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"STflQPSIS" 

India is an agricultural count±y and its farmers are 

poor. To make the country prosperous and industrially advanced#  

we need a strong agricultural back-ground which. in turn needs more 

rater for irrigation. With the near exhaustion of economical sites 

for tapping river water for canal irrigation, the attention of 

engineers was drawn to another huge source of water i.e. ground 

rater. The ground water is brought on surface for use through 

tube-well system. 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-well irrigation scheme in the tJestern Region of the State 

as early as 1935. This brought all round development of the 

region»' Subsequently more schemes were introduced in other 

regions of the state but it did not become popular with the 

cultivators due to its higher cost as compared to canal rates. 

.A i. through this period the construction of Yells was largely 

guided by tradition and individual experience. There were large 

casualties due to excessive sand discharge, rupture of screens, 

etc. The average life of the well was also low, about • 16 years, 

as compared to average life of re Us in similar stratas in U.S.A. 

which is about 35 to 40 years. And as such the tubewell scheLa 

has not proved very economical to the government. 



In order to ascertain the nature and extent of 

failures due to various reasons, the author carried Out survey 

of State Irrigation wells of the Western region of Uttar 2radesh 

comprising the districts of Saharanpur, Iuzaffarnagar, IJeerut 

and Aligarh there more than 1200 State wells are located*. Records 

of about 200 typical wells (App. B) were exaamined. The examination 

revealed that 

I. L1azimum number of failures of well was 

due to excessive sand discharge and ultimate 

screen repture. 

II. The next in order as due to screen 

clog,jiug and consequent depletion of yield. 

III. Some cases of screen failure due to 

corrosion were also noticed. 

The average life span in all the three cases was 

poor (App. B). There was considerable average fall of discharge 

and consequent loss in revenue (app. A). 

The main cause of the poor performance of the ue is 

as demonstrated by the survey results vas that 

I. The geological formations wero not 

interpreted correctly. 

XI. The ve .l.s were not constructed scientifically 

III. Material used in the structure of wells 

was not of desired quality confirming to 

the specified requirem nts of the job. 
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It appears that this eras due to the fact that 

science of tube-roll construction as not developed so much 

by that time. But, unfortunately, even now very little 

published data on the subject is available in our country 

and very little scattered efforts are being made to provide 

the tube-well a sound technical basis. 

The author in this paper has tried to approach 

the subject scientifically and has analysed and incor.orated 

the latest thinking and technique regarding 

I. Design aspects of tube-wells for 

efficient performance, better economy 

and longer life. 

N. Methods of prevention of undesired 

failures.. 

The well performance is governed by two of 

its major components : 

I. The formation of the under ground in 

which the r el . structure is located, and 

Il. The veil structure itself.  

Both of these components have different 

characteristics. Walls built in accordance with theoretical 

considerations governing their performance ul.0 give results 

in accordance with those principles depending upon hou 

closely they have been observed. The paper, thoroforo, deals 



mainly (t) with the geological formation and its bydraul.ic. 

Characteristics as related to design of deep~►uel s, (Chapter I 

& ii) and (2) proper design of well structure to achieve economy 

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

The salient features of each chapter are : 

Chapter I deals with the characteristic of 

geological formation and its influence over the well ,performance. 

Its proper study and correct interpretation in design for better 

yield and improved efficiency. 

Chapter II deals with the development of 

fundamental equations of ground water flow, relation between 

wall discharge and drarr-down and the influence of the following 

features on well design. 

I. Hydraulic characteristics of the formation. 

II. 8ignificanco of water table and its 

correct interpretation while loc tin 

the rolls. 

III, 'ieU lasses. 

IV. Technique for soparatin the losses and 

determining the cause of trouble in a wall. 

V. Recent techniques of well drilling have 

boen dealt in Appendix 'll', 

Chapter III deals with the most important 

component of this well structure i, e, screen which has scienti-

ficaly been discussed. The well life and its economical 



perZornance, as a matter of tact, depends entirely upon tho 

behaviour of its screen in the same tray as the entire crop 

depends upon the behaviour and quality of seed, though it may 

not form a ma 1cr share of the total expenditure. 

he foilotring 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* 

III. Structural strength of screen. 

IV. Problem of àory lion and incrustation 

in screens and their prevention. 

V. Proper design of screen dimensions. 

Size and shape of screen Openin ;e.. 

VI. Suitable type of screens on the 

basis of discussions and results are 

recommended. 

Chapter IV deals trth tie gravel type of rselle. 

Proper design criteria for the matching at gravel size, slot 

size and shape and its orientation so as to incur minimum head 

lose and maintaining its sand screed characteristics in a 

gravel pack have been discussed. 



Chapter V deals iiith the prevention of failures 

and discusses the recent techniques for improving the pertormanco 

of partially failed wells such as chlorination, calgon treatment, 

surging, air treatment and vibratory explosive method s  etc. 

In the end of the paper, appendices A, B, C and D 

are given * 

In appendix '.A' .s shorn the advantages of using a 

better designed and costly screen as compared to ordinary 

strainer no in vogue 

In appendix ' 3' is given the data of tuba-calls 

collected from various districts. Graphs shoiinij the comparative 

performances CC wells of different districts, rate of survival, 

etc. have also been given. 

In appendix *C' sieve analysis test of SOunds of 

more than a dozen wells have been given. Suitable recommenda-

tions for selection of proper size of screens have been made 

in it.. 

In appendix 'B', some recent methods of drilling 

of wells have been discussed. 



GROUND 	A T E R 

` 	S 

GEOLOGICAL - FORMATXON. 



Broadly., speaking, tube-well 
system is a process by which the ground water is brought on 
ground surface for beneficial use by mankind 4 The most acceptable 
definition of ground water seams to be set out in t' e . , 11.6 J. 
494 by Dr. Meinz3r, when he says it Ground Water may be regarded as 
measuring the baso l or bottom trat a r. fleet commonly, we can say, 
that water found bolvd the water table t is the ground water. 

1~2 	____ t 	Roeerds are zatlabl to 
show that early ngypitana and people of many other countr2.o n 
vary familiar with drilling methods for patting down tubular 
holes into ground to obtain ground water (1) During middle ago, 
there was little or no development in drilling of wells. A 200 
feet deep well Mown as St. Patrick's wall, was drilled In Italy 
In 3.5O  A.D and furnished a plentiful supply of water, In T.$.Ln 
the development, of ground water atai'ted only about 80 yearn 
back. In India, interest LA deep well drilling was tan about 
38 years back and nonce than thousands of wells Nava- been drilled 
either for irrigation or drinking purposes and the coat involved 
runs in croren of rupees, 

in ;mat variety of pvpaco n including public institutions, 
hotels, factories, ean.norAan, dairies, power plants, recrratiou 
ontabliah tn, etc ; cooling and air conditioning plants Ila 
AitUiO will AafiR tG1y maa heavy demands on ground water 



b3cauc of its eharactoriotia uniformity in tomporaturo. 
The consumption  of ground water 9,a bound to iacroAco mania 
told with the progress of country. 

x 04 BY tubo...vo f l pumping, 'o can withdri 
the gr uad water year after year. But this grout2il water 
roaorvjCr is ours for be no ficial purposes, there is no 
advantage in lotting it go to waste if it can be made to 
corv© human welfare . Therefore no the question arises as 
upto what extent the water can be withdrawn, to what extent 
it is replenished and to what extent It is meroly taken 
from ground storage and how efficientlyy. Answer of theso 
problems lion in scientific development of the subject. 

	

1,5 	_ .@ ',ARD t_  t o muo L guard against the 
depletion or spoiling of our extreme l.y Valuable under grouid 
reservoirs, The conservation and efficient use of the Co 

natural reservoirs of water should be our major national 
problem and it is nt be mediate and urgent. 

	

1.6 	ngineero and government departments 
must share the responsibility in tackling this problem. 
The government departments may carry out ccientificali7o 
the accurate ground water investigations and then iblioht► 

in.g rosuite for the enlightenment of the publio. &agtncerc 
should strive for proper location, spacing, use of bettor 
materials, improvements in drilling, equipments and ntthodc 
of construction, eoidoo, engineers must be able to give a 
uooful 1i ' of about 50 years to a well for better eooacy 
and suet be able to check deterioration and failure of wells. 



1.? 	S Traditionally, India is an agrllo 
cultural country and about SSO% of its population depends 
upon cultivation. The basic need,  of the country,, therefore, 
is the water fro irrigation. many irrigation scbemso were 
visualized and were put into operation during the last 
century and many more schemes were and have been ta1n 

in the three five year plans to supply irrigation water 
from sources like rivers, lakes, reservoirs, etc, Not many 
sites are now left for harnessing the rivers economically 
for irrigation purposes, But, even now after so many echem3c 
the success of the crop depends very zach upon the whims 
of nature i.e. monsoon, 

lea 	'Even after completion of irrigation 
workswhich are in hand, a large jo reentage of our paro- 

duotive land will be left which could not be provided with 
canal irrigation system.. Some areas, due to Site location 
and topography with respect to water supply by canals make 
the canal system eztrenly costly. The answer to such 
problems Ue in harnessing the ground water by tuba cell 

Wiping. 

great oceans, the water to maxims quantity appears under— 
ground.. Sir Cyril (2) has estimated that If the volume 

of ground water available is spread over the land surfaces 
it would drown It to a depth of 1004 & If added to oceans 
It would raise their level by 40* -?6'. Thus we can see that 
what a huge amount of ground water is available at our 
command to ba pumpe4 out $hrcugh tube wells, Engineers can 



definitely ensure a plentiful carefree supply of irrigation water 
to our farmers and make thorn indopondont of the vagaries of monsoon, 

1,10 	 $J 	AU attractive 
feature of tube..well irrigation scheme is that 9 it can be developed 
gradually and units can be placed in areas where they are in demand 
and likely to be immediately useful, Another satisfactory feature 

Ise that tube well cannot cause water logging and deterioration of 
coil. On the other hand$ it improves the tract by slightly lcrory 
Ing any inconveniently high spring level,, Tube-well water being 
slightly more costly, is Caro fully uti, Used In the right propora.. 
tion by the cult lvatoro and there is comparatively less wastage by 
them and"'in channels 

141 	M 	$ 	 Prtaore in 
our country are very poor and they cannot afford to utihise costly 
water. Our basic aim auat t therefore, be to find out ways and 
means for pumping out and supplying reasonably cheap waters B3$idea o 

its continuity must also be ensured, Cheap pumping can only be 
achieved by approaching the problem scientifically and designing 
every component of the tube well scheme properly. It is possiblo 
only when the government departments and the tub -roll ongineoro 
work in close co-operation # The government departments should carry 
out the survey of ground water resources and should make the 
f ohlm ing information available to public for easy rofora nco s 

1) 	Details of geological formations such as conceit. 
dated, somi•.consoiidated or unconsolidated and 
their extant, 

(2) .fluctuation of water table over a large period. 
(3) Tield capacity of water bearing formations of 

different regions. 
(4) Permc,ability of different regions. 

(5) t~tmrt
~P different rog pooa~. c. t~tagto of mound 



The ongiaeers can make the achom off2ceint, 

economic, and better 'remunerative by: 
proper do_sign of straight screen or gravel pack 
we1..0. 

(2) proper choice of materials to withstand corrosion 
and- deterioration over 'a large ' period auy 80 years 
approx. 

(3) Proper location and spacing so as to not maximum  
• Continuos yield for the whole life of the veils  

(4) Better) economic and efficient well drilling 
techniques.. 

(5) proper selection of pumping equipmsnt., 

(6) Devising methods for improving the yield of old 
weu ,s so as to avert p 6mature° failure because 
It increases the cost of the scheme ultimately 
and make the water production more costly. 

32 	;arge scale' tube re ll schemes for irrigation 

wore started by the Government of TT*P. from 1955. There are, at 

prosoit t  more than 8000 State tube-wells besidoa a large number of 

private tube• cells in this States t4are and more new ,schemes are 

being envisaged which calls for greater amount of public money 4  This 

naturally imposes a heavy responsibility on cngineer8 in charge of 

such schemes. 

1613 	 w 8  anough scientific v,ork has not boon 
a 

doito in this country no tar on the design of tubsew.et1a. There are 

very few piblished articles available on this subjects ,.&a. Sanghd 

(3) aid X.L.Jain (4) recommended certain design criteria based 

on stmtistIaal data# prof. R#Sochaturvedt (507) made investigations 

for the proper design of Radial and Shrouded veiisa  important regeare' 

chow on gravei*paclt walls are alga going on at prosOnt in the Xrri4 

gcLtiofl Research Instittite, Roorkee § under i r i  PoNoGiipta1 Reooerch 

Of floor (6) IIptil no'i b ievor o  the design of tubo«trell in this 



country largely depends upon indt+vidual oxprietaco and tradition. 
144 	CONSTITC NTS *t There are three main constitw 

-  Il~i~iY~ Y Y  I q1 2 I I  ~Iil~ 

uonts of a walls 
(a) Formation i.e. geology of the area, 
(b) Well structure i.e. screen assembly and 

(a) 	purnping equipment ,  
All these constituents have a decisive influence 

on the overall performance of a well, Separate study of the behaviour 
of each part is, therefore, easent.ial before finally deciding upon 

t hh line of action. 

145 	TE 	l RING 	AT 'LS, Welds are generally 
constructed in two types of formations - the unconsolidated rocks 
such as clay, shale, gravel and eat 4&d the consolidated aocko such 
as lime-stone, sand..atone, granite etas First type of formation Is 
mostly found in the Gangetic Pianos of Uttar pradaab State. Nouever, 
the second type is also found in places like Bhabar area of Nainitai 
District and Doon Valley etc. The author has drilled a well in 
Village Hariharpur near Haidwant VP Bhabar area and the second type 
of formation was largely met. The spring level at this we l was about. 
165 feet from ground level, 

A careful study of geological formation of water bearing 
Strata is always very essential because on it depends.ths success of 
a well, 

146 	4 	A 	c c 	t Well graded gnavo1 
deposits free from sand cannot be approached for quantity by any 
other formation, Well yielding as much as 1,200.gpm per foot of 
depression has been constructed (8). This type of formation absorbs 
water-freely, store'4t'in iargd quantities, and yieldsit readily. 
Porosity and permtabiiity of a sand gravel formation guides its beg* 
haviour regarding its capacity to absorb and to yield. During drilling 



tie find a wide range . in, the size of particle a in the aver ago sand 
gravel formation as well ac in their water bearing abilities, Amount 
aro kind of ass ort nt of particles and kind and amount of cementaom 
Lion decisively affects the yielding capacity of the formations 

1.17 	6$ QF t RA' 1 ' _  The coarser and more unif o m the 
particles of a sand- grave. or Sand-stone formations are. graded, the 
more water It will yield,, On the other hand, if the particles are 
fine like those In silt, than little or no water can be obtained as 
the formation will not give it up due to adhesion and surface tension. 
The size of individual grain is, therefore, important and controls 
considerably the amount of water that can be obtained. it mast be well 
understood that it is the percentage of fine minute particles that 
determines the yielding ability and not the large par'ticlasa  becaus.O 
the fine particles occupy the voids farmed by the larger part idea 
and still finer particles occupying the void formed by the small 
fine particles. The particles, of $and-gravel ftrmation are generally 
pieces of silicas  flint )  r uartzite, limestone, granite )  dolomite, 
ate. The sand which is generally found mostly contains silica.. 

1018 	J 	, Z.t is one of the most common material 
encountered during well drilling,. Pure clay is made of very minute 
particles and appear to be solid. When wet it becomes plastic and 
smooth to touch. The mineral contents in the clay determines its 
colour. mostly the, clay particles are of aluminium silicate. Clay 
is very difficult to remove from a sand Formation as it clings to 
the larger particles and has a tendency to become pasty forming 
ba a and chunks which are almost impossible to ,break dmn. Somco 
times clay is found in layers of many feet in thickness. As a rule 
the clay in a miz3d formation generally immera its yielding capacity 
and should be avoided. 
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1019 	~~ another typical - material of sodjnentary 
origin Xc shale which is a true clay formation or clayej mixture 
that has become hardened. it is definitely a non water bearing: 
formation with few a eptions such as ,joints, and bedding planes and 
must not be, tapped0 

1.20 	MV , „ The alluvial. doponita.' which are sand 
gravel deposits vary from the finest particles , of sand, upto boulder 
mixed with clay and cut. Sometimes a formation of coarser particlec 
only is found.. Bat to got a sand free supply of water in larger 
quantities from alluvial formation, it is necessary that (liner parti. 
aiec of sand be removed first. it is a good water bearing formation. 

1021 	 It is another type of water-bearing 
formation and is compos(d of grains of sand (mostly quart) bounded 
together with a cementing agent. like carbonates of silica, calcium and 
iron oxide «. The yielding ability. of sand atone . closely tallcrs 'that 
of sand of the same characteristics. 

_Z _Pt 46I Pares ty is 'defined as the 
percentage of, total volume of formation that is occupied by pores or 
interaatices, 

Schiitoter from bia, experiments established that 
if all other conditions remain the 9a m3 x a. material 
will have the ,same porosity whether It contains lard 
or small grains, 	, 

(2) , 	Irregularity of shape results in a atv largo variaw 
ton in porosity. 

(3) Variety in size of grains is of fundamental Import.. 
ance with respect to the porosity of a deposit, 
he above statement implies that porosity of the 

unconsolidated formation trill depend upon: 



50 r 

• (1) 	Degree of assortment of its particles. 
(2) Shape and arraangm nt of its particles. 

(3) Cementation and 'compaction. 
(4) Removal of mineral matter, 7 percolating orator. 
1023 	Well sorted, clean, uncemented grave, sand or silt 

will have high porosity.: A.lao a deposit . composed of large .grain.9 of 
uniform size and a -deposit of s ll. grains of uniform size both will 
have an equally high porosity* On the other hand, a deposit composed of 
grains of two sizes has a low porosity (fig* 1,22). 

1.24 	The porosity of.. different - materials varies over 
a large rangcl from less than,1% to 60%. A porosity of So or less is 
regarded., aq Iw- 9 between 5. to, 20% medium and greater than 2O 3 as largo. 
The porosity of graded and ungraded sand determined by Rickox and others 
(15) 0► as follcro:«m 

= actprjattco of Grad 04atorial 

0000865 ft 	water 	 4062 

.0378 	't 	t3 	 36, 5 . 

,00042 	 49,8 

.000832 ft. 	' 	 451 

.00150 ft 	" 	43,3 to 4$„4 

araaterist os af uniform 	Lalo 
Rangy % 4i&., 	 a s oorottijj  

t~O 	8; 	[later. 	 35.2 . to 3807 

,0003Gft 

35 

perfect spheres of equal size can be arranged upto a 
porosity of 4?,6 Sp 

10 26 	rit= ,.odgs otporosity is Important whsncvorf 
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investigation are to be made of an area for its water yaeZding 
poseibilit.00. It tells the ability of the formation to contain 
water and Its ability to yield the water it contains to a wall. It 
can be determined by prevalent standard methods exactly or appro o 
mate ly~. 

account of adhesion, surface tension and capillarity, it is clear that 
all th3 water from the formation cannot be extracted by afy means. 
Hover, the aim for getting the ma tmum yield from the depth of the 
well itust be there. Specific yield and specific retention arc expressed 

9 

as percentage volume of water yielded or retained by the formationo 
Thus 100 oft, of saturated formation When drained by gravity supply 

25 oft. of water $ then the specific yield In 25 f and it 15 aft of 
water,, is retained by the formations then its specific retention Is 

15%. The sum of the specific yield and the epociffc roatantion to 
the porosity of the materialce 

discussions of para 1*I8 and 1.190 it is clear that the clay and 
shale formations are not s itable for locating the well as thoy will 
yield very little or no water and that too against very great recle., 

tanco . F rmat ion having a large p3 roe ntage of clay will r d co its 

porosity and its capacity to store and yield water and therefore crc 

not sttable. Gravel, $,and $ Alluvium and sand atone formation arc 

good water yielding atrates ( Parac 1..160 lel?v.3.s2OD 3...21) and wells 

should be located in such formations. Later yielding capabilities 
these formations wiII be iargoly guided by the percentage of fine 

particles which they may contain. The quantity of fine particles also 

influenco the choice of screen openings (discussed i.n Chapter III) 
not can to determined by a mechanical clove tact and tt la aloe a dace. 
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doc Ring factory in determining uhethor the well sho tld have an 
ordinary straight screen Or be a gravel pack well ( discussed in 
Chapter IV) 

1*27 	The geological formations underground are natural 
and nothing can be done to altar their properties Therefore,, before 
going og .for. a well .foiia~r ,ng tests should be carried out which will 
prevent many difficulties of future 

Pilot boring. to obtain the strata samples for 
study and analysis of aquifer. 

(2) 	Sieve tests or each case' so as to determine the 
• SiZG t degree ,of assortmsAt of sand and, there f ro, 
the design sign of screen# 

(3) 	permeability tests which wlfl determine the 
yield. 

,(4) 	Chemical analysis of disaol.ved substances vhich 
will iffluonce the choice Of m teria1. 
The - importance of psrmsability has been discussed 

in detail in chapter Ui, 
1,,28 , 	During the survey of wolfs# the author found that 

no sieve tests of formations were no on wells previously eon3tructed 
and this was one of the main reason of their ''faulty behavOoure But not' 
at certain places, the sieve teats are being - done but stillx ab some 
other pieces rule of " tourch and sea" method persists which is extrd- 

iy dangerous to the wail perTor.mance and life and must be stopped 
Sorthvith. 

1629 	The chemical properties of ground water also plays 
an important part in the design of wells. Ground water contains many 
impuritiée , which cause corrosions or incrustation of well screens. 
Spacial oorroefra resisting materials have bsen developod for use of 
tube 'tells* The problem and methods of prevention of corrosion and 
incrustation are discussed in detail. in Chapter ilia 

L.30 	,1 $PRu ', .~. tnnlno l (8) has rightly pointed 



cut that woilc as engineering structures serve one purpose only and 

that in to transmit or make available for economical pumping the 
largest possible amoant of water from the formation in which they 

are constructed.  The performance of a well dope ads on many things 
ouch as the methods and materials . of construction, the design of 

screen, the amount of development, work done and rate of pumping after 
the wolf is in operation. Each of these factors influence the psrfor«► 
m ance greatly and must be considered care f a ..y in designing the 

construction of a well (Discussed in detail to'Chapter III) 

1,31 	 F 	Two types of pumpe.Pcentri... 

fugal horizontal.  pumps and deep' bor turbine pumps are generally 

used in India for irrigation pumping from a deep weil.Beforo Install. 

tag a ,pump, the engineer shoald have a definite performance picture 
of the equipment which he is going to install. Since the wells for 
Irrigation have to run day and night Bor most of the part of the years  

their etfiaiency must naturally be sufficiently high and must remain 

so over the pumping p riod for better economical running, High afftd 
.ciency and low cost do not go together in the manufacture of pampa and, 

therefore, the valuation of the equipment must be made on. the basis 

of long test. economy0 While doing an initial test on a well, the use of 

a notr. pump should be avoided if the veil has not been completely 

cleared of land, muds  sludge, etc, # Because the damage' done by them 

to the, pump In feu hours of testing may be gquai to the damage In b 
years or so, 

From the discussion of para 145 to 1,27 
It Is clear that the geological formation and its correct study plays 

a decisive role on the design and life of a well. It was found from 

tho ,survey of wells that in general no physical or chemeteal analysis 
of the f'c' mation iran done whoa the wells were constructed, on strata._ 
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chart o of these pro l la q the formations wore defined in 1~►avc~ torso, 

ouch ass fine nand, medium sand, gtne to medium, coar3 sand etc. 
which naturally► did not indicate the sand qua ,ities as discussed 
in Para 1*26 u4 1.27. The designs, obtousLyo wore based on thesee 
vaug3 terms and it appeared to be one of the main causes of their 
unsatisfactory performances and early failures, 

40 . 	Hav at some piaco g s ,eve tests to detormino 
the quality of sand are being carried out on new wells in this 

province but mill at quite a Varga number of places the old practice 
cc ` persists. The exploratory tube.woll organloation of Government of 
India, however, carries out the sieve test before a finaldocision 
on design of screen is taken,, 

In order to have good design for better perm 
formance and to prevent undoaired failures, the fofl ring tests must 

be carried out before a well is finally taken up for construction, 

(1) Sieve toot to determine the physical properties 
of sands 

(2) parmeability test (discussed in detail in Chapter 
UI) for determining the yield of formation. 

(3) Chemical analysis to determine the corroding aid 
Incrustating poopertie s of water (discussed in 
Clotai3. in Chapter III). 
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A 4 cross sectional area. 

hraulic resistance" of for motion#  head loss 
per unit discharge. 

b thickness of confined sand 
2 

0 = Co-offichenb in terms of CQ 	expressing "well 
lose" 

0 # Diameter of pipe 
d representative grain diameter. 

- acceleration due to gravity, 
hi = head loss 
h head abuve a given datum 

specific per msabUUity► 
CO-OfficieAt of permeability 

L .Zngth of porous medium 
arosity of sand 

- pronsure difference 
p pressure 

Q = We I I discharge  

Co 	tfia .e gat Of storage  

e = 4r r down at a distance 
SW drawn dare, at 	r according to the orettcai 

logarIthintis distribution 
T "Tranamd seibility a of sand bed 	= Kb 

t time 
2 

t* '"WIsabioa time" 

u „ 	a nondtmensional variable 

V = Velocity of flow 
V = Volume  e 



Pa 

VW Volume of water,  

W (u) _ " e► ll function" of n 
I r,tjdtX d .stance from the ads of veil 
Z F1evation 

Q Aquifer comprcentbaait7 
frL fløcosit3r - rinid density 
'/ _ Spec .fic weight of water* 

0 



e 	ter.,. 	~ w ~ ~ 	It~a ♦ 	
• ~!} ~ _ .. ~~~i 

ii. Aqu fora it La a goolog.oa3. toriatioa, a paxt o9 
a for:rmUUon or a ,,soup of forxaattona that will ytod sigolfiaantb 
quantity' of water. 

r 
 

©oao ad r ta3ly from the a s 4 the t'eZ3o at which tiz t aoTobtcal 
dr 	ovo bard on the 1ogithiLzic head distribution squab tho 
cotua , QrC town Just ouboi4o tho screen. 

