1) Chlorine mixed with water makes hypochlorins acid
which attacl¢s calcareons deposits (2).The chlorine, therefore,has
got more general application in reclaiming wells than is commonly

supposed (3).

6,9 P ES_OF ORINE WELL TREATMENT: Chlorine
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is about 2.5 timesheavy as alr at normal temperature and pressure.
Chlorine is neither inflammable nor explosive, but it is very
corrosive in presence of water. It should therefore, be handled

carefully. It is relatively expensive.

5.10  BACTERIAL GROWTH3 Watér slimes, oriorganic deposits,
usually consists of mucilaginous mixturelof capsulated bacteris,
;ron and manganese present in the water tend to favour the growth
of iron and manganese micro-organisms popularly lumped together
under the designation "Crenothrix",(4). Thepe iron and manganese
bacteria and some times aluminfium bacteria together with high
forms of miero-organisms which méy abound in water itself, tend
to choke the openings of screen and other water handling equip-
ment,

5,11

Besides, promoting bacterial growth, the commenest form

in whiech these metals occur is in the reduced State, as ferrous
‘bil-cerbonates or manganous bi-carbonate. These divalent bi-carbo-
nates are Colourless Compounds which exist only in solution and
are quite oftenly found in deep well waters (4). Another form
of secondary origin and which is applied zk almost entirely to
iron, is in the form of suspended, insoluble higher oxlde formed
by corrosion of well screen and casing by aeration of water con-

taining ferrous bi-carbonates,

5,12 ACTION OF CHLORINE: Chlorine readily attacks the
enzym system which ig extremely vital to growth of bacteria and

thus destroy it (8). The di-valent carbonates of iron and manga-
nese are oxidised in presence of chlorine and is removed by subse-

quent settling and filteration.
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5.13 POINT OF APPLICATION OF CHILORINE: The Chlorine in
the form of gas or liquid is introduced at the bottom of the well.

When applied at this point, Chlorine comes in immediate contact
with the sand and gravel surrounding the screen, the screen, the
pump and by diffmdision with the.piping‘aboye thevpump.yThe wellg
are pumpgd uhile‘the Chlbriné is being'fed in gna then gllowed to
stand for 12-24 hours for thorough soaking by well - Sometimes
assisted by slight surging. This practige forces the chlorinated
water into the sand and gravel surrounding the screen, When the
wells are heavily treated with chlorine, it should be followed
up by dechlorination with sulphurdiéoxide and flushed before rep-

lacing in service.

5.15 PRECAUTIONS: Overdozing of chlorine in any one opera=-
tion must be_prevegted. Chlorine injection can be repeated if the
situation so warrants. The pH value must not be allowed to fall
below 4 in any case otherw1se the screen may be got damaged due
to action of hydro-chloric acid.

5,16 ;;LUSTRAEIQngz Inprovement in yield and efficiency

of wells has widely been reported in U.S.A.Technical Literature.
The effectiveness of chlorivation is well demonstrated by follow-
ing few examples: |

(1) The capacity of two wells of University of Illinois,
U.S.h4y(6) reduced to 268 and 45% of the original capacity. Acid
treatment could not improve the capecity materially. Afterwards
chlorine was injected which improved the capacity of wells upto
00%. |

(2) Case history of a well (1) which was constructed
in 1934 4s shown in figure 5.16. Within 4 years, its capacity

became so low that it was considered as useless, But afternate
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treatment with chlorine and flushing improved the yield very near
to 4ts original capacity. o
5.17 Chlorine treatment-as discussed above, has been proved
to be relatively an inexpensive means of improving the wellq,and
pump capacities and ove?all‘efficiency-af the plant. It may, some-
times, bé'sﬁpported byrtgeaxment. The cost in most cases will be
'found to be léss than the cost of pulling the punmp and the period
of shut down is also likely to be comparatively shorter. It should
‘however, not be used without determining the trouble to be remedied.
Chlorine treatment has so far not been tried on sick state
irrigatipn wells. In appendix B, 1t will be seen that there is
a large number of slotted wells whose ylelds have gone down suffi-
ciently without any visible cause. These are good cases for chlo=-

rine treatment,

v ) L -
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5-18.'QAL§QH_EBEAIﬂEHEE Besides acild treatment,‘chlorinatioﬁ'
of wells was found to be an effective agent for improving the per-
formance of sick vells, and specially in cases of acute organic
growth, Apart from bacterial growth, frequently the fall in capa=
city of a well is caused by plugging of gcreen or the water bear-
ing strata around the wells with minerals deposited from water,
with natural clays, silt, iron oxide or'caloium carbonate along
with 1ron bacteria and slime forming organic growth. To meet this
problem, a glassy phosphate named CALGON (chemically - Sodium
hexa = metaphospate) has been developed (10,11, 12). Calgon treat-
ment is ﬁseful in two ways. -
1. It}helps;new wvells to produce at the maximum output
consistent with practical limitations of draw down.
II, It helps in rehabilating old wells whose productive
capacity has fallen.

65.19 JLLUSTRATIONS: Successful treatment of sick wells by
Calgon has widely been reported in U.S.A.technical literature
and its use revived many old and sick wells., Out of many examples
the following few typtcal examples clearly demonstrate the effec-
tiveness of Calgon treatment. ‘

A well in Baltimore, U.5.A. (I1) whose specific capacity
dropped down from 225 g.p.m. to 150 g.p.m. in one year was treated
with Calgon and the Capacity increased to 275 g.p.m. withoup increa-
sing the draw~down. Similarly, the output of a ten year old well
was increased from 220 g.p.m. to 330 g.p.m. the original discharge
of the well, after Calgon treatment (I%).

620 PROPERTIES OF CALGON: Calgon contains at least 678 Py0g
and is produced by a thermal process from soda ash and grade

phosphoric acid. In 1 p.c.solution its pH value is 6.7 to 7.0
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and i1s therefore mmm neutral. It is easily absorbed on the metal

surfaces and thew oxides and salts.

ERTY._QF CALGON3 Most important and the
fundamental property of Calgon is itsp pronbunced ability to dise
perse finely divided metal oxides and salts ineluding caleium cer-
bonate, clays and similar materials vhich are commonly found in
ground water., §Some more materials (10) which ere dispersed by &
Calgon and are subsequently removed from the wells are listed
belows

A morphous 8ilica, Hydrated Ferric oxide, Iron Carbonate,
Calcium phosphate, Magnesium Silicate, Celeium Sulphate, Ferric-
oxide, Magnesium Silicate ete.

5.22 Some minerals like Calcium Carhonate and Iron oxide or
Carbonate can easily be dissolved and subsequently removed by acid
treatment but most of the above (para §.22) minerals found dissolv=~
ed in water will not respend to acid treatment. Calgon, however,

has been found very effective in such cases.

described belowin

(1) It forms a thin f£ilm of phosphate over the metal

The action of Calgon 18 manifold as

surface which prevents g¢orrosion.

(2) It prevents the precipitation of Caleium Carbonate
or lime scale,

(3) Complexing and dispersion gbility combined with above

properties prevents precipitation of dissolved iron

in iron bearing vater.