3,MLOZ 	4 Z .& In this aquifer tho vator table 
oorvan as the uppor curt ace of the zone of saturation. 

prCouXC aqu.jfor D oocuro vhero groant7atcr to confined un6o' poauuro 
eater than atmoophorio by overlying relatively &np icabtO otratc. 

0 

defined no the 21 of gyrator at 00 	In gallons ,par day through a 
2 

04LUS having a Or+ ro»coctional area 02 1 ft under a hy+~raultc 
iaftont of I ;fit/ft. it is also oomottaoc do nod no laboratory oar 
efficient of pezi3cbtltty and its value for moot of the natural 
aquifers range o from 10 to 5000, 

of eater that an aquifer releases from or takes into storage par unit 
curfaco r a Of aquifer per uflit sham 	tin acponont of head no na . 
to that surface, In nest confined aquifora values gall, in tho raaG3 
0,00005 4 0 4 0.03, 

7, 	 E 	pit 	 ... it to tho p~rawob 
of the aquifer thickness and the co. ictont of pprc)ability (2= p 
vhero b la the thicknaoo of aquifer) 
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2l 	Tho water we l le # generally, servo one p rpoc3 
Only and that Is to transmit for economical pupping the 1argeet 
ant ' of water from the formation L t Which they are a b atructed 
within ,  the I ,ni ,td of well depth, methods of construction and mato iaZ 
used. 

	

.2 	There are, trio min' or factors which govern the 
per oFanee-  Df a well, Ono is the formatl an in which the veil Is 
constructed and the other one fe the well structure itself. Both 
these oo portents have an ability to transmit water. But the by lraulics S 
Of structure is quite different Pram the hydraulic charaetortat2,co, 
of Ground water fc mat ,- DAs. 

	

2.3 	The h3 rauhLce of well involves fZ s 
f 	in the surrounding aquifer 

	

r ► 	throui the well screen, 
e 	Inside the well, 

flefDrO going for a costly well aohsrno g  it Is 
eeseatj al that a c ►plete kwlo0go of the hydraulic behaviourof the 
geological torznation and that of well structure I  to first obtained, 
If they arC3 not underotoO4 corvéct2y betcre-hand, then it may be 
possible that the anttre sahem,  may,  prove a complete failure after. 

14i 	Darcr 	atu&to 1 the flow of 
water through sand beds and rc porte6 la 1€ 56 that £1 a rate through 
pcToue idia Is proportional to the head Zoos and inversely propor. 
ttonal to the length of the flow path. This is kno!n. ao Darcy'a IOU. 
The otatean at, - cyan be expc eased in general terms s 

q = 	 t 	 ( 1) 
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trhe 	.s tho hydr.tlic -gradient (fig. ), Xt `jfl ben soon that 
discharge Q Is directly proportional to a. canstan ' known as tho 
c o•efticient ofpmoabIlity or the h arauiLc c onduotivLty . and . the 
hydrea Uc' gradient 4 In the Bari, cation of. the above formula it has bson 
acoumed that velocity of floe Is very loi which is generally the 
casd i.e.  ground water movement is very ni o 	22 

2 	O t111RC'S44t The lav app lio a to laznar 
flo In porous media Ibero the velocity La very Zc and is proper-* 
tLona , to the first power of hydraulic gradient. Both from tho y and, 
experiments It has an Pound that 40 .ic or, limit exists for Darcy.on 
1 i (3) on the coatrary waver, an upper limit has bsea identified 
by o rinienta on nand and small spheres (4, 5 6p 70 8)0, T a Tit 
can be found by potting the dim3neionlocs 'fining friction factor + 

s34 In h$ruU.ea, against RQynald'c Ile The factorr f is deftüad as 

2f LV 

a6iram the data plotted from several tnveotigationo 
{ Aga 24 	it'ia char that departure from 'a li'noer relationship 
appear when 'Tla ''oaobeè the range b~'t ovn about 1 and tai, .P alagst 
all ground watQrn D the 81un Of tT 4  thereto a s Darcy's to 10 
app .cabla,o Deviation from DaroyIa law may be found In rock ac fora, 
to unconsolidated aquifers with stoop hydraulic. gradtonto or In those 
Containing large diameter naxution openings 

2.7 	Ear. imo is have -shoo that is .car flu which 
dig not "obey tb Darcy'n I exists In por ,n media*- Each particle of 
fluid moflng through a portttc medium folly a a oontixiucuoly Varying 
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Fig. 26, Curve of Resistance Coefficient plotted against Reynolds Number, for a Granular Bed 
Correlated from the data of many workers. 

• Burke and Plummer. 	+ Saunders and Ford. 	Mavis and Wilsey. 	x Rose. 	0 Bakhmeteff and Feodoroff. 



aocolation (5). At slow rate of flow ( near UU = 1 to 10)D tho 
Inertial forces in this non-unitorm fl i becdmee significant. Daroy'o 
la go rrm flr only when resistive forces predominate; and whoa 
the inertial forces approachh the same order of magnitude of the 
resistive f`o eo$ Darcy' o z, r Is inapplicable. This transition cecura 
before and separate from the inc dence of turbulance which occur whoa 
the value of TR Is 1000 approx. (fig. 2,6). Thv gradual transtl , on t► 
the turbulant floz do ends upon the micr'ostructure of the porous media 
tZor, 

4 	~`' a Peru ability or porvio sno sa of 
a forma .on is its capacity for trap ittiog water through a given 
croea section under a given difference of water Ir essuro per unit C 
distance It may vary w a3,y In the some forciai . on ~depoadiag upCD t 
pressure conditions. It depends upon th3 properties of fluid also, 

From equation (1) we have cowvff2.ciont of perm. 
ability 

0040606 (4) 

i2(4) 	4. 
dienaionally. 

o shows that IC has the dimension of vosocity. Bacod on Darcy+c l 
Dr., Ia2.a: r of tT.S .Goo].ogical Survey has standardised the per • 
ability dofinit one. 

2.9 	111 field terms tb.3 co-c ffLcLont of 1p roability 
is d+fued as number of gallons of water a day, at 60 P that Is 

ooaductod latorally through each mile of the water bearing bed (measured 
at right angles to the direct, one of jlw) for each toot of thickness 

9 
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of the bad and for each foot per mile of hydraulic gradient at 
the field temperature. 

2.10 To have a more rational approach to the concept 
of permeability, the co'-efficient is made independent of the fluid 
properties governing the flow. The properties of fluid Involved are: 

(a) expressing the shear reietance. 
(b) - expressing the driving force of fluid 
(c) d 	- pore diameter which is assumed propor. 

tionate to a representative grain 
diameter d. 

The relation can be expressed as 

k = - L/ , Y I J) 	 0000.!0"10+) 

Solving by diemneional analysis we gets. 

k c. d 	
••es.0a..(6) 

'hers C is a dimeasionLees constant. Because the product Cd2 to a 

property of porous medium only, a specific permeability (9, 10) R k 
of the medium may be defined aa' 

Substituting in Darcy'a law (equation 1) we get 

Ufa 	dL 	 aoosoa~ro $ 

The dint3nsions of k are f 00 .7 , or area, which can be roughly 
d 

Interpreted as a unique porra area governing the fl. The constant 0 
depends upon the grain diameter, porosity, packing and grain sizo 



otrt t2Da and chap. Tho aaW valuo of it for different . gaid0 
and ,ammo fic' tng through a Biwa a dium (6) Indicates the morn rational 
nature of ripe atfie pzrra abi 1Ltr, 
T c at oa (8) c a a no b3 trritte n ac 

y (dk L) 

Daroy, On practical unit of specific 	msabl3.itj is oxpressod aDr 

nMas 	co 
as 2 

-s 
to 2, Day 	0.9 `x10 cm 

0-11 2 

or 1. Darcy 	L06240 ft'' 

241 	iany empartna2. formulao have been established 
for finding tho a rmsabi ty, Typical of them Is Una Pir aM Patch 
porzt ability forniu,a (11) which fas developed a . 4imnaionaX 
c nasiderationa and verified ezpsr, e, ntally e 

M ~~-~~L ~ 	 \ 

vho m 

 

Q. - . Por ashy 
Packing factor and tho value of which has been found 
to b3 69 

-Sand shape factor, varying from 60 for spherical 
grains to ?ol far angular grains. 

p = percentage of sand hold between adjacent sieves and 
fim _ The goc aatric moan of the rated sizes of ad3aceno 



o quatton is dimensionally correct, 

2812 	Form3abi1ity of an agy1for cannot be determaO 

cccurato1y in the laboratory because peroo&ty$ packing, grain,, 

or .ontatioo etc. are coaoidOzabZy changed than the natural oust, 
4 

2913 	014 aouremo t of permo abt 1t o 

The most reliable motboa for ootl,matiog aquifer 

pern abiLtty to by moano of pumping tooto ith w3110 (12) in thepo 

tooto the aquifer is not dioturb3d, the reliability is superior 

than any other iitbo4. 

~~' apt ~~ 	N• 	# 	► 	►' 	► 	►' 

The equation of continuity for a 8 dismenoional 

'low to rectangular ac.ordinatoo i.e expressed no 

WbeI'3 	and vz are the voolicity componorito 
in x y 	a directions respectively and t is the tie Par a steady 
floe 	0. 2heroforo s for stet dy flog tho continuity squat .on 

aoeuatng an inccrnprona ,ble flea L.a. P = Co1,otp 
if 4) 1 a the potential function than by definition tro have 



Subotit ting Oqu.iofl (10)..1a'squatioa (9) 

tTo have the Lcpiacc equation 

c7z~- 

J►.;S cor~:~ar 
also indicator an 2xrotational tlaao 

Prom Darryl c~ '1 r fto got 

A  ~s 

trol ro S In the diatanco along tho avorago 

direction flog. Conditions ikon the permeability vary with flc dir. 

action in kntun as al tcotropio permeability„ Therefore, wo can o proCc 

tho component vl000itioo an 

y 	c7 	_z_ 
Uhoro itv ky and its ore the p rffi3ability in zpyon 

dircottonoti Por stmplificatioa annuaing icotropj.CJ c onditi ono wo hero 
-'~ _ V, 	_.o2). Coiparing equations (10 aid 

(12) we find, 	" _ - ~h. 	Subotituting the valuo of 
In 'equation (11) pro got 

(13) 

Thie In the gncral partial differential equation 

for otoady flocs of veto? In hoaog3n3 cue and ictropic m die. 
2015 To do ivo oquatiou for unctor4y 9lc 

(13), Iry have to tatto into arc cant the storage c 000ffic2,ont $ a, For an 
unconfined aquifer It io dof ned as apcctft, ytold, but f o confined 
aquifer it give the aquifer c ompros elbility~ hicbdofinod an 



Assuming that compressive force acts in -a vertical 
direction over a largs areal extent eo that chQogao in the lateral 
direction are negligible. W a the ptozo-i3tr.to surface is l cored 
a unit distance the quantity of 'water• released - from the column by 
the pressures change in 31 hence S = v. If b is the aquifer 
thickness then volume of aquifer column to V 10 b = be The change 
in pressure by = -k') _ -1 	Substituting those veluog 2Ja 

equation (1.4) g von 

\::
iAA00sOr~~~,~ y 

assuming trater to b3 compressible and grains of the 
media to be rtg46 j for an clastic material. 

Substttutinrj in equation ( ) 	ro gat 

0000000 

Substitution In equation (9A) ,give s 

+ ~  

Assuming 	to be constant and substituting the 
values of vxp vy and vz frcm (12) we got 

Rcirittng and substituting 

-   00000600(19) 

Which is the approximate partta , difi3rontial equation 
governing the unotoady floc of water In a c mnprecsblo C onfinod 



a ,fer at uniform thickness be Tho corresponding equation for 
unconfined aquifer has a non4tnoar from (13) which make  4trec 
solutions impossible. By approximation,, he ver, equation (19) 
can be applied to unconfined aquifers where variations In the 
oaturated thickness are relatively small,. 

2.16 	F CA'1C . Before tackling any ground water 
problem, information coneorning Zocation,. movement, and elope of 
" water table " is of utmost importance. We must line' it o depth 
b~ cu the surface, direction and rate of 'slope and -voriatioa in 
depth that have taken place, over various ;arjo6s of time. The water 
table is always fluctuating up and do's. Its movement tolls the 
story as to the replenishment,, the general nature, and the use 
made of the water bearing formation in which it . , a OUA4o 

24? There is a differoace, jn the water table of 
bodies of free water and bodies of confined waters Water table Is 
the actual level of free ggound water, while a reesure surface or 
the plezornetrie surface is the actual level either above or bel i 
the ground surface to which water under eonflnment wt fl rLee. Both 
are static levels. 

2.18 	in order to aeeertain whether the wolf has been 
located in a confined water or a froo rrater g a few obaorvation 
hoed are drilled around the main roll. if on pumping the loop 
well the water goes dean in the observation bolos and then all ric3 
to the same level when pumping in stopped, the deep well In In froo 
water. If, however, tt water remains stationary in the observation 
bolos, then the deep well is is confined water. 

2619 	xhroughcut the depth of trop, there arc so many 



rood water into. other , horizons or rob them. It in thore'oro; ds bly 
important to observe the action. of water table at all times whoro 

• more : than one water.bearing strats iis tapped on a.weli an is generally 
the case of state . irrigation wells of T' P,O 

2,2O 	Before going into the question of locating wells 
in an area, It i s very much beneficial to plot the water table map 
by putting down a tuber of 'teat holes to the level of free ground 
water. The aontourss of the map will, reveal the general, character. 
of a water bearing formation. If the contours are crammed and rise 

steeply, the formation will be fine 9  while if the material is;  
coarse, the contours will be further apart and flat. Down the a2.opo 
of the water table . is the general direction of f It r.. The maps . of the 
pressure surfaces can be made In the similar way* 

2.23., 	As a general rule, water table Pollczs the surface 
topagrapby without ebrupt changes, being nearer the surface In lut 

areas and .deeper in high area. on account of their general pr .ncLp3 S 

It will nearly always be beneficial to sink test holes In a flat or 
rolling country in order to locate the deeper arid better water. tors. 
mationa. It has also been found practically that the water table. .: 
eloped, 	th and 'towards" the ,rain drainage of the areas 

2o22 	Gradual loieri.ng of water table over a period in a 
tube wail area indicates Gsc9ae drawal of ground water, Gaining time 
Of' original levee, after pumping has bo(lu stopped  indicates quality of 
permeability of formation. It can also be helpful in dotarm wing 
whether the formation has properly bean developed. 1A ehorfi we can 
very well say that the water table of. a deep yell works. as a. atetho 
scope to ascertain almost all the disease$ of the well and Ito study 
in cxtromoiy Important for the survival, of a well, 
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unconfined aquifer, it beecrec the bcindi.ng surface. The energy 
head Be or fluid potential at any point on the water table is 
appro Late l7 ( fig. 2,4) 

It thetocpheni.cpressu roferenco b takon as 
zoro9 then p :, 

4 O 	Z. 

tharofore under steady state conditions, the elevation at any point 
on the water table equate the energy head and, as a consequence 
stream itnO be perpendicular to water table contours. 

2,24 	With the help of only three ground wator elevations 
knc n from wells$ ground water contours and flow direction is dot©r-
miuod as shouA ( fig. 2.24). After drawing the water contour o$ stream 
lines are sketched pir ndicu ar to contazra, showing direction of 
f l•t . ptooeoding in this ways the map of ground water Gta~ation and 
its stream lines is prepared for the area in which voile are to be 
located ( fig. 2.25). 

2026 	Coaaidertng any two stream lines on the map and 
taking into account the fact that there is no floes canoes the stream 
tines, the flow at section I and 2 in ( fig. 2.25) equals. 

=A11 	- 12 % 	.,BADO (20) 

Jhoro A is the saturated aroa p3rpendicular to the 
fl  .•. Man Darcysa Lam' D 

A1 i 1 	A2 It2 	a. a 	(21) 

Where i = 	the hydraulic gradient 
Rci arranging .equation (21) we haves► 
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(22) 

• The ratio 42 can be, ascertained from the tstartco 

botwd oh flow lines at, the two sections for an unconfined aquifer It 
the difference in elevation of the water table is small compared to 
the saturated aquifer thickness, or for a con `fine& aquifer of unto 
form thickness, Siczilariy, tz~t can be estimated from tk l respective 
contour apac3,ngn. 

If the stream ILaes are nearly parallel then 
aquation (22) becomes 

1. 
aaeeiaba (23) 

2 26 . 	Thte equation shoe that far, an area of. uniform 
ground water flow$ that portion having ido contour spacings will 
have high permeabilittea than those with narrow upaeLnga, therefore, 
prospects for a goo6-yielding well are better near ocion .2 than I. 

2.2'? 	T a a we see that ground water contour map b3coa O a 
powerful , tool in the hands of an engineer for selecting the areas 
of faobra)4e p3 rm3ability and the best possible souvce of g n 
water* supply. 	 • 

2.28 	As for as the author knae, not ucb attention is 
boing' paid to the water table contour map while locating state well,. 
Generally, there are located, at th3 highest spot of the area tbtch Aa 
to be irrigated by the wall irrespective of water tab la study. Area 
to be irrigated by one well o± 1„5 cusoaa is about 10 aeroe o 2 otdeo 
losing the advantage of the best possible site, there is oesetimae 
economical disadvantages too In choosing the site at the highest place, 
which in done because of the gravity flaw Irrigation metho6. 'In this 
vast area, tho ground oontcsura vary a lot and there3Llro the water' 



teb o contours will also vary 	 ara221) 
2.29 	Suppose there Is a difference of 3 ft. in the 

ground levels of the highest spot of the area and the spot which 
win be most suitable as revealed by the water table contour. map, 
if the difference in the water tables of the two spots Is only 
1.5 ft..2 then the bead' against which the pump will work it located 
at the l ter spot to rates the water at tba highest level of the 
ground will . be 2.. ft. least than if the pump in located directly 
at the highest spot, 

Thus for a discharge of 332000 g.poho and pump 

efficiency of 60 the saving is the 	 6e ~s ' 	g 	pumping cost ~rl~iaa calculated 

2 

H.P. 	= 	 '8 q\ o4) . 

0042 H.P. 
Pi d electricity charges for 
0,42 fldp• ~T . i NYl000f LP. per 

yet' =The 6300 

4 	 t 

Voilam running for 5000 hours approx. pr ocr 
therefore i' Hr. per year will be 

0&4.2 ? l$ 	,L 	 746 z 21 Ke~LJ a Hr . 
1565.6 L$ J . H. 

Cost of electricity @ 55 n.P, /J',Hr. 
Than annual saving 15 	S 5 + G3 

Bs. 149.3 
Say Rs. = 160.00 per wall. 
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30,,30 	the location of toll at a dopreesioa point .moano 
making the watGi courses in filling and more o ndituro on maim-
tenance. Author feels that the Oxtra maintenance expenditure on 
gals in small. extra filling portion will not be much and tbue not 
saving of about 1;.i25/' per well will acrue bye saying alight atten 
tion on water table while iodating the well. However, it needs a c.ioc.0 

,. chock before taking final docieion0  
Also in an area where 300 welio are located and 

if the caving to 0,5 fl 4, per Uoii for 100 walls on an average p thefl. 
the extra U.P. released for Otor purpose will be 60 H.P. Waldo 
an operational saving of Rya G0OQ/- approx. 

	

2031 	The above catculationo have been made on the aeoun 
tion that drew den in both the cases will remain the eat. EowevOr t 

the rmoability at the place where the stream lines are p Iacod 

further apart will bs good Which will result into 'a lessor draw.. 
ddrA and consequently In a still batter economy, 

	

2o32 	3_tc 	R 	x 	tq` t e a. wcfi i 	C Af Ao 	 f o r a 
1Ihon a well is tamped, the water' is removed from 

the aquifer surrounding the well and the piezometric surface is 
lot ored and in three dimencioAs assuo s a conic shape and is kna x, 
no the cone of depression. Outer limit of the cone defines the area 
of infiuoneo of the well. Dupuit derived his formula for discharge 
from a well assuming 

2..) 	the flow to be horizantal and uniform ever whore in 
a vertiZ&cal section 

	

(ii) 	the velocity of the flcs to be proportional t the 
tangent of the hydraulic ,gradient, 



o'i tn, the, wolf diaoharsa Q at at r diatanco z for atoadyy radial 

f 3 cs (. 1giro 2032) a.qualo 

= 2 N 	b! 	 aaaaosa ( 24 

Ro.arrang21n 	 9 bk 4h 

XQtegrat"l,ng 	`too 	2 N bkh + 0r csa (25) 

Sribatituting the boundry c ondtt . ona at the wolf 

Ii 	ha►idz= 

	

t lots 	p 2 

Substituting in oquat on (25) and oo3.ving for Q 

pro Sat 

• logL'w*m 	O s s.• e o s 	 GAD 

2g33 	Relation whoa that b incroaooa ndofinS.toly with 
i.ncreac3ing x. sat tha max um h is tho Initial uniform hoad ho. Thuo l, 
from a thooratical aopectg otoady radial flow in ort3naivo confined 
aquifer d ao a not o4at. Rowovor,  $ tr ac. tioalty - h approach3 o ho with. 
djataaoo from well. For a radius of 1 '01uoaoo z xc and h ho we 
sot* Qz2xkb 
• oZo/tea' 

• Eliminating from equation 26 we got draw down 

hc4a (her) 
iog 	iVd 

9 a 	Equation (26) to known as 'hiom (2) equation and 
ed 

onableo the armeability to 'ice determined from a prt mpkwof ,a The 
o o o 2fIciont of jo rmGabi ltt y to g1~o A by 
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u 

flioro 2 biA b2 are the distances train the roil contra and th 
" ,c ad o of tho reap ct ive observation wells* 

2635 	bead r i 	 to a Wal f.n an ,  a1 j onpiic 
u. uUOL Itg. 235 ho ►a the. 'iof . completely penetrating the 
aquifor to the horizontal base and 'a ooncantriag bowidry of constant 
ho~6 surrounds the We it a The C11 d aohnr o 3M 

2 h* 
Integrating betwoon the iimito 	at - 	and 

h = bo at = too yio ].dn 
Ak (1ic2 	hw2) 	 aaasda 	, 

Boo cc of largo vertical fiar conpononte, thin 
oquatiOn falls to daocribo accurately the drac~»darn curve near the 

ll, but 'Q La determined sufficiently accurate. The value a co 
ranges from 500 to 1000 feet, 

apart from the drat darn the -foiicrtug 
looses also scour in a well: 

loos eaueod by flow through we'LI ocreon.' 
(b) 	lose duo to flow inoido the pipe to pomp Intake 

Since the loss in the pipe occurs duo to turbulo nt 
flcar, it may be taken as proportional to QUO uhero it is a constant 
greater that one. Previously a value aa2 was assumed reasonably 
octinfactory (16) but latter ex p rimonto by Rorabough (1?) ehoc d 
that n may devil© significantly fr an 2 and should be eanpubed from 
atop dr t down pumping teats. The value of a will very tram wokl to 
well duo to different conditions. But the major part of the iooa of 
head; occurs in the formation, where the energy azpandc in over. 
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n 
moving vator is directly proportional to that rato of motion. 

2 037 	Prom equattoa (2G) of a confined aouifor ro rraa«* 
gong we get, taking into Account the well losses as described In 
par c 2,331  'the total draw down 

 h " ' 	108 	+ C, 	..... (28) 

where c to a constant and Ito -value dopeado upon 
the radius, construction and condition of the walla 

Lodi log ( '/L = log t 

than Sw = BQ + C, ( Soo fig. 2.37) 	 p... (29) draw 
i.e. totaladrawo s consists of aquifer lose BQ and well lose 

CQn. Factor B is defined as the resistance of tlr) formation. 

• 2*38 	in order to minimiac the bosses, it is necessary 
that the velocity into and within the wells arc is pt to amintnum® 
If . the well radtuo In dc bled, this IIQ1X double the Intake area 
and will rducc the ontranco velocity to almost half I  and ( tf A = 2) 
cuts the fricitionab loss to loss than a third d For axial flow within 
the pipe t  the area is incrcaoo4 four Uwe which will roduco tho lose 
to a greater extant. Graph in fig. 2.38 illustrate the variation c 
troll foes with discharge (17), Wall lossdue to axial flow is iuucc 
higher than the lose due to water ontdring in the you (18), 

2,39 	Spocifte capacity of a well is dof .aed as the -ratio 
of discharge to dr a'n-don. 

Specific capacity   
s 	# 

orjL = 	1. 	if n=2 
OtT 

Thin roiation ahc s that op cific capacity of a well. 





4ocroacec with incroaco of Pion and .n flOe constant,,  
Eg ojjAoAtT!1j i a. c nn fined 

8a 	Co cider a cy i .ndxicax oh3)i of height bi Inner 
radius i and outer rediuo z + dx0 by principle of continuity the 
ca 'ard fioT from the ahem, through its inner cylindrical surface . 

&ii.iarly out 	flo i through the rotor cylinder curfaco 
. 	 Z 

~cx 	r7x.' 

o own of theso tro i ust be equal to tho time rate 
of decreano of tho onciocod vo .w4 of waterbotacoq tuo i pervious 

hounding planet, 
The time rate of $ooroaoo of the encloe3d '!lino 

Of''cito' 	 Z'~xc~xS `7ti 

Moro S io tho c.o..oPficioat of otcrage (26,26) . . 
Thero f oro s 

_ ~~ckdkS ~h 

8,irlpiifying wo have 

0o4r+bai (30) 

The condition for a correct colution of this 

difforonti.cx equation arc l.* 

o= 0 	'h O 	for t 0 

nit 	a 0 	20 	' 	> 0 	as 	A # e • (b) 
x `c1S 	) 	= 0,~ 'or ~'i 	> 0 	« a (Q) 

Lir1t 	z ---  

Th*io (p7) aoauciinr an analogy b3tuoan the ground 



d ,fteionttal equation (30) and gave th3 soiutione 

e"du 
• qKT ,S  

4T& 

This integral Is knmrn as ezponenti¢.al integral.e 
The solution for this equation Is represented by 

the f olloving expanded convergent series, 

u _) 
oeoaooas 

V hero it n. 	
= 
= 

or ao can unto 
t--

t~) rharo •  

,Q z 'all disohargo in CUoflao 
T = Co officient of transmissibility 

Ononsntial integralo knova as well function 

the or Sweat and is give a by 

241 	A floe»dim3nsim plotting of equation (3 d) or 
oquation ( ) shows that draw doin at a given distance trcm the well 

increases very slaaly at first and reaches a maim ► rate of iaooaoo 

at t/t 	I and thin i;s the point of inflection ti mo . t* Is called to 
ca fled the 'n 'lection tine, 

A plot of equation (34) on a sern1tlogaritbiniic paper 
ohmrs that value of function V(u) tends to b©oomo a otraight line 
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avoo appro ncitoLy by the first two Items in oquatS.oa (33) at 
thi other terms bscor avgligibie p- 

Yo 	 , , ► 0*5772) .~... b.. (35) 

Thorefora, frrom equation (29) the total dr r darn intho wo11 can bo 
©xpro.osod as 

0,6772) + +CQ •.. ($6) 

be co *• 	being tho offootivo radius of the gall, 
• om a d?cr don toot, the :lib fitting the 'd at dOi ,:test dato. 
oab1oo the formation aooetaot to b3 c omputod. Rapid tjoXutioac , aro 
obtaino d from 	: 

and 
11 

a ' 	 eta .oae(39) 

Aocum ng that* 
o 	effective well radius is equal . to noiLna1 wa11 

• radius.. 
9.50 	The value of $ calculated from oquation (38) 

hobdo 	 bolds within tb immediate tric2.nity of the 'aofl, 

2.42 	® Y? 	$ M$' 

ft cm equation (36) wo h vo 

•=• 	
O.6772) +C ~. 	~ 	 CO 
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,g. 2.42 ehus a plot of an obs3rval wo'll dato 
of drr d o ri and tL r3 . The dieohargo of the main uo ll 6 d ,a.. = 1.6 
auaoe ( normal djschargo of state Ywefl). Tho dtotanco of the obaer- 
vation well 'ron the rain. dieoharge voil 	1000 ft. 

t != the graph it to coon that char in draw 
darn over one log cycle I0 2.20 ft. Therefore substituting in equc 
at ton (37) we have 

T 	2930 	. 	= 0.12 eq. ft o por coo. 

Tho intercept of the line for zoro 6rawa dean to 
.700 ooco. Therefore from equation (38) 

• .8= 

060400 sec 

26 A 0  Tr 700 
106  

000019 
The value of fraction 	for oaa day i.e.. 

.v 
,; Oa 2108  

° 1og10 = 10g308a7 Z 1O&  B 
w 	Y 4 

Substituting to equation (36) wo ,g3t 

48 = 	1.5 	x (2,303 z 94 =, 0.68) .c C Q2  

106220 	+ Ce 

20 CQ2 



or C a 2,25 w 28 or  
0 	12.4. (Sco2  

2, 	Ca].culations of the above pars ahoy that, BQ waa 

20t -after. 24 hours of continuous pumptago The observed + raw4 rnvac 

48' and CQ roil losses wore = 28.5'. Io the example solved it was 

assumed that effective radius of the volt as tho Mao as that of 

screen but in case of graved pack VOI .p9  the affective radius y'OM 

be c 000iderably be changed and the 4 ra z.doen will bo siotbat loco 

due to decreased head lose 

2,44 	Jacob (16) shed that by the help of o mvitlplO 

drawn down test s  the effective radius can be calculated from equation 

(36) and can be given as 

.....e. (39) 

2;,45 , 	if the storage coefficient and trancnd aibility 

of tho bed and effective radius of the well are determined, it to 

possible to cqnpute the resistance 8, at any time, kaczing the factor 

CO it is possible to compute the roil Lass. Combining the two, the 

total drav-dari In the pumping well may be determined for any the and 

for any pumping rate. 

2+,  

by this t tbod it io possible during the life of 

a wail, to determine both the components of its spy cifie dren.4 ra 

facilitating 
(1) 	recognition of oncrustation of the careen or oacd 



pacing of the ravo % pro ll due to which yto ld 

from the well.fa'ls. 

(2) 'evaluation of affoctivoaooc of gravel packing 

and varisuo development operation  practiced In 

wo ,l conatruction, 
(3) prodiction of the trend of pumping levels with 

tim3 and therefore proper selection of pump so 
ac to give optimum pD rformance during the life 

of the well. 

(4) Knolc4gc gained by ouch testa in an area will 
help in the propo r gravel packing and ccrocL 
opening for mazium well efficiency. 

(1,) 	Pram the survey of wells it was f xnd that the 
state walla are generally located at place c wb. rc it Is most c oavoniu' 
oat to have gravity flow irrigation, Wo study of water table contouro 

was made. In fact, at'V eecnt also no such study.ic being made. Prom 
djscusoiopo of Ia ran 249 to 2,21 it to clear that In odor to locate 
efficient and 6coonmia iiello in aomo prticuicr areas  a .prior study of 

• water table contour and ground contour go eccentialo 	ap  having 
A mnap hav►vg 

Liar cuh obgtoaro will immediately reveal that raamed. and atooply rising 

water table coat urn indLcato a fine formats on which may not bs much 
favourable for vo11 conatructioff, 

10 Sher apart and fiat contours shct a coarse formation with better 
permeability . (r or pare 2.2 to 2o26) and voila should p oferublo be 
located at such placoa. 



C• 	A study of water tab .o will somotimoo i's ou ,t Ia 
sa ying  of op8 ratio1a .• coat Be detailed. in paraa 
2.18 to 2,30, 
-After a wo 1. has been constructed, a di' .din toot, 

(r lfor parse 2,38 to 248) i uat be carried out. Draw der-in test ' at 
prno©nt being One on state wells to find cut disaharo pr foot ' of 
depression do not serve any useful pureoco. This tost will be .moot 
helpful and Is recommended for separating tha two i0000s so as to 
ascertain the source of any tr eablo in future by a subsequent dr€i 
6oaa toot. The test will help in taking remedial. measures as to 
prevent ulitmate Ea2.iuro (para 240 to 2,42) 

. 	
00006 
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D 	Diameter of the well screen. 
Fy d Difference in momentum, 

9 	r- Acceleration due to gravity, 

hpz = Piezo metric head inside the well scDeen. 

Ahpz: Difference In piezomebric head between the tnside and the 
outside of a well screen. 

A h'pz Difference in piezometric head between the Inside and the 
outside of a well screen at the end through which no flow 
passes, 

k : Roughness factor for the inside walls of the well screen. 

t 	Length of the paforated Section of the well screen, 

Hydrostatic pressure, 
AP : Difference in pressure between the inside and outside of a 

tbr well screen at a point of the well screen. 

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

V 	Average velocity parallel to the longitudinal axis inside 
a well screen. 

V 	Velocity of flow through the opendings, 

Z 	Distance from a datum,, 

y 	Specific weight. 

Co-efficient of dynamic viscosity# 

T**T***T*T*T* 
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A 	Cross-Sectional Area. 
Ali 	Percentage of total area of a well screen that Is open area. 

Co-effialent defined by equation. 
Co 	co-efficient of contraction. 
Cq a Co-efficient of discharge. 	wM 

O 	WeU1 Screen coefficient depending upon the screen and the 
,g ave envelope. 

D  Diameter of the well Screen. 

Fy = Difference in momentum, 

g 	Acceleration due to gravity,. 
hpz  Piezo metric head inside the well screen. 

I~hpz 	Difference in piezometria head between the Inside and the 
outside of a well screen. 

A h'ps= Difference in piezometric head between the inside and the 
outside of a well screen at the end through which no flow 
passes. 

k 	Roughness factor for the inside walls of the well screen. 
Length of the paforated Section of the well screen, 
Hydrostatic pressure, 
Difference it pressure between the inside and outside of a 
tk well screen at a point of the well screen. 

Quantity of tlow,parall.el to the screen axis past a given 
section inside the well screen. 

Average velocity parallel to the longitudinal axis inside 
a well screen. 

Velocity of flow through the opendings. 

Distance from a datum. 
Specific weight. 
Co-efficient of dynamic Viscosity. 
Density. 

L 

P 

AP 

R 

V 

V 

z 

y 
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3.1. 	ENERAL  with the rapid agricultural and industrial 
growth 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 orores of rupees will be spent 
on sink .ng•of tube wells..;  To .ttilise 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. 

3, . ' The yield from a well depends upon 

I, Characteristics of the underground teservoir, 

which can not be tempered with. 

1, Well structure and the pumping efficiency upon 

which depends magnitude of draw-down and opera-

tional cost, 

The factors as stated in para 3.2. can be manuplated 

to get best advantage from a well system. As such, modern resear-

ches are largely directed to establish better design criteria and 

developments of well structure. These engineering structures are 

governed by certain theoretical principles.1f these principles 
are observed'Conspicuous y, 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 is both Important and difficult. 
The well screens have come into prominence in the last seventyfive 
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 strainers. But the present day 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 efficient and good well 
screen arei° 

I. It should provide minimum resistance to flow of 

water into well. That is transmitting capacity 

should be high with minimum head loss. 
It. ! It should prevent a.desirab e sand movement into 

the well. 
It should be strong enough as not to callapse. 

XV. It should be resistant to corrosion and deterio-
ration. 

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 its maximum effici -
ency f  and y there "ore., a compromise is neces ar ,`ln, between) the 
several desirable characteristics which must be evaluated before 

hand for the particular fIeld conditions. 

3,6. The discussion on well screen in this chapter has$  

therefore, been divided into five sections according to the items 

'iven in Para 3.4. dealing with the Influence of these factors 
on well design and its life. As discussed in the previous chapter 
the ground, formation has an important part in the design of well 

screen. Importance of sand tests can not be over empfaaized.a .,e 

such typical sand analysis of about a dozen w±tk wells of various 

district' have been given as sample in appendix *CID 
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3.7. 	The flow through and into the well screen can be 

imagined as water flowing through a series of orifices openings 

and then flowing into a pipe manifold moving along the axis of 

the screen. As the water enters the screen$  a conversion of the 

potential energy to kinetic energy takes place and the jet is 

formed. A dissipation of the jet energy, which can be assumed 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 acce&orates in a direction parallel to the centre line of the 

screen. 

	

3.8. 	In figures 3.8, a well screen of length L and of 

diameter D is placed submerged in a liquid. The water enters into 

the screen through its openings and flow out axially with a veloci-

ty V. The top of.the screen is under a head Ah'pg,  

	

3.9. 	As a first approach to the solution$  considering the 
.- 	screen surrounded by a liquid only, the loss of head caused by 

_ flaw through a screen will depend upon the characteristics of 

screen. geometry, the fluid and the flow. The most important varin- 

abler influencing the flow are:- 

1. Screen length, L 

2. Screen diameter fl 

3. The percentage of open area, Ap. 

4. The co-efficient of contraction for the opening Cc. 

8. The internal roughness of the screen Z. 

6. The difference in pressure between the inside 
and outside of the screen - A p. 

7. The velocity of liquid in the well screen V. 
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8. The mass density of the fluid, '. 

9. The co-efficient of dynamic viscosity, j 

3.10. The above variables can be arranged in the following 
relationships- 

f ( L ID,is pIZI J', , V0 Ap9 4) =O.-(31) 
Taking D,, r, and V as repeating variables ad , solving by dimen- 
si.onai analysis we get the function t- 

	

f2 (L f # AP, Cao°~ yD 1' 	) O"(32) 

	

r 	 At 

The parameter v can be written as 	by multi- 

if the pressure loss is assumed to take place 

between two points at the same level. Equation at (32) can be re-

arranged as- 
a.~, 	C C 	)_ X33) 

3 	c , Ar i ---- 	/mat 

3.31, Since the effects of the viscosity are of secondary 
importance and the drag inside the well screen is almost entirely 

the influence of the jets Issuing from the screen openings, there- 
tore, the Reyno3di s number and the roughness parameter can be 
neglected from the consideration and the equation (33) reduces to- 

3.12. Assuming that: 

1). there is no acceleration normal to the direction 

of flow. 

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

sections considered and 

3). there is no resistance to flow andyhus 

We can utilize the usual relationship by applying 

the principles of continuity, energy and momentum. 
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3.13. 	Thus we have- 	_ v2 A2 - - - - -- Q3s o.) 
v Z/z + P Q

+z, 
_ v-/1 4 	i z 	- - - ( s ) 

where subscript 1 and 2 correspond to the section shown in the 

figure (3.8). 

3.14. The ±ncreament of discharge dQ, through an inonment 

of length dl.,, can be shown by the energy and continuity equation 

to be 

dQ = Ccv,?z; 7hzv
~
_zd2,.---(36) 

Integrating equation (36) , the total discharge into the screen is 

Q = Cc AP 7,z sVi 	A z_ dL --(37) 

Now considering section 1 and 2 and applying momentum 

equation to the flow within the pipe we get equation :  
Ay (hhx, - ~~z 	_ - 	- c-~2vZ) - - - - (36a) 

The differential form of which is 

-A2- o Avvt = c L~2 ) 	- -- - - 

If the piezometric head h p y on the entire outside surface is cons- 

tant, then o c-. - 	 ,x 	- - -  

Therefore equation (38b) can be written as 

Integrating this equation we Dot 

$ 	 4 z = L~ Z 	W~r.er. 	= U Since 

tlhe 	L is the difference In piozometric head 

between the Inside and outside of the screen at the point when 

L = 0. Rearranging g equation (4Ob) we get: 



Difforentiating equation. (42) with respect to L too got 

dL 	- 

1Ihen equations 360 42 and 43 are combined into the 

diamensionless relationship we have 

Integrating equation (44b) we got 

).- z 

in which C = 11.31 Cc.Ap. __• - --- (44 ) 
Applying the conditions when L = 0 we have 	 there- 
fore the value of C2 0. 

Substentuting the value off'&hpz' from equation 42, 

the relation at 44C can be written as 
4ti 2 	- 

 
Cs 	i-\ 	— - (ASS 

Q2' AZ ̀~ 	~ 

or In terms of velocity 	-D 
vh_c, 

\1 12i    

.15. Thus we find that equation (45) is a specific rela- 
tion h p that combinds the dimenbionless parameters Cc, AP and 

D 
into a single variable. 

3,16. If we plot the two dimensionless parameters(t, )and 
in the equation (45), we see that loss coefficient factor 

DA z 
bunt= becomes nearly constant for large values of cosh 

and therefore plus or minus one in the equation becomes insig~» 

nificant, 

2 

3.17. S. Peterson and others (1) after taking Into account 
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3. 8. A larger value of Q than the critical value of six 
D 

can be obtained by* 

(a) increasing the percentage of open area Ap 
Ih 

(b) manuplating the opening the such a way as to 

increase the co*efficient of contraction Cc.' 

(c) increasing the effective length of the screen $ and 
(d) decreasing D. 

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

percentage of open area of the screen will depend upon L and 'D 

But decreasing D also reduces A and consequently increases A hhz 

3,19. The above discussion and experiental verification 

was related to screens placed in the liquid only (Para 3,9).When 

the screen is surrounded by gravel or sand the problem becomes 

more complicated due to several additional factors creeping into 

the the problem, Some of the important factors creeping Into the 

problem are: 

(a) Size 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 screen, and the 



the affect of viscosity and boundry zone conditions for flow in 

the pipe have obtained the graph (fig. 3*1?) which closely follows 
the theoretical graph, obtained. from equation (45) . From the graph 

i.t .s' observed, that ,the. curve becomes asymptotic to a loss co-eff i 

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

coefficient is constant and is equal to a value two for all val s 

of 	greater than six. . Since the loss co-»e€fioient is a measure 

of loss, the loss is a minimwn hen the parameter( 	) is mini- 
4'-lA 

-mt2m he.,s co-efficient Is minimum, 

3.188. A larger value of jM than the critical value of six 
D 

can be obtained by- 

(a) increasing the percentage of open area AP 
lh 

(b) manuplating the opening the such a way as to 

increase the co-efficient of contraction Cc, 

(c) increasing the effective length of the scroen,and 

(d) decreasing D. 

Hence we find that for head loss to be minimum, the 
1 	. 

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

But decreasing D also reduces A and consequently increases ©h\Z 

3.19. The above discussion and experiental verification 

was related to screens placed in the liquid only (Para 3.9) .J  hen 

the screen is surrounded by gravel or sand the problem becomes 

more complicated due to several additional factors creeping into 

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

problem are: 

(a) Size 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 screen, and the 
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(c) Standard deviation of the gravel. 

3.20. Duo to gravel packs  the open area of the screen is 
partially blocked and to take into accountthe above factor 
Peterson etc. (1) have suggested a now screen co-efficient Ca which 
is expressed as. 

Cs 
Ap 

where Aa = percentage of open. area when gravel surroundo the Casing 

The equation (44d). is rearranged as:  

0 11.31 Ap Co. - - - - (47) 

in which Cs replaces Cc and includes the reduction factor for A. 
For screen placed in liquids only Cs z Cc. Therefore equation (4?) 

is valid whether the screen Is gravel packed or not. Peterson etc. 

have shown by experiments that loss through the screen is indepen-
dent of the gravel envelope (fig. 3.20) except when the percentage 
of open area in the screen is inadequate and the size of the gravel 

3,21. Equation (.46) above provides a method for checking 

the head, loss incurred. by .flow through the screen and in the well. 

Since the head is not constant over the entire length of the screen, 

the diffe'en;tial head will also very from point to point over the 

length of the screen. From graph (fig. 3.21), it will be seen that 

value of- Is greatest at the discharging and of the screen 

and decreases with an increaOe In distance from this end. 

3# 22. Lab. exporiment indicate that practically all the 

flow into , the well takes place only through the length of screen, 

from the discharging end, necessary to obtain a value of 6, for 
i 

therefore better screens must be used at the discharging end of 
the well, 
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.23. ► ince ' the maximum defference in head occurs at the 

auction-pipe intake (refer pars 3,21), the velocity through the 

screen in this region will be the greatest, and t  consequently 

excessive sand movement Is likely to occur. This fact must be 

realised .while choosing the screen. 

3.24. Another theoretical computation has' been establish-

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

screen surrounded by gravel which shows that the screen length 

for which loss co-efficient becomes constant b depends upon 

permeability, IC, of the formation and the thickness of the surroun-

ding material. 

2.25. Design criteria resulting from equation (45) can be 

summarised as follows:- 

1). To have minimum screen loss, the value of 
D 

must be greater than 6. 

2). ForcD >G ,the gravel size can be chosen for 

best sand flow control.  

3) . The actual 'head loss for a given discharge fore 

Values  C  -'G  depend only on the diameter of 

the screen. Therefore minimum value of loss can 

be obtained by manuplating to 

4) . The greater part of the flow Into a- well takes 

place over the length of screen _(measured from 

the discharging end) required to obt& n a value 

of 6 for Q,  The quality of the section of screen 
D 

is,. therefore, of greater importance than that 

of the remainder of the screen. 
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3,26 Gilbert Lee Gorey (3), uorked out the relation in 
screen co-efficient and loss of head and has concluded that when 

the screen co-efficient is about 35% or greater, it has little or 

no effect on the loss of head through the screen. But as the co-effi- 
ofent decreases., the loss 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. 3.26). 

3.27. 1 hen the value of screen co~»effieient becomes less 

that 15% the velocity of the jet is increased due to reduced area, 

Momentum of the jet is increased and a greater amount of energy is 

dissipated In deflecting the jets through 90°, leading to a greater 
head loss inside the screen. 

3.28. In the provinco, at present no such design criteria 

for minimum head loss is being followed. From the survey conducted, 

it was seen that almost all the wells, whether they were of straight 

screen type or slotted type, had diameter of 6" and the screen 

length 100'. It was due to the fact that no such criterias (refer 

Para 3.25). were available in those times. It will# however, be 

interesting to note that a head loss saving of as low as 1.0 ft. for 
a discharge of 33500 g.p.sh.(l.5 cusec) from a screen of 100` length, 

the saving in operational cost will be %. 64/- per year approximate-

ly as shorn belowt 

Saving In H.P. 	3..5z 1 	62.A x 
5 

0.262 

when the pumping efficiency Is assumed to be 65%. Assuming average 

running hours per year to be 5000 hrs,,the cost of units consumed 

at 5.5 s. per nit will be- 

Cost of electricity = 0.361 x 7460 5 QQ 5 5 
1000 x 100 
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It will be seen that saving in LP, per well is 
0.26 if.P,. end for hundred such,  wells it will be 26 H.P. which 
can be utilised in some other works. 

3.29. In order that the screen for minimum head loss be 
designed quickly by the working engineers In the field after 
ascertaining the following factors,:- 

I. depth of . water bearing formation. 
II. the size-of openings. 
M. the size of the gravel or sand in the surroun-

ding aquifer. 
V. size and type of pump and its location. 

V. Proposed maximum draw down in the well. 
It is necessary that screen co-efficients for van - 

ous types of screen and gravel size combination be readily availa-
ble to them. At present no such published data exists in our 
country. It is felt that the work in this direction for finding 
screen co=efficients for a wide variety of screens will be of 
greatest practical value to the Tube-well engineers, The influence 

. (foss a.2.9) ' 

of the factors enumerated above on the performance of a well is 
discusaad in the subsequent sections. 

In U.S.A., screen co•efficienta of large number of 
commercial screens with various types of aquifer formations are 
available (1) . 
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3.28. From appendix B, it will be seen that 'cause of complete 

failures or partial failures of deep wells in majority of zcases 

was due to sand discharge which was either in small or large. 

quantity damaging the pumping equipment, clogging the screen and 

lowering the efficiency of the wells. Sand discharge. actually 

accelerated the failures in many cases. 

3.29. Q2: The sand movement is caused due to Inherent 

capacity of water current to dislodge materi .s which are at rest. 

The transporting power of a water current is reckoned to vary as 

the sixth power of its velocity. According to the laws governing 

'the transporting power of a flufd, the diameter of the material# 

which is carried, increases propertionally to the square of the 

velocity,, An idea of the dislodging power of clear water can be had 

from the table below when compared to dislodging power of fresh 

air (7) -: 
=== =a-= == ===== 	 ==wT-=_========= ====rte========= 

Size- 	,of wat ., 	Vol .of M~ windy 
Diameter 

+rrrir 	 wrr.wwM 	 rrn*rwr~ 
Material. 	f.p.s. m 	

~ 
.p.h. t.p.s, m.p.h. 

Fine sand 	0,O 	6 Sri. -gin. 0.34-0.61 18 

Coarse sand 0.04 	1.0 

Gravel 	1.00 	.2.5 

0.68 	36 	25  

100 and above. 

When the water holds in it mud in suspension then due 

to Increased density$ Its carrying power is much increased for the 

same velocities. 

3.30. There is certain critical velocity (6) at which sand of 

any given grain size will be dislodged from its bed and carried 

into a well under any constant set of conditions. The sand ,classi-

fication according to American Institute of Mining Metallurgy is 
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0.005 - 0.01 
0.01 - 0.025 
0.025 -0.062 
0.062 0.1. 

meter 
Fine sand 
Medium sand. 

Coarse sand 

O 
	 Fine , gravel 
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given bereundar .- 

3.3). According to Griffith , (8) ,Parkers table gives veto-
cities abovo and below which the material indicated 1-s carried 
or settles in water. 

Material. 	Vol. f.p, s. 	Material.. 	Vol. f.p. s. 
rr~wrw __ 	 _+4— 	 .'i waterer-- 	_r 	 ..__M __ _.'r__~~~M 

Soft earth 0.25 Coarse sand 0.8 
Pine clay 0.25 Sand Zk gravel. 1.0 
Soft clay 0.50 Gravel 1.5 
Fine sand 	0.7 	Pebbles 1" 	2.0 

Another table giving lifting velocities of sand grains 
for various sizes in millimoters, with a specific gravity of 

about 2.65 (9) is as follows : 
.'«CL'==Yb`.w = = =.. ==.".̀.== b"..= L.S =================================== ======= 

imetcrofrain. .. 

	

[Tpto 0.2.E 	 0.0 • 1.10 

	

0.25— 0.60 
	 0.12. 0.22 

	

0.50. 1.00 

	

0.25— 0.33 

	

1.00- 2.00 
	

0.3?.' 0.56 

	

2.00- 4.00 	 0.60.' 2.60 

3.32 Rabbit, otc.(9) have suggested a velocity of flow 

upto 0'2 f.p.a.suitablo for wells. But s however, the most suitable 
velocity of flow of water from consideration of sand movement in 
unconsolidated aquifer and head loss is 0.10 ft. per sec. (1al0p11) 
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and Is widely used for designs in calculating the screen dimen-

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

3.36. 11=MgYd; t~~ rC A 	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 coarse 

sand. Where fine sand beds are not perforated but coarse sand gra-

vels are, the water from the fine sand beds will run down outside 

of then casing to the beds that are perforated$ trashing clay from 

the intervening beds, causing the water to m be turbid and thus 

more powerful in carrying sand particles with it (refer Para 3.29) . 

The drawl-down to the pumping level furnishes the differential 

head for flow outside the pipe between perforated and non-porfora-

ted. beds (12) . 

`~Aa34• 	1V~` ~i V' 07 SAN 	 Sometimes es m nor cave-ins 
cause the water to became turbid. Jhen enough and is pumped 

but of a particular stratum, a cavity will be formed in it and 

the clay bed above It 'will  sag doe n causing a run of clay and 

sand, and in some cases even collapsing the casing a potential 

danger for well life. 

3.35. IN 'LU NCE OF CLaG3INGi.. logging 'of screen perforations 

due to deposit of sand particles on the openings or clogging 

due to any other cause reduces the area of openings and increases 
a' 

the velocity of flow through the remAnder of the openings thdreby 

causing more sand pumping as time rolls on ( Refer appendix B'). 

3.36. XCIQQPNThOL 07 PU. Improper 

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

back into a well from the discharge tank' under a high head, causing 

upset in chemical, hydro-static and formation setup conditions: 

within the circle of influencer the deposits of, the products of 
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corrosion and incrustation on pumps parts and on the interior 
tails, to Say nothing of the continual surging effect to which 

the well is being subjected. The continual upsetting of the 

hydro-static conditions in and around a screened well often leads 

to sand Infiltration or sand pumping as well as Incrustation 4 
(13), 

3.37. IN  CE 0? 	N $X  :- "Sand Gravel" 8r "alluvial 
deposits" in which the wells are located vary from the finest 

particles of sand upto boulders mixed with clay and silt. If 

the formation Is poorly sorted ( fig. 1. 22) with small particcuzn  

occupying the interstices between the larger areas and still 

smaller particles occupying the space between the small particles 

and so on, the result is that porosity Is greatly reduced. It 

must be born in mind that it is the percentabe of fine, minute 

particles that determines the yielding ability and not the 

larger particles. These smaller particles also effect both the 

performance of a well and its screen and if not controlled and 

eliminated may cause enough trouble to pumping equipment to cause 

the well to be rejected as a complete failure. 