65.24 tith the pump and all other

equipment left in place, the chomicel is poured into the well
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undor stationary conditions and %%n is allowed to remain there 2
from 24 to 48 hours. During this period the pump is turned on and
off 10 or 12 times at equal interval for furging. If surging

is not possible then chemicals.are to be left in the well for about
a wveek. Surging is done in such a vay that water is raised to

the ground level and then is allowad to drop back into well. Thin

action forces the calgon solution out 1nto the formation through

well screen.

6,26 Thélresultaht‘cﬁuxﬁing agtion helps the calgon to loosen
and dispeise the 6eposits on the screen and in the formation.
Calgon is comparatively a slow acting éhemiéél Substance than
acld and therefore require a larger contact period for 1ts comp-
lete action., The entire process is repeated again and ggain till
ho furthér improvements are observed. General;y two or three
charges are sufficient. The well should be th&:bﬂghly £lushod

betore putting into service,

5 26 thnzlmxgﬁ Generally 16 « 30 1bs of Calgon with one
. or twu lbs of hypochlorite are used for each 100 gallons of water
vvin the well casing under static conditions. Hypochlorite is added
to accelerate the removal of crganic growths from the well(10,11).

5,27 AIVANTAGRS: Glassy phosphate is harmless to either
__metal or concrete (9) during the short contact periods employed
»in treatment, whereas the acid aztachs the metals quickly. There-~
fore in Calgon treatment, the wells pan be cleared leaving the
pﬁmping equipment in place without any risk of its being éamaged.

This results 1n reduced labaur expanses and shut~down.

5.28 DEVELOPMENT OF WEILS: Since the glassy phosphate io

—  ecanable of disvensineg and conseauent removal of clay and other
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substances, it can naturally bo used for initial developments of

nevw wells.

5, 20 Eaggggggx; calgon treatment ia not a permanent cure
and has to be applied as the situation requires. But, houeVer, -
it has been reported that periodic cleemings are more convenient
end useful then attempts to meintain well eapacities by continuous
glase phoephexe feeding.

5.30 gggggg From data m of welle of Uttar Pradesh (Appendix
B), it will be seen that yield of many slotted and strainer wells
haye decreased considerably. Fo action to improve their discharges
could be taken except of fitting a high eapacity pump in most
ceees. In eueh cases where draw-down has also gone down and puhp
sets. are in satisfactory conditions, Calgon Ereatment 15 expeeted
to inerease their yeilds.

The wells can alsc be redeveloped

by mechanical metheds such as surging, air lirt, dry ice treatment

and awabbing.. Swabbing accompanied by air 11ft has been found to
.be mest effective mechanical treatment (13). But all ‘these methoda
are alow and costly. mhe shut down period 15 generally large and

the results are short lived.

Mechanlcal metbods as described in

para 5 31 above vere not found effective and were quite trouble-
some, Chemical treatment is chiefly aimed only at the epeeific
type of growth and 1s only mildly effective on incrbstation. It
is ehort lived also, Speeiel eare has to be taken in using etrong
eeids es they are very destructive to the metal of pump and well
casing.Better methods for improving the performance of sick wells

wvere, therofore, constantly searched out by experts.
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. ‘ From discussions in prececding
paras, 1t will be seen that exact requirements and object for
redewelopting the wells were-

' I. Maximm Efficiency with minimum cost.

'II. Minimum danger to the equipment and well structure.

.'4III Minimnm shut down pariod.

o ‘Besides mechanical and chemieal traatments of wella,

explosives were sometimes used for 1mpraving the performance

‘of wells. But“the results were not satisfactory due to its high
 ; pover. 1In some cases, casings gave vay under high pover develop-
.-led:by detonauor9 or P.E,T.N. and the walis compietely falled,
Hawevér affer long search and cbntinned offorts a technique has
4recent1y been developed in U.8.A. for revitaﬁizimg of wulls by
| ‘v1bration explosive methods (l& 15 6 ). Original objectimn of
the vibratory explosive method was redevelopment of sick wells
;by removing 1ncurstation or fines at perforated areas but it has
‘valso been found very effective on new wells for 1nitia1 develop-
‘ment work, |

4 5;35 *gggggzggg;gggg A summary of benefits to 7 wells
1mcated in Southern Caiifornia,ﬂ.ﬁ.a. is given in fig. 5.35A.
Improvements in dramudown of these wells is shown in fig.S5. 353.

- The improvement in. prodnction and draw-down for Beaumont well

'»4A is given in fig.‘6e350.-

A atudy or these tests revaals the effectiveness ot vibratory
explasive method which permits the pump to operate near designed

efficiency.

5.36 EBZNQIELEA The vibratory explosive method is based
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on controlled release of explosive power of P, E T +N. . The heat

of oxplosion of 1ft. i.e. approx. 2 gn. of PETNL2880 $s Cal.Explo-
sives are comgércially arailable as low as one ninth this strength
{320 Gal.per'gm). Thus if the period of'explosion 1s 1ncreaséd

to 5,000 times and 1fs power decreaSed'to 1/9th, the encrgy of

45,000
lies the aafety of the vabratory xplosive method fer uge on

explosive can be reduced to _ ; that of PETN. 1In this féct
tube-wells. | '

~ In vibratory explosive mothod, a series of closely
spaced, small charges are fixed at accurately timed intervals
with the result that a serios of small blows continued ovex a

large period of time 1s obtained. .

5,37 gggg;@;gxggg_ggglgmé Cole (13) studied the effects

of large quantities of gas genorated by undar water explosiona.
The resu;ts of these investigations were released to publie in
1948 only due to socurity restrictions. He observéd fhat gas
bubble forces the water to move away so rapidly that are after
flov, or enlargement of phe bubble beyond its normal capacity

is produced, But the hydro-statioen pressure surrounding the
“bnbble gasilyvover~bomé ﬁhe inflatod condition and'the‘bubﬁle,
soon contracts. Bubple_exﬁandé and contracts 10't1mes, on an
average bofore the energy 48 substantially exhausted aé a'single
- expansion. Thus for each shot water is forced in énd;but,through
the porforations of screen of well, f0=times for each shot. then
one cycle is completed, second sories of shot is fired and so on.

The time can be varied by moans of special firing mechanism.

| RLARG) 3¢ 3 It 15 always possible to conm-
putc the safe amount of explosive for redeveloping the vells by

the folloving two woll known formulas-
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1. Bursting otrength of pipos in vhich tho cxplosive
is to be used can bo ascertained by Barlow's formulan.
1I1. Pressure developed by an oxplosive confined in a tubo
vith water both outside amd inside the tube can bo
~ calculated by Franklin E.Rosch formula.
Thus just emount of oxplogive to dislodge or broake-up any
incrustation or othor material and vash them frec by moons of
bubble cycle ean oasily be caleulatod. |

6.30 [BIEDDT Spceinl oxplosives nro spaced on various loads
o corrospond with the porforated aron. This preporod firing
string is suspendcd inside the well i easing vhileo the punp i
still in position. After the firing linc is fixed; vacn the oxplo=-
- 0lvos aro opposite the porforated area, the chorgos arce dotonatod
at proee-doternincd intervals by o speciel firinz mochonien.