3.38.  XICOF P t LQ ENT  :- Previously the main 

purpose of the screen was thought to prevent sand from entering 

the well, consequently fine screens were used which would 

excluded 80 3 to 80% of the sand. That this concept has changed 

now altogether. If the screen size is selected properly so as 

to allow the fine particles of sand surrounding the screen to 

pass into tho well and be removed by pumping etc., then 

development of an envolope of coarse material around the screen 

with gradation. outward to the original mixture will take 

place (fig 3,38). In other words, ,Pr 	rity ,and size of the 

particles in the formation surrounding the screen has increased 



and also the slot opening of the screen. The zone of coarse 

materials formed will be in somewhat oos®n tato. The increase 

in size of particles and slot opening In turn reduces entrance 

losses at the screen which gives a higher transmitting eapaeity 

for the open 'area of screen of 'the length used and in this 

way draw.do . is reduced. ' it also reduces veiocity 'and 'shad. 

carving capacity of the water$  thereby reducing weer on pumping 
equipment. 

3.38. ' To satisfy all the require cents of para 3.30 to 

3.38 above i.e. of' (1) Lois veto city, (2) Low head, (3) Sand free 

pumping, (4) nou sand clogging and (5) proper development, a 

careful sand analysis is carried out before the size' of the 

opening of the screen slot is decided upon. Analysis of 

sand and Its texture can easily be made by the help of a sieve 

test which will show the proportions of tho sample consisting 

of specified sizos. 

3.39. INT 	T 	'S 	i AI 	S z Sand analysis 

• graph is first plotted on Sand cumulative percent retained basis 

and the size of grains as ordinate and abscissa respectively. 

Broad ' priciples of interpretations from such a graph are I. 

(3) Generally, for most sands$ screen opening size 

of which 30 to 40 percent-  of the sample is coarser 

is chosen for sand free operation in thelonger run. 

11. Sand which Is fi irtually homogeneous with a low 

uniformity co-efficient, a finer screen Is chosen. 

• Iii.Sand samples in which smallest size of sand grain 

is present in the largest proportion#  it will be 

profitable to allow the sand size to pass through 

the mush even it it be cc much as 70 to 80 porcont 
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3.40 ~4i 	~, ~  LQ SA t~' ALY.S I A typical sand analysis 

and its graph as outlined In .pax ptcra (3.39) is shorn in fig 3.4b1 

It reveals that the strata sample contains about 3O of fine sand, 

% of. medium. sand and, rest 45% of Coarser material varying in 

different sizes.. The "effective size" Is approximately 0.006 in 

and that the .size of which 4O5of the sample . is coarser is, .025 in. 

approx. The ,"untformityw co-effiejent is . ,.0281 .006. 4.2 indica-

ting a medium coarse sand varying- considerabip in size of parti. 

olesi A screen opening of •0310 js •therefore provided., 

3.41. Discussions of para 3.38 and 3.39 show that screen 

opening size ebbuld be chosen such that finer particles of sand 

in the strata are removed and a large and sand free supply is 

therefore, ensured with minimum head loss. Those finer particles 

from the strata are removed during the development stage. The 

development may be carried out either by ordinary pumping or by 

any other standard methods. 

3.42. It is found practically that the texture of sand is 

not of the same degree every where and even in thesame boring It 

varies widely in different layers. Discussions of previous paras 

show that the main object of design of opening is, as far as prac-

tica le, to remove the finer particles from the strata around 

the screen in the maximum quantity. Obviously, therefore, it is 

of utmost importance that screen openings are provided to match 

the particular strata. If it is not done then troubles are bound 

to arise in future. 

3.43 ,+ER T1Q1M -- 	 P,~4RT a On the state wells 

surveyed by the author (appendix C'B'S) ,this principle of selection 

of screen was, however, not observed strictly and a corornon strain- 
,- - 	- 	-- 	-- . . 	.. 	z_ 	____~„~, _~_ 	 _______. . 
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of grain size and degree of assortment of sand. It is apparent' 

that this fact was one of the main cause of wide spread defoet 

of sand discharge and immature failures ofstate wells In U.P. 

In appendix (C"), sieve tests graph of 15 wells 

fig. 3.43, A.B.C.) are given where a commof screen mesh of $peei-

fications given belo as '"provided. 

S ' Z T' QN£  tg2RAIN t Agricu1Hral type,, '" out 
side dia.*coppar woven wire sheet of 8tx22". The 21 G.i^ .G. ribbon 

wire 'should give ' an aperture 'of O.O115t made of 24 'S. W.G. dire to 

the linear inch in the direction placed togethor.by a series Of 

ribbons alternately 11/16" and 5/3.6 apart. The Woven Wire 21. S.W.G. 
and wire by, 1523 S.Q.G. (made from 24 S.t .G.) 

Eowever, a study of those graphs indicates that screen 

specifications for each sample should be difforont. 

3.44 Above discussions show that the proper sieve test of 

each layer of sand and its correct interpretation Is extremely 

Important for high efficiency and longer life of the well and must 

be done by experienced persons who are we .l on the job. Sieve 

toots are nowbeing. done at "sov'erml places .for new state wells and 

mesh is being selected to match the formation, 'kilt , still at some 

other places, the sand is bong classified by 'see and . touch". 
method and meshes of only t or-throe.sizos are being used. This 

pro coca if continued, will ultimately lead to well disacter In 

the distant future. 	. 

3..45 	 To 

prevent damage to a roll' canned by back flow of water under high 

head (refer pare 3..36) ' an automatic non 'return valve may be pro -

vidod somewhere in between the pump discharge end and the delivery, 

Jomeliwes. a s6wce vale is ohiy 'rov% decl aE "Ihe el~ve -y side . 



But this is not sufficient because the operator sometimes does hot 

close it before cutting the power to the pump snd also the power 

tripping in rural, transmission lines is so frequent and sudden 

that operator can not have any control over, it. 
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3.46 	A well screen is generally manufactured by cutting, 

or punching the perfcnnations on a plain pipe and, therefore the, pit 

1s considerably weakened. While specifying construction materiali 

strength of the finished products must be taken into account. Thc 
screen must be able to withstand lateral earth pressures, pressure 

due to shifting strata andAhe gradual weakening effects of corro- 

lion and erosion. It should have sufficient buckling strength to 
support the weight of casing pipe above. It should not be bent of 
crushed, under these loads. The basic requirements for tb proper 

resistance to stress is the selection of suitable wall thickness 
and spacing of perforations. The strength of the pipe be 
forated is decreased considerably if tb perforations are 

in width than the thickness of t € metal being perforated 
3.4?. 	In addition to above$  there are chances o 

screen being ruptured or twisted from sudden rotary jerks  

collapse of cavity -created In some layer of formation by excessiv- 

sand discharge (refer para 8.84) or faulty construction and loca-
tion of screen in the well, The selected screen, therefore$  must 

have sufficient strength and ductility to withstand such hazards, 
3.48, 	The a topper wire-netting cloth wrapped on perforate 

Pipes as strainers on state wells is very delicate dnd can be 

destroyed very easily by small but commonly occuring accidents. 
The mosh is kept in position on the perforated pipe by soldering 
it on to the pipe. But tl soldering itself is very weak and can b 
broken by slight heavy jerks. While in transport, a slight dent 

at any point of the mesh makes the wire flatten which of course 

is an invitation for rupture by shifting strata. The copper mesh 
can also be ripped off due to lateral pressure. It is also const 
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dorably subjected to crroalon. 

3.49. 	The discussion in pars 3.48 shows that the 

coppor mosh uocd a's strainer on otato wells is not a aultable 

article for tuba-wall construction and in 'majority of cases 

will fail comparatively quicker. For oconomy and longer life, 

a robust ceroon is ossential for dolls. It is believed that 

a careful aoloation of screen will contribute more to the lif e 
of a well in unconsolidated formation than any thing else. 

Special attention vh.ie selecting the' screen must be paid to 

the portion near the discharging and of the well (ref or pora 
a%,c{ aifferehl,a ipressure 

3.22 and 3.23) . In this region the velocity yiil be high and 

to prevent sand movement more open area must be provided hero. 
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CORROSION AND INCRUSTATION OF WELL SCREENS Al) CASINGS 
AM ITS PRE NTH O!L  

C© sOSION OF SCREENS A t) CABINS 

3.50 FJ(AL- The ground water, in general, is corrosive 

or incrustating. Deterioration due to these factors depends upon 

the degree of chemical elements present in it. Rate of pumping 

also excercises a far reaching influence over the life of a well 

screen. These three phenomenas probably contribute to more 

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

3.51 	RAS1F CORROSION:- Irony aid all other metals, 

when placed in contact with water or a solution,, has a definite 

inherent tendency to go into solution in the form of electrically 

charged particles (Iron ions), but since the solution must remain 

electrically neutrals  these positive ions can enter the solution 

only if an equivalent number of positive ions of some other ele-

ments are somehow displaced. In case of iron immersed in water, 

the element immediately removed and plated out 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 combit 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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rate determined mainly by the rate at which the hydrogen film 

is removed and the metal goes on deteriorating. This is the 

second stage of corrosion and is responsible for the majority 

of eases. The rate of destruction of hydrogen film depends upc 

the effective concentration of dissolved oxygen in the water, 

and this in turn depends upon factors such as the degree of 

aeration of water, whether the water is at rest or in motion, 

the salts present, the temperature etc. 

3.52 	The, tendency of hydrogen to plate out from a solu- 

tion increases with the degree of acidity of the solution ands 

therefore, the• reaction In the acid solution is z much more raa 

and pronounced. This reaction is less rapid in more alkaline 

solutions. The irony which enters the solution is soon 

down as u rust and it may further aggravate the situat 

permitting formation of additional iron ions from the m 

3.53. 	 ~r~QNS +~F Tag g REST 

chemical actions can be expressed as fellows2- 

Pc + 2H 	Fe #` 	 (I) 
Metal Ions ions atoms 

This primary reaction is followed by either (a) the 

destruction of the hydrogen film or (b) its removal as gas 

bubbles as. shown below: 
2H 	+ 1{2 0 	E 	_-_..~_..,_w_.»......,~....«..._ ..(11a) 

atoms dissolved liquid 

2H 	.,.,.. ., H2 	 (I lb) 
atoms 	gas 

The reaction (I) proceeds with the accumulation lea 

the solution of Fc which is oxidised and precipitated as rust 

as shows. belows- 
We ` * 	99 © - - Po 	~a 2 OH 	insoluble hydroxide 

(rust) 	-(III) 



3 .64. 	 l I 

.l) In absence of moisture, iron will not corrode 

appriciably at normal temperature. 

(2) Oxygen is usuallyy essential to promote corrosion 

In any circumstance. Dissolved oxygen alone 

will 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. 

(3) Corrosion is more rapid in acid solutions than 

in neutral. solutions, and the latter is more 

rapid than in alkaline solutions. 
(4) Hydrogen gas is usually evolved from the surface 

of the metal during corrosion in acid solutions 

and concentrated alkaline solutions. The evolu-

tion of gas is very much less in neutral solu-

tions. 

(6) 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 considerable influence on the structure and 

density of the rust coating. A loose, non-adhe-

rent coating under ordinary conditions may acce-

lerate corrosion, a uniformly dense and adherent 

coating may reduce the rate of corrosion very 

consider ably. 

(6) Surface films raise the potontial of metals and 
mnkn them mnr 	 to onrrnninn 
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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) In natural ground waters, the rate of corrosion 

generally tends to increase with increase in the 

velocity of water. 

(9) Metals of different composition when come in 

contact with each other in electrically conducting 

solution, sets up a difference in potential and 

thus accelerate corrosion locally. 

(10) Corrosion of submerged metals is not uniform over 

the entire surface and distribution of attach 

determines the useful life of metal. 

(ii) Some biological organism,such as anaerobic bacte-

ria, often accelerate the electro chemical process 

of corrosion. 

3.56.  LOCALISED CORROSION (Pl jU-. )$-THere is very serious 
problem of pitting of blind pipes or screens of wells. Many tube-

wells had to be abondoned due to defects developed by pitting 
(refer app.B) . Holes as big as about 30  dia have been seen by the 
author due to pitting in pipes extracted from failed wells in 

Tubewell Divisions of Muzaffarnagar and Meerut (fig.3.56) . 

3.57. Pitting is merely a localisation of Corrosion which 
is taking place. It is caused by concentration of electric currents 

resulting from potential differences on the metal surface. Factors 

causing such irregularities are:- 

Hetrogeneous structure, metallurgical treatment, surface 

roughness, scratches, mill scale, openings in applied' coatings, 

differential concentration or composition of corroding solution, 
stray currents i.e. electrolysis, etc. 
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3.58 	Dissimilar metals when in contact also promote corro- 

sion rapidly. tlhitman and Russelfound that when 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 agricultx= 

tural strainers are naturally more atoned to rapid corrosion. 

	

3.59 	Scoffeld and Stenger (32) showed experimentally that 

metal surface in 'contact kiith dissimilar 'soils when kept moist, 

activate local corrosion. 

3.60. - In commercial iron and steel several elements such as 

Carbon, Manganese, Phosphorous, Silicon Copper, etc, are generally 

found in various degrees of proportions, and some of them have a 

marked influence on the rate of corrosion in certain media urhilZ 

others have little or no effect. 

	

3,61 	CJPa  It has little effect on resistance to corro- 

sion. chappel (33) from his experiments concluded that corrodibility,  

commercial iwti iron and steel increases slightly with increase In 

carbon to about 0.89%. With increase in carbon beyond this point )  

the corroGibility decreases. 

Aitchison (34) from his experiments concluded that of 

the normal constituents of steels, the cementite structure of steel 

is least attacked. 

	

3.62 	1A1 AId SF:- It does not have an appreciable influence 

on. the corrodibility of commercial steels in which the manganese 

contents range from about 0.20 to 0,60  per cent (25).  tlhen the 

manganese is associated with unusually high sulphur contents, the 

rate of corrosion is accelerated and more so in acid media(36) . 

3.63 	'.R4SPRQR0 :- Diegel from his experiments reported 



that high;-phosphorous steels are more resistant to corrosion 

than low-phosphorous steels. 

3,64. 	LPEi In moderate amounts .t has very little 

influence on the corrodibility of steel in neutral watery but 

the effect becomes more pronounced in acid waters. 

3.66. LXCOJii 	Within the range of 1.2 to 2.3 percent, 
It does not seem to have any influence on the oorx'odibility of 

metal either in dilute acid orneutral solution ( 37 ) . 

366. CQEE • German State Institute for Testing Materials 
(38) carried out .investigations in various circumstances and 

concluded that durability of metals exposed to jDround water, acl- 

die solutions, etc. was increased by the presence of copper. 

Steels With higher copper content rusted relatively less. 

3.67. NXj 	increasing quctities of nickel progress- 
ively decreases the rate of corrosion in groundwater, etc. 

exposure. Rove (39) experimental results on the effect of Nickel 
on the corrodibility of steel under natural conditions is summa-' 
riled in table 3.6?. 

Pilling (40) observed that when copper and Nickel are alloyed 

together In ste $ the beneficialeffects of Nickel are further 

enhanced. These offects become more impressive as time goes on. 

3.68. , E01iII; Tests carried out by Friend, Bentley A  

and West (41) and Aitchison (42) on specimens of steel containing 
Stiowed V1eO%ress;ve decvee 	'vQte c4 crvo o - 

V trious amounts of chromium 

3, 	 s These are highly corrosion resistant 

stools, Iiany varieties of stainless stool, having different 
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for a variety,  of applications -where high resistance to corrosion 

is desirable. In fresh rater and pure air polished stainless 

stool is practically noncorrodible. In saltwater the rate of 

corrosion is very much less than the ordinary carbon stool. The 

rate of corrosion is definitely decreased further by the addition 
of 2 to 3 percent Molybdenum,. 2 an'afacturing of stms.ess.  steel 
requires very exact controls and is therefore, quite costly. 

3.70 If metals are arranged in the order of their tendency 

to corrode galvanically, the following arrangement (43) idU result x 
1. VSagnesi um (Corroded End Anodic) 

2. Aluminium. 
3, Zinc. 

4. Cadmium, 
5. Iron. 

6. Chromium Iron. 

7. Chromium 17i ei.Xron. 

8. Tin. 
9. Lead. 

I0.. Nickel.. 
3.1. . Brassoas. 

1.2. Bronzes, 
13. nickel-Copper alloys. 

14% Copper. 
16. Chromium Nickel-Iron. 

16. Silver, 

17. Gold. 
I$. 'Platium (Protectod and o cathodic) . 
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The metals grouped together in the above list have small tendency 

to produce electrolytic corrosion. But then metals separated 

from each other in the above list# are connected then tiey tend 

to corrode the one highest in the list. 

Influence of elements, as discussed in the proceeding 

paragraphs is of relatively minor significance when compared with 

factors external to the metal . itself. The various exteornál  

factors and their influence over the corroding action is given 

in the following paragraphs: 

3,71.  Q11  - Talker (44) and Speller (45) have proved 

experimentally that corrosion its natural,  Maters is ', usually pro-

portional to the dissolved oxygen content. Soil waters carry 

sufficient oxygen to support the corrosion reactions, under ground. 

Corrosion in non-oxidizing acids is also accelerated by the 

presence of oxygen. Aerated and alkali solutions acre generally 

much more corrosive. The above facts are applicable for both 

ferrous and non-ferrous metals. In general, the total solubility 

of gaseous oxygen Is greater in a cold than a hot solution. It is 

greater in pure water than Later ` containing dissolved substanoess. 

At a. definit temp It is 4ireetly proportional to the pressure. 

Since the ground water is generally cold and is under pressures  

the amount of qpu oxygen dissolved will obviously', be more and 

therefore enhanced rate of corrosion. 

3.72. 	 The temperature, on the 

whole, has a marked effect on the corrosion rate. The accelera-

ting effect of temperature on corrosion in water is shown in 

fie.(3.72). In acid solutions, temperature 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 

examined by actual site conditions, (62) . 

• 3.73. 	 l ' motion of the corroding 

solution, is. Increased, ' the rate of corrosion is also, increased 

because It causes morn oxygen. - to be brought to the .surface of. the 

metal. Motion a Lso tends, to thin the. l .quid film on the metal 

• surface and thus reduces the distance through which the disso&ved 

oxygen must diffuse. Effect of velocity on the Initial rate of 
corrosion in a 1/20 steel pipe carrying tap water is shown in 

• `ig.(3.73). 

3.74. Roetheli and Brown found that at a certain high veto' 

city (not ,stated) the corrosion rate reaches a maximum and then 

decreases, because of the formation of a more resistant gelatinous 

layer of ferric hydroxide. At still higher velocities the rate 

again. Increases, apparently because of erosion.. Turbulant flow in 

pipes increases.. corrosion very much. 

3.75. From Para 3.73 and 3.74, it Is clear that velocity 

of flow of water into the well should be kept as low as possible 

to obtain mazimuzi l .fe of the well screens.' Also the velocity 

of oxia1. flow should not be high in the casing.  

	

3.75. 	~ f~'` 	RT U5&8: They tend to decrease 

corrosion as they displace oxygen according to theory of partial 

pressures. 

	

3.78.  	$r 	w,Q', 	Free carbon di-oxide in the amount 

usually found in natural water, is not in itself a factor of much 

Importance. Carbon dioxide acts like an acid and, by increasing 



the acidity of the solutions accelerates the rate of corrosion. 

The carbon di-oxide solution easily dissoves the carbonates of 
calcium and manesium9 The amount of c, rbonn dt-oxide will 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 which exist may be removed, and in the latter a proteci-
tive coating may be built up. 

3.77 9M EN_& p tl~Ea-~ " rdrogen Suiphide gas when 
present in ground water makes the water acidic and causes rapid 

corrosion. It attacha most copper base alloys and produces copper 

sulphide which 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 the products of corrosion are deposited in 

the screen openings causing incrustation at the same time. 

3.78 P1LVESX4S4N - Besides the above 

gases, many salts and minerals are dissolved in ground water as 

it trickles down the different stratus of earth. Salts like Pota-
ssium Chloride, Potassium Sulphate and Potass iva nitrate Increase 
the rate of corrosion. Salts like zinc-sulphate, Sodium-corbonate, 

Sodium-phosphate, etc. diminishes the rate of corrosion and in 
some cases may even stop it. 

3.79 D Q IPAL'I~:UENc 	Certain primitive twing 

organisms in contact with metals Influence the rate of metallic 

corrosion. Iron bacteria deposits water compounds in the system 

and thus clog the pipe and increases the friction factors increa-

sing the pumping cost and loss of head in the screens. Aerobic 

micro-organism readily developos when the concentration of free 



or dissolved oxygen is high$ whereas the anaerobic bacteria 

developes when the dissolved oxygen is very less or nil. 

3.80 ffLgXML,QL_P V II • The pff value is generally 

controlled by the amount of dissolved carbon-di-.oxide and dissol" 

gyred carbonates and, bi. carbonates of the mineral salts. A pH value. 

cif 7 indicates a neutral solution. A pH value less than 7 indicates 

an acid condition while value more than 7 indicates an alkaline 

solution, When pg is below 4.5 (28) , a free mineral acidity is 

present. In an alkaline solution the corrosion is increased with 

increase of pif value. The lowest corrosion rate has been found to 

occur around pH = 7. 

3.81 QP C , C,.,.GQ~. TA 	It Is the ability of a substance 

to conduct an electric current. Waters with relatively high speci-

fic conductance can cause corrosion of iron and steel even though 

, other properties may Indicate otherwise. Since specific conductance 

reflects the activity of electrically charged ions In water, it 

follows ows that higher the eonduotiv6ty the greater is the rate of 

electro-chemical action. The specific conductance of ground waters 

increases directly with the amount of dissolved minerals in it. 

The water may be elkaline-characteristic not usually associated 

with severe eorroslon, cut $ if the conductivbty is high, there 

may appear severe corrosion (46). Estimates of dissolved solido 

can very conveniently be made by measuring the conductivity. 

3,82 g,A"~ ,TAT.XQS~ EROS 	It is generally found in the 

auction side of pump impellers in the tube-wells. It is caused by 

the formation and sudden collapse of vapour filled cavities by 

sudden change in pressure. Collapse of a bubble against a solid 

surface produces pitting which is characterised by having a sharp 
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granular outline free from corrosion products. The dynamic rapid 

impact of the fluid makes the metal surface free from natural 

protective films, causes localised corrosion, fatigue and accelo-

ration of depolarisation (48 49,50). 

3.83 	EZ I 'I A' t1 	p this type of corrosion, one or 

more metals - of the alloy are ;changed or removed, leaving it in a 

solft spongy condition. This, 'type very commonly occurs in well 
screens.manufactubed out of brasses with a high zine content and. 

in steels; and Iron with a high carbon percentage and when these 

metals are used in conjunction with metals of a higher typo. In 

this pr.Ocoss one metal of an alloy Is removed due to electro,-cho-

mical,,4ifterence in potential between the metals in the alloy.'ihe 

f a lure of the screen is generally sudden. 

3.8 	IR C~ C t S~ 4Ns- In screens of wells results in 

ven uniform destruction or loss of metal over the entire screen 
/ surface; •Te screen openings are enlarged and the metal reduces 

in thic1sne' s. The screens themselves remain intact until they 
.collapse d to loss of strength or enlarged openings leads to 

excessive.s d dxscLo -o . 
bF 	0 t? 

3.8ft ;tgEN 	As has been pointed out in the preceding 

discuss o 'sr that composition of iron and steel within ordinary 

range/of.~ 1 a cation as found in commercial products has little 

r effect u'h the rate of corrosion of iron and steel continuously 

submerges im, water. Special alloy steels have been developed 

which ar ',t erosion resistant. But these are very costly. Out aim 

must, ho, aver s  be to have materials which could withstand the 

grour'd= ya~,er corrosion action at least for about 50 years. Certain 
mn*hn4in inn Imnrn 	$het 11f 	ntori tlft used on wells aro 
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discussed in the following paragraphs. 

3.86 In tube-wells, methods of prevention of corrosion 

haseto be applied both on well screens as well as on easing pipes. 

The conditions of corrosion in the inside and outside surfaces 

of pipes.  and screens are different. 

3.8? The inside surface of casing and screen' of a well is 

always immersed in water. Therefore, the oxygen concentrations  

temperature, velocity of motion of liquid, film formation, dis. 

similar ar metals in contact, the hydrogen ion concentration, etc., 

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 behaviouir on outside surface of the 

pipe Is more complex. The outside surface is always in contact 

with different 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 porosity, its power of absorp. 

tion on metal surface, Its conductivity, the contact effect pro,  

duced by dissimilar solid constituents which It may contain, the 

dissolved matter end variation in concentration of the substances 

in solution. The soil stress Is also an important factor which 

can damage the coatings on outside surface. 

In general as already said that the corrosion of iron 

1s accelerated locally when in contact with brass, copper, monol 

metal, or other materials 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, 

these marks corrode more fast and must be carefully avoided during. 



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 always essential. for a 
satisfactory coating. 

3.92 ?, TT$ -. Paints are not at all satisfactory for under-
water treatment. The best non-corrosive paints can protect the 

surface for few years only whereas the tube-well requirement is 
for about 30 to .40 years or more. 

3.93 	tALI4C COATIjf .$ - The best known metal coating for 

iron and steel is Zine applied by hot dip process. Bonilla (61) 

reported that after ,12. year of ipxposure in water the galvanised 

pipe had pitted less than black iron pipe, 

3.94 CM=. Jj C .OTC" PIPES: Cement lining of pipes has 

proved to be one of the best protective coating against corrosion 

of steel. The pipes so protected have given satisfactory service 

for 60 years and more (52), Improvements in cements and methods 
of application has made it possible for its application in more 

severe corrosive conditions. Uptil now, this process has been 
k. 

used mainlyh~tater supply mains and at few places on wells also 
with satisfactory results (13) . Author believes that this process 

can equally be well applied for preventing corrosion in tube-well 

casing pipes and therefore needs further investigations, 

3095 	 They include refined coal tar 

pitch, natural asphalts and asphalts manufactured from blown oils. 
plasticised coal-tar enamels made under ,A.LW.A. specifications 

7 A - 6 and 7-A-6, 1940,   when applied not ' less than 3/16" 

thick to the interior of pipe while it is revolving provide a 



in Coolgardie water line showed an average deterioration of O.41 

per year over a period of 12 years (53), These coatings have 

proved helpful in many cases (22) . 