The oxplosion produces o continuousn series of shock wrvos
of rclatively long duration that nay be uscd in verious cesings,
yot aro posorfnl onough to shatter and dislodge obstructions in
tho porforntions and or in the surrounding formation.

5.49

13, In novly eonstructed wolls,
vibrotory oxplosive opens nev passages bocouse of re-arrangement
ot cquifer which would have otherwise mot boen rvailable by ordi=
nory development mothods. It has been reported (15,16) that yiold
from the wells dovelopcd by vibratory cxplosiVe ncthod was more'
theon ordinarily doveloped wells in the same aquifcer.

5.41

Tho follouving pdvantages have been well ostabiishcd of

this mothodse |

1. Dofinito and prolonged improvenent can be achieved
safoly. l

2. Propcr uso of cxplosives nakos thom loast oxmensive.



It requirod the shortest shut-dowm time and producos
minimum disturbance to the pumping unit. ,
Indiscriminate use of the method is Very dangerous to.
property and can ruine the well.,. .. - S
The vibratory ezplosive method which has. been claimed
to be very effective in revitalising the old wells 1s a patent
method heldfﬁy We. Norman A.Mcleod California,U.S.A.

| 6,42 §ggg§313 ‘Prom the survey data (appendix B), it was
found that almost no efforts of any kind_vére made to improve
the yield of old wells snywhere nor eny such efforts are being
taken at present, Iﬁ appears, that this happened due to the‘fapt
that engineefs were always pre-occupiéd ﬁith the problem of stop~
ping sand discharge vhich appeared 6n a majority of wells,vhethor
theylwere_stréinEr type or gravel pack slotted type wells.Dople~
tion of supply wes generally attributed to the dofect of sand
discharge; A list of working wélls which wore surveyed and on
which chlorine injection method or calgoh treatment can be

adopted'profitably is given in appendix C.

5 43 Vibratory explosive method though extremely effective
and efficient will not be posaible on agricultural stta&ner type
wells due to its very fragile nature. These strainers will not
with-gtand the explosive force and the well will Ee lost.‘

5.44 As and vhen improved tochnique of well construction
is adopted and sand free wells are made, then theme techniqueos
are bound to play their important role and will thus save many

unmatured failures of sick wells.

- e 30 00 Farmwwns
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PREVENTION OF FAILURES OF TUBE-WSLLS AND STUDY OF
RECENT TECHNWIQUE OF CON3TRUCTION FCR
PRO PERFORMANCE

After independence, there has been a phenomenal
quick growth both in agricultural and industrial fields in our
country. The demand of water both far agriculture and indugtry
has increassed manifold. At present, due t0 near exhaustion of
econonmlc sources of wvater like lakes, reservoirs, wivers, etc.,
it has become imperative to harness ground water by tube-well
pumping. Prevailing rates of water supply rrom tube~wells in
Uttar Pradesh state do not compare favourably with canal rates
hence its use has not developed g0 much as it should be. The
main reasons for the scheme t0 be costly aa revealed by the
purvey data (refer appendix 'B') collected by the author are:

1. Average life of wells ih‘thie state is very

low. It is 16 years as compared to 40 years

approx. in U.5.4. in similar formations.

2. There ig a high incidence of uhmatured
retirements and failures (fig. B, in App. B).
The maxinum life of strainer vell as observed
from data collected ia 25 years vhile the
average life is only 16 years. (refer App. B).
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3. Due to sand trouble on alwost every woll, the mainte-
nance cost as weil as tha‘energy cost 1s congiderably
increased vith loss of revenue. Revenue from an
ordinary screen well is B. 300/~ por ysar as compored
to e 953/~ per year from a good designed and better
sereen woll (refer appendix A).

The cost of water from tubee.wolls can naturglly be
reduced substrntially if the above shortcomings are somehow overcome,
This can be achicved, if, every component of a woll 1s properly
analysed and scientifically designed. As a matter of fact, a well 1s
Juegt 1like any other engineering problem and calls for considerable
aﬁtenticn to 1t. A proper study of formation in which a well is to
be loeated and the design of woll structure according to formation
qualities, henco, is very important,

On correct intorprotation of physical and chemical
properties of formation, depends

1+ The yleld from the well

2 future troubleg and

3, Life of a well
For a scientifie good design, the following tests

(refer chapter I) should invariably be carried out vhich were not
done hithertofore.

1« Sleve test for each layer of form~tion to determine
the physical proportiocs of sand and consequent design
of screon structure,

2. Permeability test to dotermine the eapacity of well,

3, Chemical tost to determine tho quallty of water and
consequont solectioh of propor material and subsequont

preventive operation (refer chapter V).
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Besides the above tests, a careful prewstudy of water
table contour map is also very helpful in correct loecation of
wells (refer para 2.24 to 2.,26). Such a maﬁ immediately reveals
thati-

1. A crommed and steaply riging water table contours
indicate a fine formation not suitable for well
construection,

2, Flat contours show a coarse formation,

The exploratory tube-woll orpanisation of Govt, of India,
it is learnt, has started preparing such maps but these have not
yet been publlshed.

The pre-study of water-table and ground contour map may
also in some cascs holp in averting an un-necessary gpenditure
on oporational cost (refor para 2.28 to 2.30)

Yhen the gbove formalities have beon completed, the
question arises vhether the well should have a stralght screon
or should be gravel pack. Though a gravel pack wall gives a betier
performanca; but {ts use should not be resorted to in every case
as its construction is costly and calls for better technique and
special costly tools. Its construction should be confined to those
cases 1n vhich the requirements as detailed in para 4.16 to 4.18
aro not fulfilled. Tubeewells should generally be constructed of
straight screen type.

Whether a woll is to have a straight screen or slottoed
tube screen, the proper des'gn of both types of screon is vory
egsontial for batter performance and longer life. Tha solection
of a proper screen is a very complicated problem as discussed in
dotail in chapter III. The following requirements should, howovor,

be saticfied by a good screoh.
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I) It should be strong enough and should provide a maximum
open area  (refor para 3.32, 7%.39,3.40,3.47,3.48,3.145 and 3.149).
The velocity of flow into the sereen should not be more than 0.9
ft. per sec.

II) For minimum head loss, compromisze should be made in
secreen factors C,L and D such that S%?'> 8. (refer para %.25).
The value of factor Q% ¢an be worked out only vhen value of C
is known for which further investigations are needod as deeeribed
in chapter,IiIo

1II) The screen openings should be of such size and chapo that
it would respond to surging and deveiopment works (refer para 3.41,
3.1563, 3.154) 5o that maximum amount of water is trensmitted with
loast head loes. V typos of openings are most suitablo.

IV) The material golocted for the screen should have 40 to
50 years of useful lifo. It sghould not deteriorate by corrosion and
chemical action of ground water or by acids used at a later stago
(refer para 3.106, 3.120 to 3.,122). A woll dosigned and corrosion
resistant costly screen is definitely a better investment (refer
appendix 4).

In gravel pack wells, the general trouble 18 of sand
discharge, chocking of strata by fine sand movement and consequent
fall in yleld and hoavy maintenance cost. In order to avert thege
troubles and to havo a prolonged life of wells, the following

roconmendations aro mada.
1. Sand analysis of cach strata should bo carricd out
(rofor para 4.21, 4,39 to 4.41).
2. OGravol size ghould match the formation clzo (refer
paras 4.24, 4.30, 4,39) |
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3. Screen should be designed for minimum head loss. The
velocity of flow of water into the sereen should not be
more that 0,1 f.p.s. And if the value of factor C is
known then E% > 8 (refer ssction II of chapter III)

4. Well should be developed thoroughly for minimum formge
tion loss and maximum yield (refer para 4.3 to 4.38),
After complet;on of constructional and development work

of a well, a draw-down test (refer pars 2,36 to 2.46) should be
made. By this ﬁethpd it is possible to seperate the two components
of losges (1. formation loss, 2, structure loss). Any such subse-
quent test will reveal the source of trouble and remodial measuros
to remove 1t can be chosen corroctly (refer chapter V),

Though a well can be constructed sufficiently efficient
but still during their life they fall sick and their productive
capacity falls (refer para 5.1). As soon as the yield of a well
falls and 1ts drav-down inereases in comparison with other wells
in the vicinity, with no apparent eause, then chemical tests
should 1mmediately be c¢arried out to determine the nature and
oxtent of galts presenﬁ in the water, In order to restore their
full vigour, the following methods have been suggested.

1. In cage of bacterial growths or the presence of Iron
and Maneswm carbonates in water, chlorination of wells
as described from para 5.7 to 5.17 will be useful.

2. then minerals and salts as detailed in para 5.29 aro
presont in water, calgon treatment as doscribed from
para 5:18 to 5.29 will be most effective.
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In case of severe gickness whore the well does not
responds to above two treatments, vibratory explosive
method ag discussed in paras 5.34 to 5:41 may be
employed. It must be noted, as stated previously, that
the present screen structure = agricultural strainer -
of state wells is not strong enough to uithsténd the
shocks of vibratory explosive method. Ingtead of
improving, the woll will bo completely ruined.Therefore,
this method shoudd only bo tried vhere strong screcns
as discussod in chaptor III have beon installed.

In short the recommendationg for constructing a tube-

woll of good design and consequent improved performsnce can bo

summarlised as belows

1.

2

3.

4.

Be

.6’

Contour map of the area vhere a well 1s to be located
should be prepared first,

Sieve tost for oach layer of formation should nocessa-
rily bo done to determine the design of well structurs,
Pormoability tost should be carried ocut to determine the
ﬂall ¢capacity.

Chemical test should be carried out to determine the
quality of water in order to gelect propsr materials for
vwell gtracture.

Straight serecn typo wells should genorally be constmetod,
Gravel pack wells should be undertaken only in cases whoro
conditions as deseribod in para 4.18 to 4.18 are not
satisfied. |

For minimum head loss, the voloeity of flow of wator into

the screen ghould in no case he morg than 0.1 f.p.s.
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As far as possible V type openings of screen should only
bes chosen for better effiaiency.

Bettor sereen materials, gach as stainiass.steel53vardur
or Monel material should be chosen vhere the situation
S0 warrant s, , |
After completion of constructional wbrk, a draw-down
test shall bé carried out carsfully land rosults so
obtained shall be kept carefully throughout the life

of well. It will be mdst halpful in determining futuro
sources of troubles, |

As soon as a well fall sick, sclentific investigations
mist be done and treatmonts such as chlorine injection
or calgon treatment should be carried out for more
gevere cases and where the gereen 1s sufficlontly
strong, vibratory explosive treatment which is g sure
treatment may be tried te reovive the wall.
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APPENDIX YA

The cost ahalysis of a pood desipgned well screen and a
cheap screen has been based on two important factors from the
point of view of econ;my:

i. average 1life span of the weoll

I, average fall in discharge.

Thus 1f theré is vory little fall in yield from the well
over its entire 1ife and also 1f the life span 1s groater than,
naturally, the well working will be comparatively choap,

, 3. The average life of agricultural typo
strainer well and slotted well as revealed by the survey(réfer tablo
of general performance of Agrl., strailner well enéd—sletied—yoll-
appendix B) is only 16 years snd—ysors-nospoetly at present. The
average life of screen'and slotted wells in U.S.A. vhere surveyed
in late forties was found to be 30~35 ysars. From the develommonts
being made at that time, dofinite opinion was expressed by'ﬁany
tube~well experts in a panel discussion in U.S.A. in 1946(1) that
there was no reason vhy the 1ife of a screened well could not bo
increased to 50 years. Sinee then knowledge of botter materials

and science of woll has greatly increased, hence it 1s supposed
that the average life must have been greatly improved upon. by now.
The average life of wells at present ig 16 yearg and the maximum
1ife 1s 25 years which 1s very poor: Our aim for the future wells
must, therefore, be to make them serviceable for about 50 years.
For cost analysis purpose, howsver, being on very conservative side,

a modergte life span of 35 years only has been taken.



¢ Survey rovaaled

(refor appendix B) that on falled wolls, the averane fall in

di schargo por year in 16 years was 6,300 gepshs Tho vhole of this
' fall in dischargé can not, possibly, be attributed to defects in
sereen only because the behaviour of formation also comes into
pieture, Let 1,600 g.pshe fall in gverage dlscharge be due to
formation clogging and the rest 4,800 g.p.hs average fall in

d1 scharge be dus to secreen defects sach as incrustation, clogging,
corrogion and sand pumping.

It will be seen that from a good and strong screen, it would
have been possgible to resotro the original supply and in some cases
even moro by treatmonts like calgon and vidratory explosive methods
provided the reservoir 4id not deplete. But due to vory fragiblo
nature of tho strainer screon employod at presont, these methods
¢an not be employed.