3,96' On the outside surface of the pipe, contact between 

dissimilar metals, such as copper and iron, 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 life of pipe exposed to 

underground soils. has been 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 6 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 	iT 	Generally speaking, 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 l/8" thick and should be cover-

ed with a rigid and durable shield of other suitable material to 

resist distortion. In wW case the layer of bitumen next to tho 

metal should be relatively soft to prevent cracks extending to the 

metal, 

3.99 i LL. 21NGS::, The pipe should be hot galvanizod 

with not loss than 2 oz. of Zinc per n square foot of coated sur- 

face and be further protected against stratas where the conditions 
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i11 be severe. Threaded joints of pipes should receive special'. 

attention in coating. Metallic coating is useful only when the 

soil is ul slightly corrosive. Zine coatings corrode rapidly 

either in alkaline or acid soils. 

However, non-metallic coatings have been found to be more 

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

	

3.100 	IFOBCD BI 	 S :- Bituminous mate=- 

rials are widely used for coating metals for underground use. 

These coatings Include refined coal-tar pitch, natural asphalts, 

and artificial blown asphalts manufactured from certain kinds 

of resi,dium oil. 

	

3.102 	It is, however, advantageous to reinforce bituminous 

coatings in such a way as greatly to improve their 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 

with substantial fabric saturated with a water proofing bituminous 

mixture. The fabric may consists of saturated felted material. 

Recently fibre glass fabric has come in the market for re»Infor-

cing pipe coatings.. 



	

3.103 	In all the Trolls constructed no far,, 00 U..I,Pipo 

woo used as Casing Pipe in the construction of tubo-wells and 

practically no protective coating van provided. Since the wrought 

iron is very much corrooive in ground water, this typo of construc-

tion is naturally most unsatisfactory for a long life. The life of 

a state tubo..woU has been taken as 50,000 hrs. appror. and the wells 
run foV about 41500 Hrs. in a year. Thus the life uorkas out roughly 

to be 11 years, 'Due to this anticipated short life, no protective 

moasureazmt, perhaps, are being taken. But it we want to Increase 

the life of a well to 50 years, protective measures have to bo 

provided,against corrosion of pipes to keep them serviceable for 

such a long life. 

	

3.104 	The above discussed methods for prevention of corro- 

Dion can not be applied to screens due to perforations and, thore-» 

fore, ve have to go for high corrosion resisting alloys which aro 

quite costly. Considerations of heavy costs associated with the 

failure of the corroded n screens naturally justify the employment 

of these high priced screens bocauso in the long run they aro quito 

cheap (refer , appendix A) . 

	

3,105 	The most extensively used agricultural strainer for 

State lolls, which is a tri-metallic construction i.e. of stool 

pipot copper mesh sheet and coldoring tin Is the most unoatisfoc-' 

tory combination from the point of view of corrosion (refer Para 
and f4 3•(os? 

3q90 tend 3.96%, 	e metal of Toj Strainers and that of tq.I, Slotted 

pipes will also give very poor performance. For beat results the 

well screen as far an possible should be of single material and 

should have welded joints. 

0% .r^dff 	r_"t_ _._J._1 ._ - __a _~7w --- _...f_i _L L_-- L—_— n_«_7—......fl _—.A 
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found to be most affective against corrosion in all kinds of 

soils, ground waters, pressures, etc, are listed bolowz- 

1. Monet Metals (Jkpprox ?p% Nickel- 30% Copper) 
2. Super Nickel(Approx 30% Nickel. 70% Copper) 

3. Ever-dur Metal (Copper 96%- Silicon 3%- Manganese 1%) 
4. Stainless steel (under passive condition-Low carbon 

steel 74% -Chromium 18% N1chel 8%) 
b. Silicon Red Brass (Copper 83%- Zinc 16% • Silicon 1%) 

6. Anaconda Rod Brass (Copper 85% -Zinc 15%) 

7. lron(99.6% and over pure) 

8. Stainless steel (under active conditions) 
9. Low Carbon steel. 

10. ordinary cast iron. 

	

3.107 	T, 	Pfifi F 	Since the stainless steel is 

non-corrosive as long as it has got a film of oxygen, it is boat 
suited in places where oxygen is present in more than ordinary 

amount. The stainless steel also have high modulus of elasticity 

which is a desirable property of slender, cylindrical structure. 

	

3.108 8 	lE SJ 99,~~ ; It contains no zinc and is, 
therefore, more anti-corrosive than any other brass-alloy. Duo 

to presence of manganese and silicon, It has more tensile strength 

and weldable quality. 

	

3.109 	Pn 	The most recent development 
for anti-corrosive well screen is the introduction of a new high 

quality plastic material, polythylone, the n properties of which 

make it a sinmple ideal protective agent for screen against 

corrosion. Polythylone is a paraffin of a tough loather likes 

	

AUft"flr^ +,g%iP a"A trio~ 	1 	 r^+ ftU^m t ^^1 4 v►fl1~~nrnnn 



The now plastic material has gained outstanding importance and 

they are n w being widely used in Germany ( 55) on account of 

their cheapness in comparison to copper, Bronze or Stainless 

otbols. I ow a days the Imperial Chemical Industries of India 

have also introduced that is known as alkathene pipe and they 

claim it to be a good substitute for pipes and acroenc. But . i" t 

has not been tried so far on the State tells. 

	

3.110 	 The cathodic protection 

counteracts the corroding effects of the current flowing from the 

metal suface of the local anodes. In this process a galvanic 

coil is formed by making a good connection in between cast or 

extruded anodes made of special magnesium alloys and the metallic 

screen to be protected. The protective current flowing from the 

anode through the electrolyte to tho cathode has.a direction 

reverse to the local corrosion currents emerging from the local 

anodes to the surface to be protected and thus fully conpencato 

the local currents. This method of protection has become very 

popular in U.S.A . and Germany during the last 5 or 6 years. (5). 

But this method is quite delicate ad calls for the services of 

an experiencod engineer. 

	

3.111 	2 TPLI . f S s- It will be the ideal thing if the 

acroon and the casing pipe for a well would have been of the same 

natorial. But ,aineethe cost of the screen material is very high 

as no protective coating can be provided on it, the pipe and 

the screen must necessarily be of different materials from the 

point of economy and waster. This situation results in the 

accelerated corrosion at joints. Therefore to prevent corro-

sion special insulated couplings must be onployed at joints. 



	

3.112 	We thus see that choice of right material for n 

well screens calls for an exact study about the dissolved subs 

tances In the ground water and of (1) pH value•( 2) Specific 

conductance (3) dissolved oxygen.Materia1 should be selected on 

the result of such studies, 

	

.113 	incrustation is defined as clogging or stoppage 

of a well screen including the water bearing formation surroun-

ding It$ which is 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 screen is placed. 

	

3*114 	The causes of screen incrustation in order of 

their occurence are:- 

(i) Due to precipitation of materials carried 

upto screen in solution by the water being pumped 

such as the carbonates of calcium and magnesium. 

(ii) Incrustation due to deposition of materials 

carried upto the screen in suspension by the water 

being pumped such as clays, silts,' mica.,alluvium, 

etc. 

(iii) Stoppage due to Iron bacteria. 

The incrustation problem belongs to Glass I above 

The Chief incrustating agent Is calcium carbonate, though in n 

small quantity, but it is usually the cementing agent. 

	

3.115 	The capacity of water to absorb carbon-di-oxide 

depends upon its temperature and pressure. The colder the 

water and greater the pressure, more gas the vagor will abstract 



absorb and hold Corobon-di-oxide absorbs a considerable amount 

of calcium carbonate and other incrustating materials. 

3,116 Men 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 area is also reduced as 

velocity head and friction are set up when the water is set 

in motion. Due to lowering of pressure carbon did-oxide from 

the water is released and the salts are also precipitated and 

are deposited whore the reduction in pressure is maximum which is 

obviously on and around the openings of well screen. 

3,117 pR .. 	 From 

the cause, it Is obvious that It can only be minimised by rodu- 

ci.ng pressure difference on the screen openings. To meet this 

objective wo must (a) select a screen which will permit water 

to enter into the well with least resistance at screen oponifigs 

and (b) reduce the pumping rata by increasing the period of 
• c~Kd 

pumping. Failure due to incrustation failure due to corrosion 

Is indicated by a gradual decline of pumping level accompained 

by a fall in capacity. 

3.113 Incrustation is generally of two types. Hard type 

known as sulphate type requires more strenuous treatment whereas 

the softer type or carbonate type of incrustation varies from 

a light fluffly~►like deposit to a sticky, pasty sludge and is 

easily removed, 

3,119 There are several methods for roclairiing an incrus-

tated screen such as compressed air, water or gas, and dry ice$ 

but the acid troatment is most popular and effective among all. 
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3.120 ACID ,TREATMNTA- The single acid treatment of well 

is done by hydro-chioric 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 

replaced by strong acid. It is then allowed to stand for at 

least an hour and then stirred again. This process is repeated 

for 8 to 12 hrs. The well is then iurged with a solid bldLck for 

a few minutes to break loose any incrustation and force the 

remaining acid out in the formation. It is then allowed to stand 

for about 3 to 4 bra. and again surged heavily for a short time 

and then cleared out. 

3.121  $QU 3 ', .g 	., =,jT. 	It is used in places where 

the formation is high in organic and clayey materials. The 

general procedure is the same as that of single acid treatment 

except that sulphuric acid is used after one application of 

hydro-ohloric acid. Heat of reaction and gases produced. break 

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 PM LQ,E EA'i'N NT2- Dry ice is nothing but carbon 

di-oxide gas compressed into solid form. The solid gas quickly 

changes from solid state to gaseous state generating considerable 

pressure in the well when mixing with water takes place. The 

rapidly expanding gas forces out from the screen and in this way 

loosen the clogging material. A-bout 20 to 50 lb s of dry ice 
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is required to do the job. There must be about 11 lbs. of water 

for every 1 lb. of dry ice used otherwise the water of the well 

may freeze. Dry ice works better in deep wells with a considerable 

depth of water. (.4) 

3.123 -4I,, ~,M&MR g-- Air ,under pressure is suddenly 

discharged into the well.. Shock and difference in pressure loo- 

Bens the accumulation on the screen. This method is useful if 

the clogging material is soft and is not recommended for hard 

type of Incrustation. 
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DESIGN CRITERIA FOR OPTlM 1M DIMENSION 

OF SCREW. 
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3.124 	Ae stated previously the well screen„ is the most 

important component of a well structure and upon it depends the 

losses, yield, efficiency and ultimately the pumping econoammy. It 

is, therefore, very Important that its dimensions are .designed 

carefully so as to keep losses low and the efficiency high with 

minimum cost.'. 

	

3.126 	WLflTR From equations (26) it will be seen 
that discharge- 

t x $ 

and also 	 Qci  

	

©g 	w' 

	

3.126 	For a particular formation, the value of K can not 

be altered, Also from table below it will be found that with 

substantial changes either in Xo or Xw the discharge Q changes 

very slowly. The values of 	_„, 	are as below which 
loj(Xo/Xw)  

show that its value does not alter much:  

X, 

 

WELL DI TER Rv 

	

in feet. 	4I. 	8 in, 	12 in. 	24 in. 

600 0.28 0.31 0.33 0.37 

3.000 0.26 0.28 0.30 0.33 

2000 0.24  0.26 0.27 0.30 
~w!  ~==========================================================    ~..  

3,127 . A relation obtained by Bennison (10) between diamo-

ter of the well and the discharge is shown in fig.{3.1271. All 

conditions being Identical, a 6" well yielding 33,000 g.p.h. at 

18' depression will yield 41,000 p g.p.h. only i.e, about 23% 

more only if the diameter, is Increased to 12". If the diameter 

is further Increased to 48" in. ,the incroaso in yield will be 
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about 4a% more i.e. 46,000 g.p.h. approx. Therefore the suitable 
choice :of  the diameter should be such as it will make the forma-
tjon .field available. 

	

3.128 	 Before finally selecting the 

dimention of diameter, considerations of ' the velocity allowed 

through the top of the tube to obtain certain discharge must be 

taken Into account. For pumps, most designers choose a velocity 
from 5 .feet to 5 feet per :second. The lower the velocity, the. 

bigger . will be the diameter of tub, . The cost of pipe increases 

very rapidly with the increase of diameter. On the other hand 

the friction losoes increase very much with the increase of volo-

city if the diameter is reduced (refer to pera 2.37) which will 
increase the operative cost. Therefore, considering all these 

aspects and the erosion problem )  a velocity of 8 tc 10 f. p. s. (15, 
27) is taken as to be satisfactory in design of 'we l diameters. 

	

3,129 	If Q is. the discharge in ,e of. s. of the well, then 

cross-sectional area of tube required in sq.ft. is.- 

A Q 

	

-where V 	velocity in f ts. per sec.. 

From these calculations, nearest possible choice, of the diameter 

of a commercial pipe Is made. For example for a discharge of 

33,000 g.p.h, the area of cross-section of the pipe, taking axial 

Velocity of flow to be 8 f.p.s. will. be 

3 	_____ = 26.4 eq. In 
+60.4x8 

D = 5.8 in. (Say 6 Inches.)  

	

3.130 	Join (2?) established an empirical. relation for 

calculating the diameter of the well. His formula was. 
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or it can be said that Q oc 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 the axial velocity of glow 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 different stratas of the well goes on adding as the water 

travels Up-wards. It is obvious that stepping down of the radius 

of well 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. 

3.132 	Many relations from theoretical considerations have 

been formulated to find out the length of the screen but this 

results sometimes do not tally in actual1 practice for the 

reasons that there are several variables in the formula which 

must be determined very accurately to arrive at correct and 

definite conclusion. 

3.3..33 	The screen length, however, must be chosen correctly. 

If it is too long, the b cost of the well .s increased un-necesea-

rily. In case it extends above the pumping level then besides 

water it comes in contact with air and thus the rate of corrosion 

and incrustation is increased which 411 cause the screen to fail 

more rapidly. If the length Is too short s  then the yield from the 

well may not be satisfactory. 



'~w~! i 	.~ 	s 	t •~ ~ _ _ 1 	a .fix 

deduced the following formula for discharge from a well. 
Q 21L  d logx 	VW(48) 

	

where L 	length of etrainer:s d 	depression 

	

X 	radius of strainer and 
P a rata of percolation of water. 

Aleo we have Q = A x V. 

From equations (48) and(49) a got 

I 	x 	B 

	

2Pd 	logX 

If V and d are eonetents, then the factor  V„ will be 
2Pd 

constant •say 1i since for a particular area the rate of porco- 

lation Is constant. The strainer length can now be expressed 

og 
If Z .1 , the value of L will bocome Infinite and negative. 
Therefore for all real and finite values of b, the value of X 

must be- greater than one (X 7 I). 
For finding the minimum screen lengthy differentiating equation 

(50) and equating it to zero we get- 
646 

oubstituting in (50) the minimum length 
L(min) = 	Q,, = 2 K o. 	(B.i) 

3.135 	To determine the minimum length of the screen, a 

correct valuation of P is necessary. Nature of sub-coil otrata 

changes from place to place and., therefore, the value of P will 

also change from place to placo. But, if,, data is collected on 

a cufficiontly large number of wells, average value of P can be 



ascertained by standard statistical practices for. the area and 
uaod for designing a now troll. 

$ " 	3.136 The expression 

for discharge 	Q from a unconfined we l (refer Para 2.34) can be 
arranged in the following manner (23) ,  

Q 'K 	x 2 ? 	x { X 	d' ~. bid .,4.,W.. (S2) 
d : 

where d = depression inside the well and'hi is the depression 

at a distance X from the axle 'of the wefl ando. Other notations 
have the usual meaning. Assumptions made are the same as dis-
cussed in pars -2.32. 

Assuming 	Q to be constant and integrating equation 

62) 	within the limits , 2. = X and X a X0, the expression for 
discharge becomes 

log 

3.137 	In the above equation there are two uncertain factors 
IC and acs which are extremely difficult to be determined corroatly. 
Value of IC may vat►' widely for the surrounding soil and the radious 
of influence is theoretically infinite. Practically the value of 
Xo may vary 60p feet to 2000 feet and in some cases even to 3000 

feet ( ).  

• 3.138 	Apart from theoretical considerations there are 

certain important factors mentioned below which influence the 

choice of screen length:.* 

1. Slot open area per foot of screen. 
2. Physics  and hydraulic characteristics of formation. 

3. Cost of screen. 

4. Desired yield from the well. 
n neap rn4 4 % R-0 nisi a ii 4 . m^"^Y~n"~ lv nf►A'C"mrnTftn4 raft 
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between cost and hydraulics of screen structure. 

3.139 	CCU 	Q 	 - The screen 
€should, be 'such that. 

(,a) it gives a minimum eitrax%ce losses by providing 

Ins mum open areal  

(b) ,t .must conform to the needs - of the formation. 

Question naturally arises as to what can be considered 

sufficient open area in a well screen.. The slot opening is fixed 

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

siderations of entrance losses. 

3.3i0 Benison, etc. (9.110) recommended a velocity of 0.10 

to 0.28 f.p.s. for Incurring minimum losses. However, a velocity 

of 0,10 f • p • s. (13.) has been found to be a good basis for well 
design. A factor of safety of about 20 to 25$ in excess of tho 

calculated .screen length must also be made to allow the adverse 

offeets of gradual reduction of screen opening by mineral dope-

sition over a period of years or clogging by sand. 

3.141 Per example lot a well be required to pump 33000 

g . ph, (1,5 cusecs.  approx.) of grater from a well.. Taking design 

velocity for flow of water into the screen to be 0.1 f.p.s. ,a 

screen having i.5/O:.1 a 15 sq. ft .of . open tomes,' ilk. be required. 

Allowing 205 excess for incrustation etc. ,the screen open Bros 

should be :18 oft. or 2592 sq, in. Suppose that formation permits 

slot opening of ..0.02 in.. only. Selecting +6 in, Oaz disrnetor 

Orcfor para 3,129).. continueus-slot well screen for the desired 

opening which has 39 sq. in. of open area per foot of length, the 

screen length will be, 2592/39 = 66 ft. Allowing for slogging, the 

screen lenc!th will be Sot . if, r neroon of different det iron in 
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chosen which has got looser open area per foot of length, then 

in order to keep the velocity down to the value 0.1 f.p.s., the 

length of the screen 411 have to be increased accordingly to 

obtain the same discharge. 

3.142 thile calculating the screen length in the above pare, 

only the Irdraulic chsrgacterisbies of the well screen were consi-

dered and the characteristics of the formations were ignored 

except that the slot opening to fit the send grading. It was also 

assumed that water bearing sand formation will yield the assumed 

quantity of water. The influence of other characteristics of 

formation are discussed in pars 3.147. 

Equation (27) can be written as 

Q = 	K tho,-h 	ho + 	,..~,~...., 
log (X0/X, 

If the depression ho hw is very stall then the 

above equation can be arranged a.s z 

Q x K 	ha o» 
log 	x ) 

which shows that 

am-.. 	(53) 

 

°'( ho..hex 

°c ]/jog 

 

3,144 But as a matter of fact Q is not directly proportional 

to draw-down .. e. ( ho hw) . For small values of draw-►down, the 

direct propertionality exists. When (ho-hw) becomes a considerable 

proportion of ho then the proportionality no longer exists and 

follows a curve. A curve (10) shooing the relation of per cent 

relative yield to per cent draw--court for confined and unconfinod 





that for unconfined aquifer s  the departure from proportionot6ty 

starts at about 305 draw-down. Similar results (fig. 2.38) were 

obtained by Rora bough (56). For artesian aquifer, the relation 

follows an almost straight line. 

3.145 While ' choosing the screen length, the , conditions for 

available draw down are that -, 

(a) Screen must not be exposed to air 

(b) Maximum specific,  capacity is . obtained from the 

well. . 

3.146 From oxperionco it has been found that 50% draw down 

is quite satisfactory. From the graph (3.144) it can be intc r-
prested, that in a well of 100 ft. of static water depth, a 80 

draw-down will extract nearly 76% of the maximum yield of the 

well while still 50% of the water depth is left for installing 

the screen and only 245 is left in quantitj of water if l00% 

draw-down was created, If the formation is ouch that sufficient 

area could be provided in a. still smaller length to keep the 

velocity at 0.1 f.p.s. through the screens  more draw-down with 

more yield can be achieved, but it will increase the cost of 

pumping more with less advantage of yield. Thus for best design 

of screen length, the product of drawv'down and the specific, 

capacity should be maximum. 

3.147 	F wco 	c 	S 	D 	q :- some 

times the calculations based on open area for screen becomes In-

sufficient when the formation's physieal characteristics i.e. 

static water depth#  thickness of aquifer, arrangement of fine 

and coarse layers • of sand are taken Into account. Also the 

choice of best screen length differs for confined and unconfined 

aquifer conditions. 



	

3.1 	 U O]JUlPj  In an 

unconfined aquifer from considerations as discussed in Para 3.146 

and because the dra r-down caused by pumping unvators the upper 

part of the unconfined water bearing formation in the vicinity 

of wwell 0  the screen length seldom exceeds g of the saturated 

depth.. But for a confined aquifer 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) . 

	

3,149 	 a- When the forma- 

tion is not of the tame grading throughout the depth then a care-

ful judgement is required for choosing the right screen length. 

As a rule (1) the screen must. be long enough to take in the major 

portion of the most permeable strata penetrated by the well and 

(2) each section of the screen must have the right size of the 

slot opening to permit proper development of each level. Some 

useful practical propositions for determining the correct length 

of a screen In different types of formations are given below: 

I. When the coarser part of the formation is of con-

siderable thickness, finer stratum above need not 

be screened. 

1l. When coarser part of the formation Is thing  then 

its entire thickness must be tapped and the screen 

must extend well up into the finer material above. 

IIi..When coarser material is above fine sand, both 

stratas must be screened to get maximum yield., 

V. Alternate layers of coarse and fine wand require 

screen long enough to ,pick up flow from best strata. 

3.160► 	L„ . .=ATJQN 	Jain (27) suggested the follow- 
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ing empirical relation to determine approximately the strainer 

length for a well- 

where 	L = length of strainer in feet. 

Discharge in gallons per hour at ap+prox.18 ft. 
depress .on. 

R = Characteristic discharge per sq.ft.per ft. of 
depresstan., 

D 	diameter of tube-well pipe. 

The, value of. X in this formula has to be determined 
for different places by actual observations.. For the Western 
region of 1J.P. the value of Z ranges from 8 to 13. 

For example, in order to get a discharge of 33,000 

g ,p.h. from a well having 7 In. overall dla well screen, the 
strainer length L will be* 

L 	9 ..... ~_.~_.~.... w = 2.40 ft. 
18x1~JXx,~, 

712 
3.151 From discussions of paras 3.124 to 3.149, it will be 

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

( the hydraulic characteristic of screen structure to give 

minimum loss and (2). the choracteristic s of formation to give 

the required yield.. The choice of dimensions should,,thereforo,bo 
made on the following lines*' 

1. The diameter of the screen should be selected from 

the consideration of permissible velocity of dis-

charge of water from the well (refer Para 3.125 

to 341303) . 

Ii. To keep the screen losses at minimum, velocity 

of flow into the screen should not be more than 

0.1 ft./sac. (refer Para 3.140). 
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III. The length of the screen should be calculated on 

the basis of open area per square foot available 

in a particular screen, (parse 3.140 and 3.i41), 

. Formation . characteristics . should also be taken 

into account (refer pare 3.149) while: selecting 

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 

increase In dia has to be - accepted. 

1V. if the cowofficient of screen G(refer pera 2) be 

kno m then in order to have minimum screen loss a 

compromise has to ,  be made In between L and D to 

keep the factor ,k 6. 
D 

CON NTSS QF SY1.V'F! s. On State wJals as revealed by 

survey -report (appendix B) a screen length of about 100 ft. and 

diameter of 6 in. was used almost in all cases. As the required 

yield was 1.5 cuseas, ¶be 6 in. diameter was provided to keep the 

discharge velocity within permissible limits (refer para 3.129). 

The open area per, foot length of a screen having 0.115 in.opening 

(this opening was used on state wells, refer para 3.43) is 0.315 

sq.ft. (?7) . To get a discharge of 1.5 cusecs, the length of 

screen required witl be 	5 	484  approx. 
0.315 

Allowing 20 3 for clogging. etc., the desired practicable 

length for a yield of 1.5 cusecs =  -- —12Q— 	58 ft. y60 ft. 
100 

The calculations above show that the 1001  length of the 

strainer used on wells was quite excessive in length and it should 

be chosen as detailed in par& 3.3.52. 



3.3 132 The type and shape of screen-  slots influences the 

transmitting capacity # life, performance and operation of wells 

in any unconsolidated. formation. They play a very important part 

in development- work as some formations can not be developed at 

all without Jamming the screen openings with sand or else allow-

ing too much sand to pass into the well, It is, therefbre, essef" 

tial that a well screen has openings which will allow tevelop- 
ment of the formation under any circumstances without interrup' 

Lions. 

3.353 	OPENING .- Shape of screen opening should be 

such that it produces a stream line flow,, offers least resistance 
to flow and should be able, to free itself quickly from the sand 

Particles sucked in with water. Hhon a screen is placed tgainst 

a formation, the sand particles settle in and around it and 

partially close the openings, Such blocking may be 1005 in case 

of square. or circular openings to about 8O in the case of V shap- 

ad openings (fig. 3.154 a). 

3.154 In square or circular openings, the sand grain has to 

travel the entire thickness of the tube metal. The duration of 

entanglement is more and there are great chances of clogging the 

openings (fig, 3. l P) . openings also, should be rectangular 

because the grain can not close a slot completely as it makes 

contact at two points only of the slot `ig.3.1 ). 