Also from a good secreon, let ug ascsume an average fall in
di scharge of 1000 g.p.hs Tho net £gll in discharge due to only
cheap sereen will, therefore, be 3800 g,p.h. Expressing in tgbular

form:

I, Avergge fall in discharge from a cheap screen -

well per year (from survey datia) - 64,300 g.psh

II, Avorage fall in discharge dus t0 reasonsg
othor than gcreon - 4,800 g.p.h
“o Avorago fall in dischargo from a cheap scrcen - 4,800 g.psh

Anticipatod average fall in dischargo per
yoar from a costly screem well 1,000 g.p.h
«« Comparative average fall in discharge from a cheap

scraon (now in use) well

35800 gopohq
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OPERAT IONAL COST - CHEAP SCREEN

(a) _Qggg_g_g;m_gggﬁ: From sinking fund méthod, the amount of

depreciation allowed per year ig given by the formulas
D — \J ( V-V, )
T UevY-

vhero Y = rate of Interest per year
V = Original cost |
V4= Ealvago valua
n = mumber of years.
Assuming salvage value to be nil in both the cases §f cheap

screen and higher pricod screen, the formula reduces to

L
(teyd -}

Capital Cont ¥
For a 33000 g.p.h. woll 300 feet doap,
cost of boring, set and other items approx. = k. 15,500/~
Cost of strainer now in use 100 £t.@ ™.25/-
per ft. o = Rse 2,500/~
.. Total capltal cost V of a strainor vell = 5. 18,000/-
Life of strainer yell n . = 16 years.
Rate of Igg' terest = 4%

«» Rate of deprecliation of a cheap stralner well psr year

s (1+.,04) 164 0,87

= Rss 830 per year
() Blectricity costs The present tarrif of electricity in the
gtate is ke 150/~ per year per B.H.P, installed plus n.p. 5.5 per
unit consumption. '
B.H.P, raquired for a 33000 g.p.h. wall to work against a
head of 50%, assuming a pump efficiency of 609,
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= TS
= 13,9 say 14 B.H.P.
»% Fixed electricity changes for
{4 H.P, @ k. 150/~ per H,P, = K. 2100,

100
60

Units congumed for 4000 average running hours for 28,200 g.p.h.
discharge {(average fall in discharge from a cheap screen was
4,800 gnp-fh)

= 14X 248 x 4000 28,200 T
000 * 33600

= 3.6 X 106 kv Hr,
Cost of units consumed

ol
505 no.pojktf Hro = MW
= B5. 1980.00

+% Total Electrieity charges per year
= 2100 + 1980 = 4080
Say K. 4100 por yoar
(e¢) Interost on capital @ 4%

= 18000 x .04 = k. 720/~ per year
(d) Overhead charges including staff
- per well per year ~ say = Iss 800/=- per year
(¢) Maintenancs and repairs per |
wall per year | = Rss 300/« per year
s Total oparational cost per yegr'
(a +b +¢c +4 +¢) = 5 6750/« poer yoar

Ravenne: The average yleld is 28200 g.p.h. for 4000 Hrs,
running, -

% Total yield' = 28200 x 4000 gallons
Tﬁe vater cost k. one for every 16000 gallons

o Revenue per year =

= k. 7080/« per year
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SAVING
Net saving por year per well .= 60 « 6780
= Bs» 300/~ per year
Rate of Returns

s Bate of roturn on capital from a well vhere a cheap
sereon has been installed = 300 _ 5 100
18600 ©

= 1,67 95

OPPRACIONAL COST - HIGH PRICED SCRERR

Capital costs

For a 33000 g«.p.h. well
300 feet deep, cost of boring, set agnd other

itemg approx. = k. 15,500/~
Cost of 100 feat good screen @ Rs. 100/~ per
toot, = R. 10,000/~
« Total capital cost V of a good screen well =P, 25,500/~
Lifg of n rood screen well n , | = 36 yoars
of Anteregh = ' = A%

+% Rato of depreciation of a good screen well per year

Dan = 294X g‘%‘ggm
Se (14‘004) - 1

i

= Kse 346.00 per yoar

() Electricity cost

B.H.,Ps required for a 33000 g.p.h. woll
of 608 efficiency.

it

14 H.P,

+% Fixed electriecity charges for 14 H,P,
@&‘u 150/" per H.P. ' Y = R3e 2,100/"
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Units consumed: In a chéap screen well, the average running
hours as revealed by the survéy data are 4000 Hrs, per year at
a d1lscharge of 28,200 Hrs per year at a discharge of 28,200 g.p.h.
Therefore total water pumped during one ysar

= 28200 x 4000

= 11,28 x 107 gallons |

But in the case of a high priced screen, the average fall
. 4n discharge has been assumed to be 1000 g.p.h. and therefore the

average yleld will be 32000 g.p.h, |

| «% For the samevdamand‘of‘watér, the average running hours
of g good screen whll will be
7

55550 = 3500 Hrs.

o Units cansumodm

= JA X 748 ., 3500 _ 32000
j000 % 33000

= 3,66 x 10% Ins Hr

8, Cost of units consumed

-

@ 5.8 n.p./kﬂ Hr = 56 04 ]
100

= fse 1960/~
o Total Electricity charges per year
| = 2100 + 1960

= B, 4060/

osat Lot by employing a well
designed sercon and subsoquent propar -developnont, the improvement
in deprogsion be by 1.5 fest on an average. For an average discharge
of 32,000 g.p.h. and 3,500 average running hours, the saving in
running cost will boe gs followss
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S e o * 160 * Teo x ¥ = gk
= Rse 539/~ per year
Say ré-. 54/= per year
(@) Interest |
Interest on capital @ 4%
per gnnum - 25000 x 4 =Tss 9020.00
(o) Qvarhend
ineluding staff per well per yoar{less

arpant Overhead charges .

maintenasnce staff will be roquired duc
to lessor troubles), say | R 650.00
(£) Mg irgs - Cost of

maintenance and ropalrs per well per

yeayr {(due to good scroen thero will be
less trouble hence less cost) say ﬁ. 78 .00
RN Tobai operational cost per well per yearl(a +b - ¢ + d+0+f
= 346 + 4060 - 54 + 10X + 680 + 75 = K. 6097
Reyonue 3~ It will remain the same ap that from a choap screen
well, because the total quantity of water pumped in both the
cases remains the same,
+v Revemne per year = }g. 7080,00
SAYINGs Net saving per year from a properly designed good
screon well 4s 7080 - €097
= 5. 953,00 por year.
to of Re ¢+ Rgte of return on capital from a well vhere a

costly screon has been installed is

=955 x 100 = 5.3
25500x 3.73%

?
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From the foregoing calculations 1t will be seen that excass

profit earned by a high priced and well designed screen per year is
Re (953,00 - 300,00) =R 653.00 per year
Rate of return on k. 7000.00 g 833 . x 100 = 9,34

The caplitaiised value of the profit earned in 35 years at 49
interest vwill ba '

953 x 41044 ‘

= 953 x 2,95
.04

= Rse 70,210.00 approx.

Thus it will bs seen that the capitalised value of the excess

profit esrned by one such well is sufficient to finance two good

desipned and costly wells vithin 1tes anticlpated average life.
COMPARK TFMENT_OF COST ANALYSIS

%ﬁ 1tem

~ Cheap ordinary  Costly good Net Financial

Yo. gsereon in uso dosigned gain from a
‘ Bss secreen Rs. costly screor

—_— _ : . Der Yeal ..

1« Capital Outlay 18,000,00 25,500,00 -

2. Operational cost - 6,750,00 6,097.00 653,00
per year , ‘

3. Profit per year 300.00 953.00 653,00

4, Rate of return on 1.67% 3,733 2.06%
capltal ocutlay ,

6. Capitalised value of G450 70,210,00  ©3TGo w 35 yx
profit earned by the

wall

From the gbove discussions it will be seen that by

sinply investing K. 7000.00 more, we can get a return of k. 653.00 morx

per year over g period of 35 years 1.¢. rate of return on an investe

ment of K. 7000,00 is about 9,39 vhich is quite attractive. The over-

all rato of return from tho well is incroased dy 2.06%. Moreover the
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net profit earned by a good and well designed screen of a well
15 %. QAYGO 0Q.

The raté of;return on caplital outlay 1s lower because of the
electricity charges which are quite heavy in this state. To make

a tube-well scheme popular and more economical, the elsctricity
ehargeé will have to be brought downs



The slbtted Qeli 1s a very sturdy well., All treatmentg
for restoring the yleld can be employed on it and, therefore, its
original yleld can be maintained over its entire 1ife provided
that underground raservolir has not depletesd,

From the table of general performance of slotted wells in
appendix B (refer page 'S ), 1t will be seen that average fall in
yield per year per well over a period of § years average running
is 2,800 g.p.h, for an average 2100 running hours. The loss in
revenue due to fgall in yield is worked out as followst
Total loss of gallons of water pér year pumping period

= 2500 x 2100 = 5.25 x 105 gallons,
vater 1s sold at 16000 g.p.h. per rupes,

& loss of revenue = §42§;3;%2§.
16 x 10

= 3,28 x 10°
= e 328/
For pumping out the above quantity of water from the
well, the following expenditure has to be incurreds L
Operational charges of electricity at 5.5 n.p. per Ky He

=Tse 2500 x 10 x 5O 00 8 2100 ,
60 x 60 %550 ~ J‘s‘b‘z%gwx x%’é%

= Rse 86,16
Say PRs. 86.00 approx.
Thorefore net loss of revenue = 328 - 86
= . 242,00 per year.
Rote: The other items of operational cost vill remain the same
vhether yleld falls or not.
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Since there are very few casos of fatlures inm this type of
wells, therefore, they are expected to work for 35 yﬁars. And 1f
the £a11 in yield is not checked then the capitalised value of loss
of revenue per year aggsuming the ssme average fall over the entire
1life span of 35 years will be as follows:

Capitalised value of loss in revenue = 242 x ﬁlag%%zggzal

‘ 2,95
242 x XY

it

= 17847
Say Rse 17800/-
For hundred such wolls, the loss of revenue in 8B years
= 17800 x 100 = Rks. 17,80,000
The above amount of loss 1s, obviously, very heavy and
Jﬁstifias the attention vhich should be paid in designing a proper
gravel pack well as discussed in chapter IV of this paper.
Besides the gbove loss, from a good dosigned slotted

tube~vell, depression head will be less and vhich will result in
st1ll better economy, '
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PREVENTION OF FAILURES OF TUBE-WELLS AND SIUDY OF RECERT
TECHNIQUE OF CONSIRUCTIOR FOR IMPROVED PERFORMANCE

APPENDIX "B
SURVYEY REPORT

Data of about 300 state irrigation wells of distriets
Dehradun, Ssharsnpur, luzaffarnagar, Meerut and Aligarh of Uttar
Pradesh state was collected and eitically examihed in ordor to
find out the general performance of tube wells, causos of thelr
eéarly fallures and ugeful life as a result of precrent method of
'construction and dosign. Data of only 180 typical cases - 103
strainer tyﬁe walls and 77 slotted type wells = has been included
in this appendix of the paper.

Hethod adopted for ealculating (1) yield, (2) useful life,
(3} average fall in yield and (4) average running hours is as
folloyst

YIFLD: Only the represontative yield has boen taken in
column 8 of the table., This figure generally gives the yleld of
the well over the period indicated by the previoug and subsequent
year to it as included in ﬁhe column, This method gives a suffici-
ently accurate average discharge for the vhole useful 1ife of the
well,

USEFUL LIFE: For gimplicity, useful life has been calculae
ted by subtracting the year of construction from the year when the
last discharzo was cbserved. For axample, 1f the well was constructed
in 1952 and the last discharge was taken in 1964, then useful lifo
of the well is 61«52 = 9 years.
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AVERAGE FaLL IN DISCHARGE PER YEARs Average of various

representative discharges of column § of the table eicept the
initial discharge was § first calculated. Then this average was
subtracted from the original discharge. The resulting fipure glves
the average fall In discharge. For example, the initisl discharge
of T.¥, No. 26~ Meorut group 1s 31,161 g.p.h. The representative
di scharges of the subssequent years are

1946 =~ 128,199

1949 -~ 27,251

1950 - 24,083

1951  ~ 22,796

1955 - 20,348

3%355 - 17,300
Total of 6 observations - 1,39,977
¢« Therefore gverage representative yield

per year = Jd%s?l’l

= 23,329 g.DPeh
s Foll in discharge per
year s 31,161 - 23,329’
= 7769 g.pJhe
say 7800 g.p.h.

The fall in 41 scha'rges of walls have been rounded up to the
nearest higher or lower hundred figure as 1t 1g more or lessg than
B0,

VYERAGE RUNNT QUBSt It has been caleculated by dividing the upto

date hours run of the well by the useful 1ife of the wall 1.e. by
the figure of column 7,
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Bogides the above information, seperate tables have bean
prepared indicating the general performances of strainer fype and
gslotted type of wells as regards their average life, wminlmum life,
maximum 1l1fe, average fall in discharge, running hours, etc. on
group and distriet basis.

PIG.By - It shows the comparative average fall of discharge
and useful 11fe of tube wells for distriets of Meerut, Muzaffarnagar
Saharanpur and Aligarh.

FI1G By = It ghows the trend of fallurses of 6" Agricultural
type of wells of four above mentioﬁed districts. It wvill be seen
that after 16 years of age, the incidenece of failures increased
sharply as time rolled on.

| F1G.Bg ~ and FiG.By ~ These graphs show the representative
di scharges of tube wolls No.1 South Lol group and No., 24-A North
Loi group, These wells were &1scharging'sand in large quantity
(refer serigl and 62 of append. B). The perforated pipes of these
walls vere badly corroded in a very short perlod and large holes
vare formed {refer figs'leS) Large quantity of sand, therefors, was
pamped out which brought a quick failure of these wells.

| FIG.Bg ~ The graph shows the performance of slotted wells of

the districts surveysd. It shous the trend of fall of discharge ovor
various groups of running period. Since most of the slotted wells
surveyeyed are comparativoly new, the fall in discharge has not
been very substantial. But as the timo will roll on the discharges
are bound to fall very much,
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TABLE OF GENERAL PERFORMANCE OF 6%
AGRICULTURAL STRAINER WIRES

We of District Average iife Average fall Average

in discharge years Remark,

orut | 17 . . 64200 5,200 Maximum life=25 yrs.
zgaffarnagar - 15 . . 5,800 . 5,100 Minimum life= 7 yrs
hafanpar . 18 . . 1,700 2,600
1garh | 18 . 8,200 . 3, 200

Total 63 25, 400 : 16,100
B B | S— Y R—
Ingervice wolls ' ‘ |
erut | 11 8,000 2,900 Mdmimum 1ife=26 yrs.
gaffarnagar 14 6,800 &",Soo
baranpur 11 ‘7,900 3, 700
fgarh - - -

Potal 36 19,700 11,100

AERCE iR 50
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not yield any water. Sound=-
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APPENDIX "c

S eve test data of samples of sands from 16 stratas of wells
of various dlstricts is shown in the sccompanying table, All these
wells were provided with 6" Agricultural strainer type of screen,

Out of these 46 samples, cumzlative sand analysis curves of
12 stratas have been showm in figs. 3.434, 3.43B and 3.43 C. 4
large percentage of fine uniform sand is revealed in case of the
folioving sampless
T.W.Hoo 4,11,74 and -’?; « Dist, Aligarh
T.W.To, SO(B), 62,63 and 108~Dist. Meerut
T.W.No. 1(4) -Dist.Muzaffarnagar |

There are no coarse particles in the samples. This type of
sand is relatively poor wator azﬂ&ze producer and will be best
developed by artifielal gravel treatment.