3255 Further, it is desirable that n slots should be of V 

shape having the narrow part of the slot next to formation and 

the V broadening gradually inside. In this case sand grain has 

to crow only the sharp outer edge of V opening and will be 

pumped out quickiy with water. The chances of Clogging are thus 
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Slot number. 	Gauge Number. 	Slot number. Gauze number. 
wr-C~~r- ___wrfli+r ir, r.. --+rte 	 5- ae Sn 	w 	w r. sw 	n s- r 

6 90 25 30 

8 70 35 20 

10 60 50 12 , 
12 so 3.00 1/10 in. 

ZS 40 125 i/S in. 

For example slot No.12 indicates an opening of 12/1000 in.=0.032 

in. Those screens at present are not easily available in Indian 

market but they are being used extensively in foroigh countries 

(109 l.it 21). 

	

3.159 	Continuous slot screens have their area more evenly 

divided over the surface of the screen and responds to development 

work magnifieiently 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 	 : E SLOTT D -,j2.W 	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 size 

to meet the requirements of the formation. This type of screen thD 

has become very popular and dominates now the field of well screens 

5S)$ 

	

3.161 	The bridge slotted type of screen has got many advan- 

tages over the sumple perforated scrcensi- 

1. The slots of any size can be produced than is possi- 

blo with the simple slot perforations. The width of 
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the slots of the latter is always dependent on the 

thickness of the wall. 

II. The screen is more rigid since the bridges are 

placed on the outer surface of the tubes. 

III. The bridges offer greater resistance to compressive, 

tensile and buckling stresses., 

I.V. The slots formed by the bridge can not become n 

clogged and therefore offers low resistance to fluid 

.flow. 

	

3.162 	It is, therefore # recommended that such type of scroons 

i.e. continuous slot or bridge type may immediately be introduced 

on state walls. Though their initial cost is about 3.4 times 

higher than the cost of agricultural strainers$ but their long 

life, efficient behaviour, response to development work and low 

maintenance cost def inito .y balancos the initial high expenditure 

in the long run (appendix A) and ultimately. they become economical 

and give far better S carefree sorvico. 

	

3.163 	'~~ The Idea of strainer originated from the 

needs of preventing sand infiltration into the well. Ordinarily 

a strainer consists of a wire netted cloth tapped, round a 

p erfdr ted-"or vlotted':pipa 4:. -,About - /4_ -in:-' m,_`1,/..2 in. thick 4 to 6 

numbers of steel flat bars . are seldod over the pipe longitudirv.1y 

so that the mesh does not come In direct contact with the pipe and 

the mesh. The wire-mesh cloth is available in different sizes of 

openings e.g. .01 in,, .008 in.$ etc. and can be selected to match 

with the particular formation. 

3.164 Since the strainer cloth Is made of round wires, the 

slot formed by the wiros of the strainer cloth resembles a V shape 

opening with broader side of V resting directly against the forma- 
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tion which gradually docroasoc towards the centre of the thicknoss 

of wire (fig.3.154)D). Mechanically this typo of opening Is a sand 

catcher and clogging Is therefore bound to occur. Also the very 

construction of strainer does not give straight and stream lined 

passage for flow of water and eddy currents are. formed In the 

annular space between the wire net and the perforated pipe. It 

causes considerable friction and consequent loss of head at the  

strainer entrance* 

	

3.166 	, ',LS5., : STa4,xNLt Out of many kinds of strainers I 

Ashford# Brownhie, Esbes, Tej and agricultural types are in common 

use in India. 

	

3.166 	BRAfl5 Q ..-', Study of State wells spread 

over a wide area revcalod that almost on all wells : agriculturudal 

typo of strainer was used and most of the well troubles arose from 

the faulty behaviour of this strainer (appendix B) . This type of 

strainer was introduced some 30 years back when the science of 

T~ubewolls was not much developed. It has, however,, been found 

that despite large scale troubles and , failures, no redical mod1fi." 

cation has been made uptiln now in the use of strainers and they 

are still being used extensively on new wells as such. 

3.167 	As discussed in paras 3.90 s 3.1i38, 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 

depression and higher operational cost. As a matter of fact it is 

out of date and is not at all satisfactory. 

Therefore immediate introduction of some efficient and 

durable screen on lines as suggested in pars 3.162 is necessary 

for better economy and longer life of State wells. 
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greatly reduced (rig. 31&4 C) in this type. 

3.1,56 _' `pE a ' bk~; i S2- Many types of screen openings are 
being used such as squarest circles, ellipses, crosses plain a 

straight sided, rectangular shutters, etc. ,and the percentage 

opening area var)' with each type $ Maximum opening is obtained 
in a continuous , slot screen. 

Perforations of screen$ it is apparent, weaken the pipe 
considerably, especially, if the metal being perforated. Also 

fOo1d 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 

"Pig.(3.150 C) and should be of considerable strength to with-

stand the lateral pressure of formation and the weight of the 
_ .. casing above (refer section III of chapter III) . 

3.167 
0 

In this type of screen a narrow metallic ribbon Is 

would spirally round a skeletcin structure of longitudinal roads. 

It has got all welded construction and non'.clogging continuous 

slots. It provides the me urn inlet capacity for water than any 

other type of screen i.e.- it has got the maximum open area then 

any other screen. A good continuous slot screen has sufficient 

strength and ductility to withstand sudden twists (10). 

3,3.G Those screens are available in 1Y. S.A.. and continent 
in a wide variety of slot sizes which are designated in thousands 

of an inch and are equivalent to standard gauze numbers as shown 
b elowi- 
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3.168 	UOIE ATh.-SELECTION OF WELL 3CRENS From the dis'" 
cussions of section I to V of chapter 1119  it will. be seen that 
selection of proper screen for a well is a tricky problem as it 

incorporates many variables which are to be carefully dealt with. 

Broadly speaking a good well screen must satisfy the following 
requirements 

I. It should provide the maximum amount of open area 

consistent with its strength, loss, and grading and 

thickness of the formation (refer pare 3.32, 3.39, 3.40 
3.47, 3.48 and 3.149) . The draw down factor (refer 

pare 3.145) must also be taken into account. 

1I. For minimum head loss (1) a compromise should be 

made in L and D so that the factor Q > 6 (refer pare 
D 

3,28) and (2) the velocity of flow into the screen 

should not be more than 0.1 ft./sec. 

111. Openings should be of such design s  shape and type 
that it would kS lend itself to the surging and develop 

tent work (refer para 3.41,, 3.163, 3.154) to bring the 

screen to its maximum transmitting capacity and at the 

same 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 should 

be such that it would not deteriorate by chemical 

action of ground water and also by any of the acids 
used in acid treating of screens at later stages. 

( refer para 3.106, 3.120 to 3.122) It should be able 

to give a satisfactory service life of 40-50 years. 

V. It should be strong enough to withstand the least 
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possible vibratory egplosivo force to redevelope the 

well ( dotail discussion in chapter V ). 

Requirements of items, 1,11 and IV are mostly satisfied. 

by a stainless steel contjnuous. slot 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. 

3.169 If we want a life of a well to be 50 years then 

naturally we have to incorporate all these Improvements and f inene s s 

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 efficient well screens as re-

commanded in Para 3,162 which are available in foreign markets are 

very costly. Their cast is about 3-4 times more than the ordinary 

strainer screen used hither to. As stated In beginning the unpopu» 

laxity of tube-well scheme lies in its high cost of production. It 

has been argued in the past that employment of costlier screens in 

well construction will increase the cost of production further. But 

the survey and the cost analysis based on it 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 f appendix A ) reveals that an 

efficient screen of superior quality $  on the basis of 35 years of 

average life givess 

l) A 9.66 less running cost than an ordinary strainer 

screen, 

2) A rate of return 2.06 in excess to that of an 

ordinary screen on capital Investment. 

3) The capitalised value of excess profit earned by 
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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 Prom the cost analysis 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 a~ 
screen is 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 programmes on tube-wells, 
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SYMBOL S US P 	•» 

a 	Gross-  Sectional area•  

dia of pipe or stream tube. 

do 	dia rof sphere or sand grain. 

f 	co-efficient. 	_. 

h 	head loss in ft. of fluid flowing,. 

1 	length of soil column. 	- 

.p = length of stream path. 

P = Percent of sand by weight having a given dia. 

Shape factor. 

V 	apparent mean velocity Qla• 

Vp . = true mean pore velocity. 

/ 	absolute viscosity. 

kinematic viscosity. 

density. 



• , 	 t 

1. F, 	 GRAIN, 8IZ . ,  It is the size of the sand particle 

of which 90 percent of the strata sample (by weight) is 

coarser Larger the effective grain size, the coarser will 

be the formation, It is denoted as DDO  size. 

2. 2 ? A _$j s. This size is such that half of the material in 

the sample (by weight) is smaller in dia-meter and half is 

larger in diameter. it is denoted as D50  size# 

3. ,3XZ 	It is the ' size of the particle such that 60 porcont 

of tho sample is smaller in diameter than this and 40 porcomt 

is coarser (by weight). 

4. 1QX47 	 It is defined as the ratio of the 

diameter of grain that has 40% of the sample (by weight) 

coarser than -itself to the effective diameter of the forma-

Lion sample. It is indicated asD6oio. The unform .ty co-

efficient indicates texture, degree of uniformity and jt 

porosity of the armation. Higher the Co-efficient, the lower 

i.e the porosity. The value of uniformity co-efficient below 

2 indicates 45% volds,botveen 2 and 3 9  about 4O5 voids and 

between 6 to 8, about 30 § voids. 

5. ?-A iA ZC13 It is the ratio of D60  size of gravel pack to 

DSO size of aquifer. 

6. pJB 	Materials with uniformity co-efficient8 

(D6O/Dio) ranging from ..3 to 2 are called the uniform 

materials. 

7. 1JHNX 	QEIAXPJii  Formation, having ratio(D60/DlO) 2 



4.1J1 T O JG 'I 	Apart from straight screen wells, the 
I~rl~l~lIi~IR:~ i 

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 i.P. and since then hundreds 

of them have been constructed. 

The survey of gravel-pack wells (refer append.B) has 

t z revealed that none of them completely failed or was abondon-

ed due to large fall in discharge. On most of these wells the 

Following troubles were noticedz- 

1. Constant sand discharge. 

II. Frequent heavy repairs. 

III. Fall in yield of wells as time rolled on. 

Troubles as given in II and III above were largely 

due to sand movement Into the well t through the gravel-pack 

screen. 

4,2 	___ 	In a gravel-pack well, an ii annular layer 

of clean and well rounded gravel of high permeability about 

f in. to one toot thick is artificially treated to till part 

of the drilled well round the screen. The basic object ie.i- 
(I) To have a smaller diameter screen and, in 

many instances$ a smaller well casing than ni 

would otherwise be required. 

(II) To improve the permeability in the Immediate 

neighbour-hood of the screen. 

(III) To increase the effective diameter of the tell. 



(IV) To prevent sand movement into well. 

(IV) To have wider screen openings than gould other-

wise be possible if the well u was not gravel 

treated, and thereby obtaining a better epeci-

f'icu yield from the gravel-pack well. 

	

4,4 	Before going for a - gra' el-pack well, - hydraulic 

characteristics 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 straight screen well and it 

also calls for costlier construction equipment and better techn-

ique. In case, if, the maximum amount of water can be developed 

from a formation without gravel treatment by providing d. suitable 

openings and development, then the gravel pack will be simply 

un-necessary and waste of money and times both. 

	

4.4 	lI '' U G ,,.4. aR 11..SI .. Forces like molecular 

attraction, surface tension, capillarity, etc. ply an important 

part while the water is moving through formation and determine 

the quantity of water which the formation will yield and transmit 

While drilling a well in a sand gravel formation a keen study 

of the porosity of formation is needed because the above stated 

forces will vary according to the porosity of the formation 

$chlicter u) made the following important observations regarding 

the porosity: 

I, Grain size does not effect the porosity. If any 

unit volume is packed with spheres of equal 

diameter the ratio of voids to non voids is 

independent of the size of spheres so long as all 

the spheres are exactly of same size. This ratio 



is maximum for equal size spheres regaidless 

of their diameter. For example silt and clay are 

as porous as n sand and gravel. 

1i. Irregularity of shape of grains produces a larger 

possible range in porosity. 

• III. Degree of assortment changes the porosity to a 

• greater extent (refer para 1.22). 

	

4.5 	From geometry, we can easily find that surface area 

of a spherical grain varies as the square of its diameter while 

Its volume increases as the cube of its diameter. That is smaller 

the grain z 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 Ito. 40 screen slot opening will have 1000 square 

feet of surface area Uheroas 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 latter case. Capill- 

arity action will also be more in this case. 

	

4,6 	Discussions in pars 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 coarse one though the porosity in both the cases remains 

the some (refer para 4.4..I). If an ordinary screen is provided 

in fine formation openings will have to be made very small which 

will mean larger head loss and lesser yield. There will also be 

danger of its quick corrosion and incrustation and, therefore, 

gravel pack wells which have relatively larger openings are moot 

suitable to such formations, 

4.? 	' t?t ^ Q;C ,.~1TNZ R _ AIA U If we consider the 



flow 	of fluid through grannular media in a gravel pack well as 

being analogous to that through pipes (2), then Weisbaeh'a formula 

can be written as: 

h 	= 	f 	( ) x 	V2 ) (53)  
d rg 

where 	f= 	f 	(Re f 	(,mod ) (54)  

for Also 	viscous flow Poiseuiile's low holds 

h = 	32 Ip•vp/ g. d2 	-_--- (55)  

Taking into account the porosity of the material and 
the shape factor and with the help of equation (53) and (55) , 

Hj.ckox (2) showed that: 

f .= 64 	_ 64 	 (56) 
Vp  d 	Re  

Belaaion (66) is also the falmliar relation between 

friction factor and Reynold's number Re for viscous flow in pipes. 

Equation (56) 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 when the shape factor is the same for all sizes 

In mixture then ds (effective) = P 
P/ds) 

4.8 	This diameter is known as effective diameter and 

is the diameter of a group of uniform particles having the same 

surface area, volume and shape factor as the mixture. Since 

these are the only properties of material which enter the z 

equation, the effective diameter may be used in all cases. 

Equation (53) can now be written as: 

h = ( 	) x (Lp ) x ( 	) 
Vpd 	 d 	rg 
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4.9 	The above relation indicates that for a fixed 

velocity in certain set of oanditions,, the head required will be 

less for larger diameters. Given (4) modified the above relation 

at (56) and showed that 

=A +B. 
Re 

where z 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 may havo 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 is 

unidirectional. The large axes of the grains, therefore, tend 

to a lign themselves parallel to fl d flow direction and more 

elongated grains thus become parallel to the direction of fluid 

flow (5). Also there is less disturbance in a fluid due to flow 

around a faired shape particle and hence less resistance to flow 

(7). But these natural conditions are impossible to be attained 

in an artificial gravel pack. But for minimum head. loss in gravel 

envelope, the gravel used should be round In shape, clean and 

smooth. 

4.11 Since the gravel can not be packed uniformly around 

the screen of a well nor their orientation can be arranged as to 

offer less resistance to flow, therefore $ for random packing, 

with random orientation of individual portiels, it may be assumed 

that voids are evenly distributed and that the resistance to flow 
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is the same in all directions. (6) and flow into the well is 

uniform from all directions. 

412 	A dimensionless approach, was made by Rose (24) in t 
the laws of flow of fluids through grannular materials. Head 

of fluid H, necessary to.maintane a,flow velocity V through 

grannular media is dependent upon. 

	

I. 	Density - 	Y 

	

XX. 	Absolute viscosity-- 

	

M. 	Depth of bed-h 

IV. Diameter of the particles of which the bed is formed d. 

V. Diameter x1thux in which the material is packed-D 

VI. V'otdage or porosity of the bed-f 

VII. Gravitational constant-g. 

VIII. Height of the surface roughring of the particle 

	

XX. 	Shape of the particle. 

	

X. 	Size Distribution of the particles. 

By suitable choice of a system of definition, the 

variables IX and I are made dimension less and can be represented 

by dimension less groups (Z) and (U) respectively. We can arrange 

the above variables as -F 	v 	j' ~'- 	~° (~ (x') U) „j =a 
Solving by dimensionless method we get the following dimensionless 

g roup s ~t 

(i.) F 

Assuming for simplicity that. 

	

I. 	the particles are spherical in shape 

	

11. 	they are closely graded to a mean size 

	

ITT_ 	thoy are very smooth 



the variation of three independent variable groups 

( ej ! (Z) & (U) is eliminated. 
d 

Rose experimentally determined the value of the 

co-efficients and reported that the above relation could be 

written ass _ia 	(so 

d 	V 	 d 	" (f) `, ( 	) 
d 

Where is a function of Reynold's number $ F(f) is a 
function of voidage and Flt ) is a fenction of (,R ) For very 

4 	 d 
slow rates of f ,ow through grannular media having normal density 
of packing, the reported that -4-0 

( = 	= l,20v,A ( h ) (f ) -; O approx. 
d 	g ~ d a- 	d 	40 

4.13 Above relation indicates that for a cart 

of flow, larger the dia meter of grains,, the lesser 

head loss. Therefore lesser will be the depression 
pack well In which the size of gravel is many times 

sand formation grain size. The cone of depression will be more 

flatter.in the pack. 

4.14 CONE OF FP S t W : 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 immediate neighbourhood 

of well screen. Besides other factors involved in developing the. 

formulafor radius of 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 screen opening and 

results in the lowering of local boundary pressure (8), considering 

the screen openings as a series of orifices through which flow 
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is taking place (refer Para 3.7) . The concept of a gravel pack 
is 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 vicinity of screen. 

	

4.15 	ADA1TAGE5 0F9 	IPAC: Discussions of paras from 
4.7 to 4.14 indicates logically that if a proper size coarse 

smooth and uniform grannular media cou .d be provided in the imme-
diate neighbourhood of the uwlls the advantages from such cons-

truction will be %. 
I. That head loss will be relatively much decreased 

for causing certain flow into the well then it s~ 
would require if there was no gravel treatment. 

II. That the effective diameter of the well will be 
increased u due to gravel treatment and the velocity, 

therefore, will be reduced, 

lli.That the specific capacity will be increased due to 

decrease in draw-down for same capacity and reduced 
entrance friction. 

IV. That maximum sand free water can be obtained from 
the well. 

V. Operational cost will be less. 

	

4.16 	LMITAXoNS OF QRAV 	XNGs Gravel should not be 
used indiscriminately in all tube-tells but should be used with a 
clear underbtanding and judgement of the formation. Gravel shrou-

ding may not be resorted to in the following cases: 
1. 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-neoessary 
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for construction and economic reasons. 

11. If the maximum yield can be obtained from a forma-

tion with a proper screen, then gravel treatment 

Is un-necessary 

III. According to Bennisom (1), If effective size of 

the formation is greater than 0.01 inch. and 
iiformity Co-efficient is more than. 2 then the well 

does not require gravel treatment. If the uniformity 

Co-efficient is less than 2 then gravel treatment 
is generally required. No formation, however, whose 

uniformity Co-efficient is from S to 10 need be 

gravel treated under ordinary circumstances. 

4.17 Generally the formations which have comparatively large 

percentage of coarse particles as revealed by sieve test should 

not be gravel treated. There Is basic difference in between the 

arrangement of the formation which Is naturally developed around 

a screen well and the gra lar arrangement in an artificially 

gravel treated well. In the former case a gradual reduction in the 

size of the particles away from the screen with the finer particles 

entirely removed takes place creating conditions like natural 

gravel treatment which is stablished against high velocities. 

Whereas in artificial gravel treatment, the gravel particles being 

of uniform size 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 4.2B.b show a comparative study of 

the sand e a formation where a gravel pack well is most desired 

and where it should not be used. 
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4. i9 	4CT9Ra ItElCI.!G DESIN OF 	 CJ-T 'i.1 	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 some 

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, however, 

exists a basic relation ship between (a) the size of the slot, 

(b) grading of the gravel to be shrouded and (c) grading of the 
water beaning stratum which influence the well performance. 

Alteration in the effective diameter of the well or reduction of 

resistance to flow through a well screen also play their part in 

the performance 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 of slot and same grading of gravel irrespective 

of formation size is being used every where which is apprently 

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 

Jobs  etc. 

4.20  ABLTJ;JRL NT pE.SL AVEL UM - Some of the results of 

studies made in connection with the design of filters in hydraulic 

structures are also applicable to the design of gravel for gravel 

pack wells. The essential requirements of a filter, naturally, 

are s- 

1. 	Its size should be such as not to allow the 
formation particles to flow through its voids. 

That is, the eQ ective size of gravel lays betweoi 
certain 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-

ientl effective or in other words the unifor-
m .ty Co-efficient of gravel and the formation 
are inter-related. 

11.1 	Its size should be such as to cause minimum 

head loss due to surface tension and capillarity 

(refer para 4.5) . 

IIl. Material used in the gravel treatment must be 

of good quality hard granite like (10) , carefully 

selected as to shape and graded as to size 

(refer para 4.4-IX,XI1 and 4.10). 

U'. 	The shrounding gravel should not have its uni- 

formity Co-efficient more than 3 or also the 

smaller size of gravel is likely to get sepera. 

ted from the larger size in an uniform mixture 

during Its passage through the water to the 

bottom of the well while being poured in (9). 

Terzaghi and others (11.0 13) made certain recommendations for 

design of filters (though initially for dams) which were later on 

confirmed by the fl..S. water Ways Experiment Station and 'U.S . 

corps of Engineers. According to Terzaghi, the criteria for 

preventing the formation flow through the voids of filter is 

D 15 f lter 	( 	4  
D 85 formation j 

It means that 15% size of the gravel must be loss 

than 4 times the 86% size of the formation. He further stated 



that to keep the seepage forces within permissible magnitude.. 

5CD 1 	orana jon ) 

meaning thereby that 15% size ,of the filter must 

exceed 4 times the 15% sizes of the formation. 

The U.; . Bureau (12) suggested that grain size - curve 

for filter and formation material should be approximately 

parallel and the envelope material should be packed densely. 

4.23 Bertrsm (14) found that "the minimum critical ration 

of the 15 per cent size of the filter at the limit of stability 

Is approximately "b". This rg Is applicable where the material 

is at least 50% compact. ib other words if the flow is, say, 

down ward#  each successive layer of material may be composed of 

particles such that 3.5 percent size (15 percent smaller than and 

85 percent larger than) diametres is 9 times that of the '15 

percent size of the layer above. if the, above condition 

prevails and the material is at least 50% compact, practically n 

no imprignation will take place (15). If the ratio is much 

greater than 9, imprignation may occur. 'When we take into account 

the fact that, permeability varies. approximately as the square t 

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.S. war Department (16) re`commanded that if the 

uniformity coiefficent of aquifer is less than 2, and the effective 

grain size is more than 0.30 mvm.,then there does not exists any 

necessity for gravel packing. If the uniformity co-efficient is 

less than 2, but the effective size is smaller 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 agifer material is multiplied by 5 and 

10. Points of these values are located on 50% abscissa. Lines 

are drawn through these points approximately parallel to the 

average slope of the aquifer gradation curve. Those lines are 

the limits of the most satisfactory pack. If the gradation curve 

of the pack material falls outside these lines on to the right,. 

the pack material will not stabilise the formation material and 

should not be used. U it falls outside to the left of these 

lines then though the aquifer material will be stab ..fished but the 

well will be less efficient (fig 4.24) . 

4.25 For cases, where the aquifer uniformity co-efficient 
U.S 

is greater than 2, the~yar Department has recommanded that: 

(a) 12 < D15 (filter) 
<40 

Dl5 (formation) 

(1,) , 12 < D80•(Filter) 	< 58 
D50 (formation) 

To obtain the most ; satisfactory size of the gravel 

pack$ multiply 50%, size of the formation material by 12 and 58, 

plot the products on 50 percent abscissa, Multiply 3.5 percent 

size by 12 and 40 and plot the products on 15% abscissa. These 

points are then joined with straight lines. The gradation curve 

of the pack gravel should ho withinthese_ lines. (fig.4.26). 

2.26 	TATIONS OF 14N-UNIF0R f PAeKA On tube-reels a non 

uniform gravel pack can not be used because 

mien a non-uniform gravel Is poured into a well 

the different particles will travel the well 

length with different velocities according to 

their wOights with the result that large void 
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spaceswill be formed bolotr on which the 
amaliar particle ili finally come to rest and 
the aquifer movement can not be,, therefore, 
controlled. 

U. 	Permeability of a non-uniform gravel in loco 
than a uniform canes though it may be placed 
homogenously. It means lees specific yield and 
higher pumping cast, for a desired discharge. 

1.11. Special arrangements and caroful placement of 
the gravel material into the oil is required 
which increases the cost of construction and 

is not oacilyr possible. 

.27 Due to the ditticultiea enumerated above an uniform 
gravel 1 ;yrcr is generally used every there. And hence the need 
of matching the gravel ciao trtth that of formation armed. 

4.28 A solos of testa was carried. out In V.P. Irrigation 
'Research Institute Ro©rkee by Gupta (17) to find out suitable 
criteria tor*  

I. 	The design of a uniform gravel pack for uniform 
aquifer. 

ii. 	The design of a uniform gravel pack for non- 
uniform aquifer. 

4.29 His report on the reculti of teats In numnariced 
a bolov. 

1. 	1 aF P-A AT O: Por uniform gravel pack 
In combination iith uniform aquifer , ~3 tray found to 
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be the maximum stable P-A ratio. Whereas for 

uniform "gravel packs in combination with nan-► 

uniform aquifer, 12 was the maximum stable P-A 

ratio. A higher P-A, ratio in the latter case 

is due to the fact that non-uniform materials 

forms smaller voids and have a pronounced brid-

ging action which reduces aquifer. movement. He 

also reported that amount of sand movement 

increases with increase of gravel size of envelop( 

(fig. 4.29). 

Ii, 	?YECT OF 'UTTP RMXYI CO-EFFICIJTSs- Increase 

in the uniformity co-efficient of the gravel 

pack, for any particular P-A ratio, reduces the 

aquifer movement. For low values of P-A ratio, 

reduction in aquifer movement is less whereas 

for high P-A ratio, this reduction is much more 

marked. 

III. 	VFEçT ©' VELOCITY The amount of aquifer 

movement into the gravel envelop increases with 

the increase in velocity. 