Qumlative sand curve of T.hﬂﬂb. 66 = Dist, iligarh (Fig.3.434)
revegls a fine uniform sand with g small percentage of coarse
partiecles. A careful seloction of screen openings and proper
development work is requircd. Gravel treatment is not necessary
but 1t w11l be advantagetus 1f properly done.

Cumulative sand curves of T,W, No, 30(a) and 30(B) - Dist,
Meerut show a well graded sand with low percontage of fine particles.
This formation 1f properly developed will provide a natural treatment.
This typs of formation do not requiro gravel treatment at all.

Figure 4.41 shous § retaining sand analysis curveg of 8§ strata
samples on a seml log graph paper. All of these stratas wore provided
vith 6" Agricultural type of strainor. But from graph, it will bo
seon that all of these samples have a large psrcentage of fineo

wirtk uniform sand and, therefore, are not suitable for scroens,



Artificisl gravel treatment 1s necessarily required for them for
full development and yield, ' |

Dosign of artificial gravel pack for strata of T.W, South
Loi (3) 19 given in figuz-e €4 attachaa. |



- /8 -

SIEVE TEST DATA OF WELLS

~-do~ B

0.27

0.75

TABLE - I
m@fgﬁ;:mfm_ Dio oo Dgg  Uaiforalty
Noe To.We sion & Groud imetn. m.n mem  m2 coefficient
Yo, | | Dgo/Dyg

1 62  Aligarh{atraull) .09 0.235 0.25 0.3% 2,78
2 66 ‘edo~ 082 0,178 0.19 0.7¢ 2.36

3 108 wOw 069 0,145 0,18 0.25 2,32
+ 63 =0 075 0,16 0,18 0,28 2.4

5 63 ~d0= O7 0,17 0,19 0.7 2.M

6 74 ~dow 07t 0.265 0.285 0.4 4.01

" " ~do- 08 0.20 0,23 0.5 2,87

8 1  Aligarh(Morhar) 0.12 0,255 0.266 0,39 2.22
9 4 « (0w 065 0,18 0,16 0,19 2.61
10 15 ~do=- 0.12 0.185 0,19 0,288 1,58
§1 11 [ 0.16 0.26 0.28 0,36 1.75
12 %  Heerut(Dsha)d  0.095 0,23 0.27 0.4 2.84
13 % ~do=- B 0,23 0,37 0.42 0,67 1.82
14 1 ’?‘s:?&%ffi"éi Zr 0,135 0,23 0,25 0.38 1.88
15 1 0.42 0,47

174




' SIJ.

LIST OF SICK WELLS ON WHICH CH“MICAL OR CALGOH TREATLERT
(CHAPIER V) CAN BE TRIED AFTkr TEST.

TABLE II

" AGRI, SYRAINER WELLS
NO.

*

L. % 6" SLOTTED TUBk TYPE WELLS.
0

8
N L .

. W, JINITIAL TATEST .
§ NO. gsmcmc SPECIFIC

0
I 3 3 OV PR YN
g « | SPECIFIC gsm:mw
i DRAW~DOWN ) DRAW-DOWN
G.PM. 0§ G.RLM,

=3l o

DT IS I 3 3

DRAW=-DOWN) DRAV=-DOWN
G.P.M, G. P M.

HBERUT GROUP SAHARANPUR GRUUP

! gg» 23,3 18;4 1 16 15:6 13,5
24.1 2 ‘3

3 24 3.5 18,0 NAKHR GROUP

& 28 3.3 19.9 2 4

g gg 48.g 32.2 3 48 44 .1 33.0

40. . |
? a o5 a8 ROORKER GRUUP
8 53 64,0 47.5 g gg 22.2 13.9
. 31.

LOHARA GROUP 6 28  25.5 13.0

9 32 57.1 44.3 7 39 25,3 13.0

10 40 3.0 27.9 g‘ ig 32.2 | fg.}

1 3 ® : .

SOUTH LOI GROUP a5 it g

11 R 22,7 18.8 11 21 54.4 32.4

12 168 29.9 24.0 12 8 74.2 35.9

13 14R  21.8 16.9 13 12 32.3 16.2
JANSATH GROUP w10 0.6 24.7

14 6  27.6 16.4 DEOBAND GROUR

15 7 3.6 10.1 15 15 30.5 26.8

16 13 24.8 14,2 :g ;6 gé.g 3;.3
SO | 5 . vt
ROORKEE GROUP 18 30  46.7 32.4

5 453 16.6 DAHA GROUP

19 21 36.1 31,3
. MUZZAFAR NAGAR GROUP
20 14 53.6 46.1

21 17 5346 47.2
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APPENDIX "p"
RECENT TECHNIOQUES OF DRILLING DEEP WELLS

For construction of large capacity wells, beslides hand
boring, three following methods of drilling are generally
employed now a days?:

(1) Cable tool method.
(2) Hydraulic rotary method.
(3) Reversge Rotary method.

Out of the above three methods, the cable tool method
is most common whereas reverse rotary type is a more recent
technique. The construction procedure of a deep well, however,
largely depends upon local conditioné encountered in drilling
and therefure each well has got its own individuality and there-~
fore must be handled as such, .

CABLE TOOL METHOD: In this method percussion drilling
is employed with the help of a boller, The hole 1s drilled by
raising or lowering a heavy bit on the end of a steel cable which
_13 threaded over a ‘sheave at the top of the mast and down to the
drill line drum of the percussion rig machine. The broken and
crushed material in the bottom of the hole is removed by means
of a boiler or sand pump. The oscillating tool produces a Jar
whiéh can be felt by the operator. Each formation has its charac=
teristic jar. The character of the jar indicates the manner in
vhich tool is operating. The driller regulates the length of
stroke and rapidity of blows according to his interpretation of
the vibrations conveyed to him thoough the drilling cable.

-

Difforent types of bits and their cutting edges are
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usgsed for consolidated and unconsolidated aquifers. Club drill
bit is the most common type and can be used with reasonable
success in almost every type of formation. The edges of the bit
are éither sharp or blumt for consolidated or unconéolidated
formation respectively, The bit is made of heavy steel bar 4 to
11 feet long., The Bhank of the bit is several inches smaller
than the cutting edge and a wide groove is provided on each side
of it to permit easy displacement of the fluid as the tool

oscillates in the bore,

ADVANTAGES: The advantages of cable tool method
aret-
(1) More accurate sample of formation is obtained.
(2) Quantity and quality of each stratum can be
tested as drilling proceds.
(3) The cablo tool rig is much lighter and can be
easily transported.

ROTARY TEST DRILLINGt~ A rotary drill is a most
useful tool for test hole work. Rotary drilled test holes

prbduce more information than any thing else, The test holes
are generally of 4«4} inch diameter. While drilling a best hole
thé following information is caréfully recorded, about the
formations

(1) Depth drilled.

(2) Eate of drilling.

(3) Behaviour of drilling tools.

(4) Formation Sample.

(5) Thickness of each stratum,

(6) Record of static water cable,

(7) weight of mud.
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(8) Loss of mud,
(9) Viscosity of mud.

(10) Accurate sample of water is the formation,

Though quite a lot of information is available during
cable tool drilling but several items of the above list are only
possible when the test hole is drilled by a rotary rig. For
example, a formations which absorb.fluid during rotary drilling
- are porous and of sufficient permeability to give up water when
pumped. The data so collected at site 1s then sent to experts
who analyse it and makes a correct interpretation. In an unknown
area where a new tube-well scheme is required to be introduced,
rotary, test hole drilling is most efficlent and comparatively
cheap than any other method.,

HYDRAULIC~ROTARY DRILLING: The hydraulic rotary mothod
is the fastest method of drilling a hole in an unqpnsolidated

formation. In this method no casing is reguired. The mud used
forms a clay lining on the wall of the well which prevents caving.
The hole is made by the rapid rotation of a bit on the bottom of
a string of drill pipe. The cuttings are removed by circulation
of mud fluid descending through the drill pipe and ascending out-~
side the pipes. The broken fragments of formation are brought to
the surface in suspension where 1m a tank they settle out and the
mud is recirculated after mixing nccessary amount of water and
clay to maintain quantity and comsistency.

The drilling machine is rigged up at site. The drilling
bit 1s attached to the drill pipe which is screwed on to the end
of kelly - a square section of drill pipe which fits into
the rotary table on the derric floor of the rig machines.



The amount of weight placed on the bit is increased or decreased
according to formation which may be sandy or sticky.

The most common type of rotary drilling bit is known
as fish tail bit which may very in length from 15" to 2' or
4 feet, It is generally made of chrome steel formed into a
tapering double wing blade. To give a screw effect during
rotation the two wings of the bit are alightly turned back in
opposite direction. The use of this type of bit is very effective
in soft formation but should be avoided in hard materials where
1t gets dulled very quickly.>

ADVANTAGES ¢ The important advantages of a hydraulic
rotary method are 3=~

(1) Large heles upto 60 ich. diameter can be drilled.

(2) In an unknown area, a small test hole can be drilled
very quickly and economically., If the prospects are
poor, the hole, can be abondened without the troubles
of pulling the casing or leaving some other meterial
in the hole.

(3) ©Suitable casing can be located at the desired depth.
Thls ensures maximum supply, minimum draw=-down and
ninimum inflew velocity, which decreases sand troubles.

(4) It can handle, alternate layers of hard and seft
formations with less accidents.

Ono of tho most important item of hydraulic rotary
drilling 1s the washing of formation after the complete hols
has been drilled. If the mud is not completely washed, it will
not allow full yleld of the formation to be pumped out ( refer
para 4,32 to 4,37).
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REVERSE ROTARY: It 1s a modification of hydrauliq‘
rotary method and has become extremely popular in Europe and
U.S.A. In reverse rotary drilling'no casing 1s required as in
the case of hydraulic rotary méthod. Instead as the drilling
proceeds, a thin film of fine-grained material of the cutting is
deposited on the interior of the bore which is the weeping surface
of the producing zone of formation. This thin membnrane together
with a differential head of at least 6 to 10 feet between the
wvater table and liquid level in the bore is sufficient to stali-
lise the Qalls of the well during drilling. There is no need mi
of adding clay or any foreign material during construction.

The hole is drilled by attaching a cutting face or hit
to the hollgw drill pipe, which 1s rotated by a power table. The
loosened unconselidated material is removed from the bore undor
construction in a stream of water which carries it up the below
drill pipe and into a tank where it is settled out and the fines
in suspension are recirculated with wafor which returns to the
bottom of the bore and thus eycle is completed. It is esseﬁtial
that tank and bore are kept full of fluid at all times.

Natﬁre of formation guides the rate of drilling by a
reverse equipment, Leminated clays or very heavy compacted clays
with embedded boulders are troublesome in drilling. Laminated

clays do not takes water and therefore are more likely to cave in.

Before a reverse rotary drilling is undertaken, the
following essential conditions must be fulfilled because the
drilling once started can not be stopped:

(1) There must be an ample supply of water.

(2) Accurate test hole data must first be obtalned and
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should be available at site.

(3) Proper screen with all fittings‘must be on the site
before drilling is begun.

(4) Gravel packing of the proper grade must be available
in sufficient quantity for a gravel pack well,

(5) Clay and well casing must be available at short notice,
if it becomes necessary to use them,

(6) Proper plan must be chalked out tovwork around the
dock,

ADVANTAGES: The advantsges of the reverse circulation
method of construction are manifolds

(1) A larger diameter bore can be drilled resulting in
larger weeping surface areas.

(2) Drilling is comparatively easy in deep sands and gravel
formations,

(3) It gives a more clean cut weeping surface in the well
bore pafticularly in lamingted formation,

(4) The well is sufficiently developed during test pumping
only,

(6) Reverse circulation rotary drilling method generally

costs less than other methods.,

COMPARATIVE DRILLING PERFORMANCE: The following table
taken from War Department Technical Manual 7~M=-5-297 of the

United States Government gives an idea of the relative performances

of the percussion and rotary rigs.
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Type of formation

Relative Drilling Performance

pn-uzanx===4

Rotary Drill.

Percunsion Drill.

Dune Sand

Loose Sand and Gravel

Quik Sand

Clay and Silt

Firm shale -

Sticky Shale

Brittle ghale

Sand Stone~Well Cemented
Sand Stone poorly cemented
Lime-Stone

Lime Stone with smail
cracks or fractures

Dolomite

Basalt, thin la&ers in
sedimentary rocks

Basalt thick layers
E Granite

Rapid
Rapid
Rapid
Rapid
Rapid
Rapid
Rapid
Slow

Slow

Rapid

Slow

Same as lime stone.

Slow
Slow
Slow

Difficulf to 1mpossible.
Difficult to impossible.
Difficult to impoesible
except in thin stretas
Slow

Rapid

Slow

Rapid

Slow

Slow

Rapid

Rapid

Same as Lime Stone.

Rapid
Slow
Slow.
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