IV 	VET, C U LOSS Size of sand particles is the 

most significant factor in determining the 

head loss. Loss through gravel increases where 

a large quantity of sand Is washed Into the 

pack. Surging reduces head loss, 

4 4.30 Similar experiments were carried out in colarodo state 

University (19) and its recommandations area 
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1. if aquifer is uniform i.e. ,its uniformity co- 
offee tient lies between 1.3 to 2.0, we can 

provide: 

(1) A uniform gravel pack (1.3<D60/D1O<2.4) ,with 

P-A ratio = 9.5. 

(ii) A non uniform gravel pack (3.0< 0/DIO<5•p), 
with "P ratio = 13.5. 

II. If aquifer is non uniform i.e. ,its D 60/Dl© lies 

between 3.0 to 5.0 $ we can uses 

(i.) Uniform gravel pack with P-A ratio = 13.5. 

(ii) Non-Uniform gravel pack with P-A ratio=17.5. 

	

4,31 	It can be seen that results of experiments in pare 

4.29 and 4.30 are in close appooximation with each other. There 

results were arrived at in the laboratories where the conditions 
very much differ from the actual field in regard with compaction, 

head, dispersivity, viscosity, velocity, etc. But they can be 

tried in the actual field on few state wells profitably. 

	

4.32 	'~Lc 	S „ F~£ AVET 	i The thickness of gravel 

pack around a slotted tube is mainly governed by two following 

major factors 

1. Velocity through gravel pack. 

Ii. Base of development work through gravel pack. 

	

4.33 	'LUE-OF VELOc ITX As previously stated, the 

velocity of ground water movement is very low. The thickness of 

gravel pack around the slotted tube increases the effective dia-

motor of the well and for 'a required rate of pumping, the veto «~ 

city of water through the aquiferr is reduced further. Once the 



velocity of water is reduced to a value where it will not carry 

the sand particles with Ito further reduction in velocity is un-

necessary. Any further increase in the pack thickness will be 

deterimental to the we .l efficiency, because the velocity becomes 

so low that fine sand is deposited in the voids of gravel and thus 

choke it. Discussions of pare 4,23 show that one can go from fine 

silt to gravel size in quite a thin layer say four to six inches# 

	

4,34 	L ' .~, ~LpPMENTI Development of en 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. 

	

4.35 	The hole drilled for a gravel pack well is of larger 

diameter than the actual slotted tube to be placed in the hole to 

make room for the gravel for pack. During boring, due to various 

factors, a thin akin of relatively impervious material is plaster-

od on the walls of the bore. This skin may be formed either due 

to mud employed 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.1n 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 between the gravel and 

the natural formation and must be removed by development work to 

get maximum yield from the welly and hence the importance of the 

porper thickness of pack. 
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4.37 	In a thin pack, 'undesirable fine sand, silt s clay, 

etc. can easily be removed , during development but it may not sta-

bilise the fine formation properly. On the other hand in a pro-

perky designed gravel pack, the permeability is. so high that there 

is more tendency for, water to slosh up and down in the gravel 

envelope rather than to move.• into or out of the natural formation 

at places where it may be partially clogged, 

	

4.38 	Discussions from para 4.32 to 4.37 naturally indicate 

that moderate thicknesses of gravel pack are the best choice to 

undo any damage 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 a pack thicker 

than one foot is generally a source of trouble from clogging(l). 

4.39 •DESLaNw 91 G, A3rBL _P_ACJ .p,A BATTQi 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 4.25, or it can be chosen by the criteria developed by 
ov.u~ 

Gupta (1.7) Colarodo State University (3). Examples of the latter 
method is considered ,below, Aquifer No.1, is chosen just for 
sample calculations whereas aquifer No.2. pertan .s to T,W.N©,15 
(appendix J&) , of Aligarh area. Plots of sand analysis on cumula-
tive percent, weight retaining basis are given in fig,4.39 which 
reveals that both of the aquifer have a large percentage of fine 

■w ,.. ,ze5 In incnesI 	unirorm3.ty uniform or 
Aquifer D3.0 D,~0 D60 Co-efficentsNon-uniform. 
dater 
No. 1 .002 .0048 .0054 2.2 None-uniform 
No. 2. .0047 .0072 .0074 1.55 Uniform. 
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4.40 Since aquifer No . (1) is non-uniform, in order to 
provide a uniform gravel pack, the P-A ratio is chosen to be 1l 
which gives D0 of gravel 4 0.052". This gravel pack is plotted 

approximately parallel to the aquifer curve (refer para 4.22) which 

gives uniformity co-efficient of 1.8 for the pack (fig. 4.40). 

4.41 Plot of aquifer 'No. 2 in f .g 4.40 shows that a very 

large percentage of the aquifer is very fine and uniform. Effective 
size is .0304? inch i.e. much less than 0.01" and therefore needs 
a gravel pack for maximum yield (refer fig 4,39). The median size 
Dso is .0072 Inch. Since the aquifer is uniform, therefore, to 

provide a uniform gravel pack, choosing P.4 ratio = 8, gives the 

D60 size of gravel = 0.05? in. The gravel pack is now plotted 

approximately parallel to the aquifer curve and gives an uniformity 
co-►efficient of 1.5? (fig 4.40) . For all sizes of gravel pack, 

the slot size should be so matched as to prevent at least 90% of 

the pack material from flowing Into the well. In appendix ( ) 

sand aflalysis of 6 state wells of screen type have been plotted. 

These wells actually required gravel treatment.Size of gravel pack 

on the basis of recommandations of 13.8.W.D. and Colarodo State 

University has been designed the case of State tube-wehl No. South 

Lod. A (Muzzaf arnag ark . 

4.42  T;E ,G , 	'.,,' j 	The gravel envelope is 

provided to cover up the perforated portion of the screen. The 

envelope should be carried upward until the entire screen has been 

covered and a few feet above to counteract the future settlement 

possibilities. Gravel treating to the static level or the 

surface should not be carried out as it does not serve any 

purpose and simply increases the cost. Gravel treatment carried 
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4.43 	, _ .I,-~' AGET ~: Placing of gravel in the pack around 

the well is as important as its proper grading. There are, broadly 

speaking, two types which are widely usedi 

(1) Ordinary Gravel wall typo, 

(II) Stablisod Artificial Gravel Type. 

444 ORDIN'.AR `• GRAEL tIALL 	- In this method a casing having 

diameter to accommodate the permanent screen and the required thick-

nose of the gravel pack is 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 space around the 

screen till whole of its length Is covered by gravel. While the 

gravel is being fed in, the casing is slowly raised so as to carry 

from 6 to 10 foot of gravel between the screen and the casing. This 

method of placing gravel is positive and Is commonly used where the 

formation is comparatively coarse. The development of this type 

of packing is 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 3 At TSB  ABTIFJJAL GRAVEL 	' 4-► then 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 way as in ordinary 

wall type except that treatment is developed as it is placod«Slight 

surging is done simultaneously to keep the settling gravel treat-

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 is to supply the formation with 

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

4.46 	 D 	Small feed pipes or 

down spouting must be used whenever, possible. In this method, the 

pipe is placed near the bottom of the well with the gravel being 

fed slowly, and evenly until it has filled around the screen to a 

verticbl height of 4 or 6 ft. Then the gravel pipe is raised about 

the same bight and feed is continued. If due to some circumstances# 

shovel feeding is necessary., then shovelling must be done slowly 

and evenly so as to avoid seperation of particles and thus main- 

tai" the uniformity ratio. Plenty of time must be allowed for each 

shovel full to settle. The track of , the gravel level must be kept 

at all times, 

4.47 E GTh oF  LDTTED TE BE Having fixed the size and. the 

slot width (refer para. 4.41) in .accordance with the assortment 

of formation and the sizo of , the gravel, the length of the pipe 

can be calculated as to have velocity of entrance within permissi- 

ble limits i.e., 0.1 ft.per second. Some authors are of the view 

that an open area equal 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 gravel 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 insignificant 

and contribute lbttle to the overall discharge. An example solved 

below will lead to this conclusion very clearly. Field figures 

have been chosen to have better understanding. 

4,48 Fig. 4,48 shows a gravel pack well 250 feet deep borec~by 

a.rie and have bore diameter of 27 1nch. A 6 in.slotted tube is 
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lowered centrally in the bore and let the slots be locatod at the 

bottom. The annular space left for gravel packing is:: 

x ,,!,,,,_ (272  - 62) 	= 	x 1 	x 33 x 21 
4 144 	 4 144 

= 3.78 sq.ft. 

Let the permeablility of the gravel pack material be 

9000 g.p.d. per sq.ft. which is approximately equal to the per-
are 

meab ,lity of materials which/generally used for gravel treatment. 

Read causing the u ttaU vertical flow is 

45-25 = 20 ft. 

The water from the upper strata 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 = 	= 0.33 
0 

According to Darcy's law 

Q0Kxi X A. 

Inhere Q = discharge in gallons per day 

K = Permeability in g.p.d. per sq.ft. 

I = Hydraulic gradient. 

A = Area in square feet. 

Q 9000 x 0.33 x 3.78 
11.220 g.p.d. 
7.8 g.p.m. 

Ln These calculations assume that the gravel column is 

completely 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 1451  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 a 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 vertic~.l 

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 SIZEQLO TED TUBES: As previously dis-

cussed, it is best to have the uniformity co#efficient of gravel 

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

in all cases generally. This immediately 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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desired. Ignoring these facts, makes an ineffecient well. While 

choosing the slot size,'the strength of the perforated tube must 

also be taken into-account. 

4.53 On state irrigation gravel pack wells, tuber of fixed 

slot sizes 3/16 in. to 3/32 in, are generally being used every 

where irrespective ©f - the quality of aquifer or the gravel. Gravel 

used is' also of one size only.' This practice is obviously inJ'u». 

rious' to;  the efficiency and life of the wells (refer para 4.19 

and 4.41) . The practice, as revealed by - survey (refer appendix B) , 

has resulted into: 

I« Sand discharge s  frequent break-doins'and increased 

cost of repairs which were sometimes very heavy. 

,11. continuous fall in discharge. On the wells surveyed, 

the average fall in discharge is 2,600 G.P.H. per 

year (appendix B) . The cost analysis (app. A) shows 

a loss of Rs. 242.00 approx.per well per year for a 

gravel well, for, average running period of 2,100 

hours per year. 

In order to have efficient gravel pack wells 

and to avoid unmatured failures due to sand discharge or fall in 

discharge*  the following steps are recommended for future guidances 

1. Sand analysis of each aquifer layer must be done in 

each case and correctly interpreted (refer para 4.21) , 

4,.39 to 4.41) . 

2. Gravel size should match the formation size for high 

effeciency and atabilisatjon of aquifer (refer para 

4.24, 4.30 and 4.39). 

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

(refer section II of Chapter III) . 
D 
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4. Development should be thorough to minimise the 1o$se9 

(refer parrs 4.36 to 4.38) . 
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C H P T E R- V. 

5.1 ITI~QDQC (3Ns So far from Chapter I to Chapter IV 

latest design aspects only were taken into consideration for 

constructing a good tube-well for: 

I. preventing un-matured and early; failures and 

II. improved efficient performance 

No discussion was made of the trouble which they give 

during their life. 

Though a tube-well can be constructed as much off icient 

and durable as the prevailing circumstances and the developed 

techniques 'well 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 f ells and from the point, of view of econo ►y they can then be 

classified as partially failed or failed wells. In the irrigation 

department of tT.P.Government, these wells- whose discharges are i 

less than 20,000 G.P.H. are called partially fai3od or inproduc-

tive wells. Since the rube-well Irrigation Scheme is a commercial 

are therefore, any reduction in yield of a well should recu okra 

keen attention and special efforts to improve upon. 

5.2 Many State Wells, as can be seen from the survey reports 

(appendix B) were quickly reached to the stage of partially fail-

ed wells. Since 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. The cause of depletion of supply 

was naturally attributed as the consequences of sand discharge. 

But the behaviour of a sick well which has properly been designed 

for a sand free discharge is totally different and distinctive. 
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5.3  SICK LtS  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 

increases the pumping lift, i.e., more work for the existing pump 

with a lesser discharge and loss of pump efficiency, the operation 

al cost goes on Increasing as the time rolls eno and the profit 

falls. Such situations are obviously neconomical to permit and 

can not be allowed to exist. 

5.4  CAUSES OF SI KNES 2  Chief causes of making a well sick 

and reduction of Its yield ares- 

T. Sanding off ( a condition in which the productive 

zones are burned in sand). 

II. Coarser layers are sealed off by the fines in the 

formation. 

IlI.Eevelopment of obstructions such as growths, depo-

sits and incrustation in the screen perforations and 

formations. 

5.5 Sanding off can be ascertained by taking sounding and 

sludging can remove this defect. Defects given in Para (5.4 -Xl a iIT) 

generally occur and both chemical and mechanical treatments are 

employed to remove them. Some times a reduction in the rate of 

pumping is also recommended. 

5.6 REDUCTION INRATE OF PUMPIRG.z 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 causes the dissolved substances 

to deposit on and around the openings. A rate of reduction will 

naturally retard the process of incrustation but actually this is 

no solution of the problem specially for commercial wells. 
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5? CHEMICALTREAD To ±ufrrni dissolve or dislodge 

clogging materials or incrustation on the screen or in the sand 

surrounding the screen, chemicals such as acids s  chlorine and 
sodium hexametaphosphate may be added to a well. Acids are to be 

used only where the metal of the screen will, not be affected by 

them-Some of the acids to be used with different metals are given 
below: 

(a) Brass or Bronze. Muriatic acid. 

(b) iron. 	Nitric acid. 

Acid treatment of the -wells has already been discussed 
in details in chapter III. 

5.$ EVI1V t9F WELLS BYCHLORINITIQj 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 n were very active and dangerous. The quest 

for better chemicals, therefore, persisted. Recently chlorine 

(1,2,3,4,5,6,7,8,9) has come In wide use for restoring the well 

supply than acids. Chlorination of wells is extremely effective 

when used specifically for the elimination of bacterial growths 

that clog well strainers, the areas immediately adjacent to strai-

ners, the pump bowls and the piping leasLing 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 changed (1) Chlorine mixed with water makes. hypochlordms acid 

which attaches calcareons deposits (2) .The chlorine s  therefore has 

got more general application in reclaiming wells than is commonly 

supposed (3). 

5,9 PROPBT1ES O CBLORINE FQR WELL TREATMENT: Chlorine 
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is about 2.5 timesheavy as air 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 	A M1AL LROWTH Water slimes, or organic deposits, 
usually consists of mucilaginous mixture of capsulated bacteria. 

Iron and manganese present in the water tend to favour the growth 

of iron and manganese micro-organisms popularly lumped together 

under the designation "Creno thrix"',, (4). There iron and manganese 
bacteria and some times aluminium bacteria together with high 

forms of micro-organisms which may abound in water itself, tend 
to choke the openings of screen and other water handling equip-

ment. 
5.11 ~E 3 E ` 'ES'~, 3 3 ' P RS t~ 4 ~ _IRi~N_LIM-1! ANGAIORSE_StMS-► 

Resides, promoting bacterial growth, the commenest form 

in which these metals occur is in the reduced State, as ferrous 

bi-carbonates 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) 4 Another form 
of secondary origin and, which is applied ab almost entirely to 

iron, is in the form of suspended, insoluble higher oxide formed 

by corrosion of well screen and casing by aeration of water con-

taining ferrous bi-carbonates. 

5,12 ACT CN OF CHLORII Z Chlorine readily attachs the 
enzym system which is 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 MINT (?k; APLIlOQFCALQ-RINE, i The Chlorine in 

the form of gas or liquid is introduced at the bottom of the Drell. 

When applied at this point, Chlorine comes in immediate contact 

with the sand and gravel surrounding the screen# the screen, the 

pump and by diffMsion with the piping above the pump. The wells 

are pumped while the Chlorine is being fed in and then allowed to 

stand for x2.24 hours for thorough soaking by well - Sometimes 

assisted by slight surging. This practice forces the chlorinated 

water into the sand and gravel surrounding the screen. then the 

wells are heavily treated with chlorine, It should be followed 

up by dechlorination with sulphurdi-oxide and flushed before rep» 

lacing in service. 

5.15 	RE_C~,UTZ Q 	Overdozing of chlorine in any one opera- 

tion must be prevented, Chlorine injection can be repeated if the 

situation so warrants. The pH value must not be allowed to fall 

below 4 in any case otherwise the screen may be got damaged due 

to action of hydro-chioric acid. 

6,16 J U3TRATIONS. Improvement in yield and efficiency 

of wells has widely been reported in U.S.A.Technical Literature. 

The effectiveness of chiorivation is well demonstrated by follow-

ing few examples; 

(1) The capacity of two wells of University of Illinois! 

U.S.A.,(6) reduced to 25% and 45% of the original capacity. Acid 

treatment could not improve the capacity materially. Afterwards 

chlorine was injected which improved the capacity of wells upto 

90;x. 

(2) Case history of a well (1) which was constructed 

in 1934 is shown in figure 5.16. Within 4 years, its capacity 

became so low that it was considered as useless. But alternate 



treatment with chlorine and flushing improved the yield very near 

to its original capacity. 

5.17 Chlorine treatment as discussed above$  has been proved 

to be relatively an inexpensive means of improving the wells, &PA 

pump capacities and overall efficiency of the -plant. It may, some- 
acoal 

times,, be supported by4  treatment. The cast in most cases will be 

found to be less than the cost 'of pulling the pump 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 

irrigation wells. In appendix B, it will be seen that there is 

a large number of slotted wells whose yields have gone down suffi-

ciently without any visible cause. These are good cases for chlo-
rine treatment. 
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5.18 C, &G0 t-TREAZ4LM: Besides acid treatment, chlorination 

of wells was found to be an effective agent for improving the per- 

formance of sick wells, and specially in cases of ' acute organic 

growth. Apart from bacterial growth, frequently the fall in cap, -
city of a well is caused by plugging of screen or the water bear-

ing strata around the wells with minerals deposited from water $ 

with natural clays, silt $  iron oxide or calcium carbonate along 

with iron bacteria and slime forming organic growth. To meet this 
problem!' a glassy phosphate named CALGON (chemically - Sodium 

hexa - metaphostkate) has been developed (10911, 12). Calgon treat-
ment is useful in two ways. 

I. It helps new wells to produce at the maximum output 

consistent with practical limitations of draw down. 

I1. It helps in rehabilating old wells whose productive 

capacity has fallen. 

5.19 TLI,USM&UOS2 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 typ6oal examples clearly demonstrate the effec-

tiveness of Calgon treatment. 

A well in Baltimore, U.S.A. (11) 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. without 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 

20 R© P E 1E OF C4I © t  Calgon contains at least 67% P205 

and $.s 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 is therefore man neutral. It is easily absorbed on the metal 

surfaces and their oxides and salts. 

gx 5#21 M ER Y  ' 4 p' " . 	Most important and the 

fundamental property of Calgon is itsp pronounced ability to dis-

perse finely divided metal oxides and salts including calcium car-

bonate, clays and similar materials which are commonly found in 

ground water. Some more materials (10) which are dispersed by ig 

Calgon and, are subsequently removed from the wells are listed 

belows 

A morphous Silica, Hydrated Ferric oxide s  Iron Carbonate, 

Calcium phosphate s  Magnesium Silicate, Calcium Sulphate, Ferric-

oxtde, Magnesium Silicate etc. 

5,22 Some minerals like Calcium Carbonate and Iron oxide or 

Carbonate can easily be dissolved and subsequently removed by acid 

treatment but most of the above (para 6.22) minerals found dissolv-

ed in water will not respond to acid treatment. Calgon, however, 

has been found very effective in such cases. 

5.23 AC 	i gib ' + A?# 	The action of Calgon is manifold as 

described belows- 

(2) It forms a thin film of phosphate over the metal 

surface which prevents corrosion. 

(2) It prevents the precipitation of Calcium Carbonate 

or lime scale. 

(3) Complexing and dispersion ability combined with above 

properties prevents precipitation of dissolved iron 

In iron bearing water. 

5.24 	t1n,,.Q A 	ON ' FA'VlN2.:s With the pump and all other 

equipment left in place, the chemical is poured into the well 



.6152. 

under stationary conditions and 	is allowed to remain there 12 

from 24 to 48 hours. During this period the pump Is turned on and 

off 10 or 12 times at equal interval for surging. If surging 

is not possible then chemicals are to be left in the well for about 

a week. Surging is done in such a way that water is raised to 

the ground level and, then is allowed to ,drop back into well, This 

action forces the calgon solution out into the formation through 

well screen. 

8.25 The resultant churning action helps the Calgon to loosen 

and disperse the deposits on the screen and in the formation. 

Calgon . is comparatively a slow acting chemical substance than 

acid and therefore require a larger contact period for its comp-. 

late action. The entire process is repeated aguin , d:, ain- till 

no further improvements are observed. Generally two or three 

charges are sufficient. The well should be thoroughly flushed 

before putting into service. 

5.26 LUANT' T ° s. Generally 15 - SU lbs of Calgon with one 

or, two lbs.of hypochiorite are used for each 100 gallons of water 

in the well casing under static conditions. Hype chlorite is added 

to accelerate the removal of organic growths from the woll(10911). 

6,2'x` ~,1VAWZO_s Glassy phosphate is harmless to either 

metal or concrete (9) during the short contact periods employed 

in treatment) whereas the acid attacks the metals quickly. There-

fore in Calgon treatments the wells can be cleared baying the 

pumping equipment in place without any risk of its being damaged. 

This results in reduced labour expenses and shut-down. 

5.28 &gZUOPi NT QF WEZLS i Since the glassy phosphate is 

c-ivable of diaoensine and consequent removal of clay and other 
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substances,. it can naturally be used for initial developments of 

now walls. 

 

5.29  B4II Calgon treatment is not a permanent cure 

and has to be applied' as the situation requires. 'But, however, 

it has been reported that periodic cleatiings are more convenient 

and useful than attempts to maintain well capacities by continuous 

glass phosphate feeding. 

 

6.  From data xa of wells of Uttar Pradesh (Appendix 

B) , it will be seen that yield of many slotted and strainer wells 

have decreased considerably. No action to improve their discharges 

could be taken except of fitting a high capacity pump in most 

cases. In such cases where,draw-down has also gone down and pump 

sets- are in satisfactory eonditionst Calgon treatment is expected 

to increase their yeilds 

	

5.31 	The wells can also be redeveloped 

by mechanical methods such as surging, air lift, dry ice treatment 

and swabbing. 'Swabbing accompanied by air lift has been found to 

be most effective mechanical treatment (13) . But all these methods 

are slow and costly. The shut down period is generally large and 

the results are short lived. 

	

5,32 	'1' ii RECESs Mechanical methods as described in 

para 5,31 above were not found effective and were quite troubled 

some. Chemjcal treatment is chiefly aimed only at the specific 

type of growth and is only mildly effective on incr9~station. It 

Is short lived also. Special care has to be taken in using strong 

acids as they are very destructive to the metal of pump and well 

casing .otter methods for improving the performance of sick wells 

were, therefore, constantly searched out by experts'. 
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5,33 	`. 	R ATT t S1!t' 53,  From discussions in prQceodiu, 

paras, it will be seen that exact requirements and object for 

r ede slop 	the wells were- 

1. Maximum fficieney with minimum cost. 

« Minimum danger to the equipment and well structure. 

III.Minimum shut down period. 

• 5.34  	4S WE1EW  

Besides mechanical and chemical treatments of Woll , 
explosives were sometimes used for improving the performance 

of Wells. But the results were not satisfactory due to its high. 

power. In some cases, casings gave way under high power develop-

ed -by detonators or P.E«T«N, and the wells completely failed. 

However after long search and continued efforts a technique has 

recently been developed in n. S.A. for revita'izing of wells by 

vibration explosive methods (14,15,16 )* original objectitQ of 

the vibratory explosive method was redevelopment of sick wells 

by removing incurstation or fines at perforated areas but it has 

also been found very effective on new wells for in .ti,al develop-

ment work, 

	

5.35  	A summary of benefits to 7 wells 

located in 'Southern .Ca iforn a,i`..8.A, is given in figs 5.35A. 

Improvements in ,drawwdo'wn of these wells is shown in fig.5.35B« 

The improvement In production . and . draw-down for Beaumont well 

4A is given In fig. .5. C. 

A study of those tests reveals the effectiveness of vibratory 

explosive method which permits the pump to operate near designed 

efficiency. 

5.36  pBXNCfli  The vibratory explosive method is based 
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on controlled release of explosive power of P.F.T.N. The heat 

of explosion of if t. i.e. opprox. 2 gn. of PFTN19880 o Ca ..Explo-

sives are commercially available as low as one ninth this, strength 

(320 Cal.per gm) . Thus if the period of explosion is tncroasod 

to 5,000 times and its power decreased to ]/9th, the energy of 
explosive can be reduced to 	 1 	that of PETS'. Zn this fact 

:5,000 
lies the safety of the 'vi" ratory explosive method for use on 

tube-wells. 

In vibratory .explosive method, a series of closely 

spaced,, small charges . are fixed at accurately timed intervals 

with the result, that a. ser ,os of , small blows continued. coven a 

large period of time is obtained. 

5,37 	BW&CLET±Qfli. Cole (13) studied the effects 

of large quantities of gas generated by under water a plosions. 

The results of these investigations were released to public in 

1948 only due to security restrictions. He observed that gas 
bubble forces the eater to move away so rapidly, that are after 

flow, or enlargement of the bubble beyond Its normal capacity 

is produced. But the hrdro+statievi pressure surrounding the 

bubble easily over-come the inflated condition and the bubble, 

soon contracts. Bubble expands and contracts 10 times, on an 

average before the energy is substantially exhausted as a single 

expansion. Thus for each shot water is forced in and out through 

the perforations of screen of sell, W-times for each shot, i'hen 

one cycle is completed, second series of shot is fired and so on. 

The time can be varied by means of special firing mechanism. 

8.38  f UNTXOF XPSTZV 	It Is always possible to con- 

puto the safe amount of explosive for redeveloping the wells by 

the following to well known formulas- 



1. Bursting strength or pipes in iiicb the ozploaivo 

is to be used can be nscovta .nod by 	local s fort la. 

fl. Pressure dovolopod by sn explosive confined in a tube 

with imtor both outside and inside the tube can ho 
calculated by Franklin E.Roach formlao 

Thus just amount of ozplosive to dislodge or breakup any 
incrustation or other material and i anh them free by moans of 

bubble cycle can easily be calculated. 

5.3 3JJD1rt Special ozplosivoc arc spaced on various loads 
to correspond with the perforated area. This prepared firing 

string Is suspended inside the tiell tt casing crhilo tho pump is 
still in position. After the firing line is fizody, men the ozpl©-
sivos are opposite the perforated stem, the charges are detonated 

at pre-dotcrnincd Intervals by a special firing moc Innis. 

The explosion produces a continuous series of shoclz ucvos 
of relatively long duration that may be used in various casings 

yet are pouorrTui onouah to shatter and dislodge obstructions in 

the porforttions and or in the surrounding formation. 

	

5.40 	 " c ' g 	in notly constructed eons, 

vibratory explosive opens near passages because of re-arrangement 

of cquifor which would have other iso not boon available by ordI-

nr r development £iOthods,. It has been reported (1516) that yield 
from the eilwells doirolopcd by vibratory explosive method ins more 

than ordinarily developed ells in the same aquifer. 

	

5.41 	5 	 *' 

The followingg advantages have been ties established of 
this methods- 

1. Definite and prolonged improvement can be achieved 

safely. 
2. Proper use of explosives makes thou Least ouicncivc. 
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It requirod the shortest shut-down. time and producos 

minimum disturbance to the pumping unit. 

Indiscriminate use of the method is very, dangerous to 

property and can ruine the .well..... 

The vibratory explosive method which has been claimed 

to be very effective in revitalising the old wells Is a patent 

method held. by +'s. Norman A.McLeod California[. S.A. 

0.42 	.1 From the survey data (appendix B) I it was 

found that almost no efforts of any kind were made to improve 

the yield of old wells anywhere nor any such efforts are being 

taken at present. It appears, that this happened due to the fact 

that engineers were always pre-occupied with the problem of stop-

ping sand discharge which appeared on a majority of wells,whether 

they were strainer type or gravel pack slotted type wells.Doplo- 

tion of supply was generally attributed to the defect of sand 

discharge. A list of working wells which wore surveyed and on 

Which chlorine injection method or calgon treatment can be 

adopted profitably is given in appendix C. 

6,43 Vibratory explosive method though extremely effective 

• and efficiont will not be possible on agricultural, strainer typo 

wells due to Its very fragile nature. These strainers will not 

with-stand the explosive force and the well will be lost.. 

5.44 As and when improved technique of well construction 

is adopted and sand free wells are made, then there tochniquos 

are bound to play their important role and will thus save marry 

unmatured failures of sick wells. 
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PMENTI0N OP FAILURES OF TUB.k LS AND STUDY OF 
SENT ' EOINIQUE OF CONSTRUCTION FOR 

An.E.00 ?A lON 

After independence, there has been a phenomenal 

quick grorth both in agricultural and industrial fields in our 

country. The demand of water both for agriculture and industry 

has increased manifold, it present, due to near exhaustion of 

economic sources of water like lakes#  reservoirs, viverat  etc., 

it has become imperative to harness ground vator by tube-trell 

pumping. Prevailing rates of rater supply from tube-wells in 

Uttar Pradesh state do not compare favourably Frith canal rates 

hence its use has not developed so much as it should be. The 

main r'eaoone for the scheme to be costly as revealed by the 

survey data (refer appendix 'B') collected by the author are: 

•I. Average life of wells in this state is very 

low. It is 1 years as compared to 40 years 

approx.. in U.8.A. in similar formatiems . 

2. There is a high incidence of unmatured 

retirements and failures (fig. B2 in App. B). 

The maximum life of strainer well as observed 

from data collected is 25 years thus u s the 

average life i.e only 16 years. (refer App. B). 
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So Due to sand trouble on almost every wall, the mainte« 

trance cost as well as the energy cost is considerably 

increased with loss of revenue# Revenue from an 

ordinary screen well is R5. 3OO/ per year as aompnrod 

to fi. 953/ ► per year from a good designed and "bettor 

screen well (refer appendix A) • 

The cost of water from tube-wolls can naturally be 

reduced substantially if the above shortcomings are somehow overcome. 

This can be achieved, If, every component of a well is properly 

analysed and scientifically designed. As a matter of fact, a well is 

just like any other engineering problem and calls for considerable 

attention to it. A proper study of formation in which a well Is to 

be located and the design of wall structure according to formation 

qualities, henco, is very Important. 

On correct intorprottion of physical and chemical 

properties of formation, depends 

1. The yield from the well 

2. future troubles and 

3. Life of a well 

Per a scientific good design, the following tests 

(refer chapter I) should invariably be carried out which were not 
done hithertofore. 

1. Steve test for each layer of fortn^tion to determine 

the physical properties of sand and consequent design 

of screen structure. 
2. Permeability test to determine the capacity of well, 

3. Chemical toot to determine the quality- of water and 
consequent tolection of proper material and subsequent 
preventive operation (refer chapter V). 
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Besides the above tests, a careful pro»study of water 

table contour map is also very helpful in correct location of 

wells (refer Para 2.24 to 2.26) . S.ich a map immediately reveals 

thats- 
I . A crammed and steeply rising water table contours 

indicate a fine formation not ;citable for well 

construction. 

2. Flat contours show a coarse formation. 

The exploratory tube well organisation of Govt. of India, 

it is learnt, has started preparing such maps but these have not 

yet been publi shod. 
The pro«study of uator*-table and ground contour map may 

also in some cases help in averting an stn.-  necessary +crpondi.turo 

on operational cost (refer para 2,28 to 2.30) 

then the above formalities have been completed, the 

question arises rhethor the well should have, a straight screen 

or should be gravel pack. Though a gravel pack well gives a better 

performance, but its 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 In which the requirements as detailed in para 4.16 to 4.18 

are not fulfilled. Tube-wells should generally be constructed of 

straight screen type. 

Whether a well is to have a straight screen or slotted 

tube screen$  the proper do s gn of both typos of screen is vary 

essential for bettor performance and longer life. The selection 

of a proper 'screen i s a very complicated problem as discussed in 

detail in chapter III. The folloAng requirements should,houovorp 

be satisfied by a good screen. 
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1) It should be strong enough and should provide a maximum 

open area - (refer pare 3.32, 3.39, 3.4©, 3.4?, 3.4 3, 3.945 and 3.149). 
The velocity of flow into the screen should not be more than 0. 

ft. per see. 
11) For minimum head loss, compromise should be made in 

screen factors C,L and D such,  that - . > 6. (refer Para 3.25). 

The value of factor 	can be worked,  out only when value of C 

is known for which further investigations are needed as described 

in chapter III, 

II) The screen openings should be of such size and shape that 

it would respond to surging and development works (refer Para 3.41, 
$.153, 3.154) so that maximum amount of hater in transmitted with 
least head loss. V typos of openings are tiost suitable. 

.,IV) The tutorial selected for the screen should have 40 to 
50 years of useful life. It should not deteriorate by corrosion and 
chemical action of ground water or by acids used at a later stage 

(refer Para 3.106, 3.120 to 3.122),, A uoll designed and corrosion, 
resistant costly screen is definitely a better investment (refer 
appendix A) . 

In gravel pack calla, the general trouble is of sand 
di schargo$  chocking of strata by fine sand movement and consequent 
fall In yield and heavy maintenance cost. In order to overt these 
troubles and to have a prolonged life of wells the following 
recommendations are made. 

I Sand analysis of each strata should bo carried out 
(rotor Para 4.21, 4#39 to 4.41). 

2. Oravol size should match the formation si zo (refer 
paras 4.24, 4.30, 4.39) 



3, Screen should be designed for minimum head loss. The 

velocity of flow of water into the screen should not be 
more than 0.1 f. p. s. And if the value of factor C is 

known then 	> 6 (refer section II of chapter III) 

4. Well should be developed thoroughly. for minimum forma. 

tion loss and maximum yield (refer Para 4.3 to 4.38). 

After completion of constructional and development work 

of a well, a drav-down test (refer pars 2.36 to 2.46) should be 

made. By this method it IS possible to separate • the two components 

of losses (f.. formation loss, 2. structure loss). Any such subse. 
quent test will reveal the source of trouble and remedial measures 

to remove it can be chosen correctly (refer chapter v). 
Though a well can be Oonstructed 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 its draw'-down increases In comparison with other wells 
In the vicinity with no apparent cause, then chemical tests 

should immediately be carried out to determine the nature and 

extent of salts present In the water. In order to restore their 
full vigour, the following ring methods have been suggested. 

1. In case of bacterial growths or the presence of Iron 

and A4aneswn carbonates in water, chlorination of wells 

as described from Para 5.? to 5,i ' will be useful. 
2. When minerals and salts as detailed in Para 5.21 aro 

present in water, ealgon treatment as described from 

pare 518 to 6.29 will be most effective. 
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3. In case of severe sickness chore the well does not 
responds to above two treatments, vibratory explosive 
method as discussed in paras 5,34 to 5.41 may be 

employed. It must be noted*  as stated proviouslyl  that 

the present screen structure - agricultural strainer 
of state wells is not strong enough to withstand the 

Shocks of vibratory explosive method. Instead of 
improvi o  the well 'Will be completely ruined,Therefore, 
this method should only be tried where strong screens 
as discussed in chapter III have boon installed* 
In short the recommendations for constructing a tube's. 

well of good design and consoquont improved performance can bn 
summarised as below$ 

1. Contour map of the area where a well is to be located 

should be prepared first. 
2. Sieve tort for each layer of formation should nocessa- 

rily be done to determine the design of well structure. 

3, Permeability test should be carried out to determine the 
well capacity. 

4. Chemical test should be carried out to determine the 
quality of water in order to select proper materials for 
well structure. 

8. Straight screen typo wells should generally be constructed. 
Gravel pack wells should be undertaken only in cases 4horo 

conditions as described In pars 4.16 to 4.1$ are not 
satisfied. ied. 

V. For minimum head loss, the velocity of flow Of water into 
the screen should in no case be more than 0.1 f.p.s. 
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7. As far as possible V type openings of screen should only 
be chosen for better efficiency. 

6. Better s,cronn materials, such as stainless steel,Evordur 
or Hone). material should be chosen where the situation 

so warrants. 

9. After completion Of eObstzjctional r ork, a dram%-doi t 

test shall be carried out carefully and results so 
obtained shall be kept carefully throughout the life 
of well. It will be most helpful in determining ttturo 
sources of troubles* 

10. As soon as a well fall sick, scientific investigations 
must be done and treatments such as chlorine injection 
or calgon treatment should be carried out for more 

severe cases and where the screen is sufficiently 
strong, vibratory explosive treatment which is a sure 
treatment may be tried to revive the wall* 
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s, to 	Bhizer Price creon yl 	eAPSoreen4Now Ixiis 

The cost analysis of a good designed well screen and s 

cheap screen has been based on two important factors from the 
point of view of economy: 

I. average life span of the woU 

IS. average fall In discharge. 

Thus if there Is very little fall in yield from the well 

over its entire life and also if the life span is greater than$  
naturally, the well working will be comparatively cheap. 

The average life of agricultural typo 
strainer well and slotted well as revealed by the survey (rafer tablo 

of general performance of Agri. strainer well  and--olette ml - 
appendix B) is Only 16 years 	 at present. The 
average life of screen and slotted :calls in U.S.A. where surveyed 

in late forties was found to be 30-35 years. From the develoymonts 

being made at that timer  definite opinion was expressed by many 

tube-well experts In a panel discussion In U. S.,,. In 1946 (1) that 

there was no reason viii the life of a screened well could not be 

increased to 50 years.Since then knowledge  of better materials 

and science of well has greatly increased,, hence it is supposed 

that the average life must have been greatly ,improved upon. by now. 

The average life of yells at present is 16 years and the maximum 
life Is 25 years which is vory poor. Our aim for the future wells 
must, therefore, be to make them serviceable for about 50 years. 
For coat analysis purpose, however, being on very conservative side, 
a moderate life span of 35 years only has been taken. 
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(ref or appendix B) that on failed veils, the avora'*e fall In 

discharge per year In 16 years was 6,500 g.p.h. The whole of this 

fall in discharge eat not, possibly, be attributed to defects In 

screen only becauso the behaviour of formation, also comes into 

picture. Lot 1,500 g.p0b. fall in average discharge be due to 
formation clogging and the rest 4,800 g.p.h. average fall in 
discharge be due to screen defects such as incrustation, clogging, 
corrosion and sand pumping. 

It will be seen that from a good and strong screen, it weuld 
have been possible to rasotro the original supply and in some  cases 
even more by treatments like aaigon and vibratory explosive nethodc 
provided the reservoir did not deplete. But duo to vory fragiblo 

nature of the strainer screen employed at present, these methods 
can not be employed. 

Also from a good screen, let us assume an average fall in 
discharge of 1000 ,gp.h. The not fall In discharge due to only 
cheap screen 411, thergfore, be 3800 g.p.h. Expressing in tabular 
form: 

I. Average fall it discharge from a .cheap screen 
well per year from survey data) 

II. Average fail in discharge due to reasons. 
other than screen 

:. Average fall in discharge from a cheap screen 
Anticipated average fall in discharge per 
year from a costly screen well 

.. Comparative average fall in discharge from a cheap 
screen (now in use) well 

6,300 g.p,h 

~- 3,600 g.p.h 
4800 g,p.h 

1,040 g.p.h 

3,800 g.p.ho. 
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B !Iil1a 	ALJCREEi 

(a) 

	

	From sink .ng fund method, the amount of 

depreciation alloyed per year is given by the formula3 

CI+Y1"- 1 

vhero M 	Y = rate of interest per year 

V z Original cost 

V1 = Salvago value 
n = number of years. 

Assuming salvage value to be nil in both the cases of cheap 

screen and higher priced screen, the formula reduces to 
rV 

Per a 33000 g. p.h. well 300 feet deeps 
coat of boring s set and other items approx. 	= th. 1,50O/.. 

Cøst  of strainer now in use 100 ft.@ .25/.. 

per ft. 	 = RS. 2,5O0/ 

y . Total capital cost V of a strainer well 	= 1. 18,000/.- 

______________________ 	 -- 16 years. 

Ra ;2 of 2ntere_e 	 = 4% 

.. Rate of depreciation of a cheap strainer well per year 

%. 830 per year 

fib)  a ~', gg - p .s The present tarrif of electricity in the 

state is Rs. I5O/ per year per B.H.P, installed plus n.p. 5.5 per 

unit consumption.. 

13.H.P. required for a 33000 g.p.h. well to irk against a 

head of 50', assuming a pump efficiency of 60L 



1.G say 14 LP. 
.: xad electricity changes for 

14 if.?. R. i5O,. per if.?. 	Ts. 2100. 
Units consumed for 4000 average running hours for 8, 	g . p. h. 

discbnrge (average fall in discharge from a cheap screen was 
4,800 g.p.b.)  

7  X  40{ 3 
1000 

=3.6x 104  kr.  Rr. 

Cost of units consumed 
5 s5 l.ps 	fir. 

 

R. 1980.00 
,« . Total Electricity charges per year 

2100 + 1980 = 4080 

• Say •Ps. 4100 par year 
interest on capital @ 4 

18000 x .04 

(d) 'Overhead charges including staff 
per 11 per year - say 

+f Maintenance and repairs per 
it per year 

:. Total operational cost per year 
(a +'b +a +d +o) 

= Rs. 7g?'. per year 

s. 800, • per year 

T. 300/- per year 

f. 6780/.. per year 
& g a& The average yield is 28200 g.p.h. for 000 firs. 
running. 

.: Total yield = 28200 x 4000 gallons 
The water cost R. one for every 16000 gallons 

r". Revenue per year =  	__. W. 
16000 

1. 7050/- per year 



o% saving per year per well 	• = 70350 - 6760 
' s. 300/' per year 

Rate of return on cap tal from a well mere a cheap 
screen has been Installed - ~ 	100  

18000 

• 1.6? 

01 R c' t 	~► H 	P .ICF 	Elm 
D!k3~t _421 t'1 

Capita. costs 
For a 33000 g.,p«h.. well 

300 `set deep, cost of boring, set and other 
items approx. 	 = T. 15,510/" 
Cost of 100 feet good screen @ No 100// per 
foot, 	 = Rs. 10,000/» 

.•. Total capital cost V of a good screen well = fi . 25,500/- 
________________________ 	 := 35 years 

t_ - 	t o 	• 	 40 

«« Rate of depreciation of a good screen well per year 

«04) 3 . I 

= R. 346.00 per year 
(b) 

B.E.P. required for a 33000 g. p.h. well 
of Go% efficiency. = 14 H.P. 

.: PIKed electricity charges for 14 LP.. 
@R. i50/- per H.P. R. 2,100/,. 
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. _ ansur e s In a cheap screen well, the average running 

hours as revealed by the survey data are 4000 Hrs. per year at 

•a discharge of 28,200 Hrs. per. year at a discharge of 28,200 g.p.h. 

Therefore total water pumped during one year 

2820024040 

11.28 x I O? gallons 

But in the case Of a high priced screen, the average fall 

in discharge has been assumed to be1000 g.p.h. and therefore the 

average yield will be 32000 g.p.h. 

. For the same -demand of water, the average running hours 
of a good screen 	 ,1 will be 

.. Units consumod 
x 3500 	3 . 

1000 	 oo 

3.56 x ' 04 IqiiIr 

• Cost of units Consumed 

@ 3.5 n.p. 	Rr 	= .3.~6__ _10 x ~~ 
100 

= l s 1960/u. 

.. Total Electricity charges per year 

2100 + 1960 

P5,. 4060/f- 

( e) of n d Le 	mrt~vta h d 7 o 	Let by cmpi.aping a well 
designed screen and subsequent proper ,development, the Improvement 
in depression t be by 1.8 feet on an average. For an average discharge 
of 32*000 g.p.h. and 3,5000 average running hours, the saving in 
running cost will be as follows; 



3!-05 	~t3~ 	QQ $ 	x Ot7 

	

60 x 60 x 550 	60 1000 	100 

}. 539/- per year 

Say lb. 54/" per year 

Interest on capital @ 4% 

per annum 25000 z 4 

(a) 

	

	 jtz Overhead charges. 

including staff per well per year(loss 

maintenance staff trill be required duo 

to lessor t oubles), say 

s. 1020.00 

I5. 650,00 

maintenance and repairs, per well per 

year (due to good screen there vili be 

less trouble hence less cost) say 	t. 75.00  

.: Total operational cost per well per ,year (a + b - e + d4o+f 

346 + 4060 - 54 + 1020 + 650 + 75 = Es. 809' 

..yØJl1XF 	it will remain the same an that from a cheap screen 

well,, because the total quantity of water pumped in both the 

eases remains the smO. 

	

,, : Revenue per year 	 lb, 7050.00 

Net saving per year from a properly designed good 

screen well is 7050 ► 6097 

Es. 953.00 per year. 

to o et is Rate of return on capital from a veil There a 
costly screen has been installed Is 

- 	2 

 

	

too 	x. 3.73% 
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From the foregoing calculations it will be seen that excess 

profit earned by a high priced and well designed screed per year is 

Rs. (953.00 ,- 	.00) = M. 653.00 per year 

Rate of return on 5a 7000.00 Is 	z 100 9,3 

The capitalised value of the profit earned In 35 years at 4% 

interest 411 be 

953 Z 

=953 
.04 

=Is. 70, 210.00 approx. 
Thus it 411 be seen that the capitalised value of the excess 

profit earned by one such well is sufficient to finance two good 

designed and costly voile vitbin its anticipated average life. 

ra 
IL, 	Xteth. 	 eap ordinary 	t1fódiót Financial] 
o. 	 screen in use 	designed 	gain from a 

Rs. 	screen Rs. 	costly screex 
e 

1. Capital Outlay 18,000.00 25,,500.00 

24 Operational cost 6,750.00 61097.00 653.00 
per year 

3.  Profit per year 300.00 953.00 853,00 

4.  Pate of return on 1.67% 3.733 2.06% 
capital outlay 

S. Capitall sod value of 6,400 70, 210.00 ~376~+ w► 3a yea 
profit earned by the 
well 

From the above discussions It 411 be soon that by 
simply investing ko 7 400 morn„ we can get a return of ft. 653.{0 moi 
per year over a period of 55 years i.e. rate of return on an invest-
mont of 1. 7000.00 is about 9.3% which is quite attractive. The overt' 
all rate of return from the well is increased by 2.0653• Moreover the 
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net profit earned by a good and well designed screen of a well 

Is 1 . 3'( 	00. 

The rate of return on capital outlay is bower because of the 

electricity charges which are quite heavy in this state. To make 

a tube-well scheme popular and more economical, the electricity 

charges will have to be brought doh: 



»176"- 

The slotted well is a very sturdy well. All treatments 

for restoring the yield can be employed on it and, therefore, Its 

original, yield can be maintained over its entire life provided 

that underground reservoir has not depleted. 

From the table of general performanco of slotted malls In 
appendix B (refer page 1%'t ), it will be seen that average fall in 

yield per year per well over a period of 8 years average running 

is 2,8030 g..p.h., for an average 2100 running hours. The loss in 

revenue due to fall in yield Is forked out as follows$ 

Total loss of gallons of water per year pumping period. 

2500 x 2100 = 5.25 x 106  gallons. 

water is sold at 16000 g.p.h. per rupee, 

.•. Loss of revenue = 	5 	6 
3.28 x 102  

Rs. 32B/' 

For pumping out the above quantity of water from the 

weU the following expenditure bns to be incurred: 

operational charges of electricity at 5.5 nip. per KW Hr 

ft, 	a J2 a 5  x, x 	x 2100 x,.s.... +60 x X60 X550 	60 	p 	 1  try 
Ps. 86.16 

Say rho 86.00 approx. 

Therefore not loss of revenue, = 328 _ o 
= R. 242.0 per year. 

Notes The other items of operational cost will remain the same 

whether yield falls or not. 
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Since there are very few cases of failures in this type of 

wells, therefore, they are expected to cork for 35 years And If 

the fall it yield is not checked then the capitalised value of loss 

of revenue per year assuming the same average fall over the entire 

life span of 35 years frill be as follows: 

capitalised value of loss in revenue 	242 x  (1,0A 

242 x 

1'7847 

Say Is. 17800/- 

or hundred such xzolls, the loss of revenue In 88 years 

:. 17800 x 100 = i . 17,80,000 

The above amount of loss is, obviously, very heavy and 

justifies the attention which should be paid in designing a proper 

gravel pack well as discussed in chapter IV of this paper. 

Besides the above loss, from a good designed slotted 

tube.well, depression head. will be less and which will resalt In 

still better economy, 
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PREVINTIOU OF FAILURES OF TUBZ-HELLS AND STUDY OF RECENT 
TECHNIQUE OF CON 'RUCTION FOR flIPROVED PERFO 4ANCE 

ij'I.uI!. 
Data of about 300 state irrigation wells of districts 

Debradun, Saharanpur, izaffarnagar$  Meerut and £Ligarh of Uttar 

Pradesh state was collected and vitically examihed in order to 

find out the general performance of tube iells, causes of their 

early failures and useful life as a result of' prevent method of 

construction and design. Data of only 180 typical cases - 103 

strainer type yells and '"77 slotted type wells - has been included 

in this appendix of the paper. 

tiethod adapted for calculating (1) yield, (2) useful life, 

(3) average fall In yield and (4) average running hours is as 

.follot s: 

YIELD: Only the representative yield has boon taken in 

column 5 of the table. This figure generally gives the yield of 

the well over the period indicated by the previous and subsequent 

year to it as included in the column. This method gives a suffici-

ently accurate average discharge for the whole useful life of the 

cell. 

Ug= L FRs  For simplicity, useful life has been ealcula-

ted by subtracting the year of construction from the year when the 

last d1schar;e was observed.. For exanple,, if the well was constructed. 

in 1952 and the last discharge was taken in 1961, then useful life 

of the well is 61.52=IDyears.. 
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flRAE  FALL  IN  DISC!ABGEYEARs  Average of various 

representative discharges of column 5 of the table except the 

initial discharge was ,I first calculated. Then this average was 

LZbtractGd from the original discharge. The resulting figure gives 

the average fall in discharge. For example,  the initial discharge 

of T.W. No. 26. Meerut group is 31.,161 g.p.h. The representative 
discharges of the subsequent Years are 

1946 - 28,199 
1949 	27,251 

1950 - 24,0$3 

1951 	22,796 

¶955 - 20,348 

1956 - 17,300  

Total of 6 observations - 1,39,97? 

to Therefore average reprosentativo yield 
per year ; . a: A 9 

= 2,329 g. p. b. 

Fall in discharge per 

year 	= 31,161 - 230 329 

7769 g.p.h. 

say 7800 g.,p. h. 

The fall in discharges of rells have been rounded up to the 
nearest higher or low r hundred figure as It is more or less than 
Soo 

Age RUNNf99 HOt Bs 	It has been calculated by dividing the upto 
date hours run of the well by the useful life of the well i.e. by 
the figure of column 7. 
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Besides the above information, separate tables have been 

prepared indicating the general performances of strainer type and 

slotted type of wells as regards their average life, minimum lifer  

maximum life, average fall in disebarge, running hours, etc. on 

group and district basis. 

piG.B1 - It shows the comparative average fall of discharge 

and useful life of tube wells for districts of Meerut, Muzaffarnagar 

Saharanpur and Aligarh. 

FIG B2  - It sho;.!s the trend of failures of 6" !lgricuitural 

type of trolls ©f four above mentioned districts. It will ho seen 

that after 16 years of age,, the Incidence of failures increased 

sharply as time rolled on. 

FIG..B3 - and FIG.B4 - Thew graphs show the representative 

discharges of tube wells Nu. # South Loi group and N©. 24-A North 

Loi group. These wells were discharging sand in large quantity 

(refer serial and 62 of append.  B) . The perforated pipes ©f these 
wells were badly corroded in a very short period and large holes 

tore formed .(refer fig?'1os) Large quantity of sand, therefore, was 

pumped out t i eh brought a quick failure of these wells. 

PIG.B5  The graph shows the performance of slotted wells ©f 

the districts surveyed. It shows the trend of fall of discharge over 

various groups of running period. &i.nce most of the slotted wells 

surveyeyed are comparatively new, the fall in discharge has not 

boon very substantial. kit as the time ili roll on the discharges 
are bound to fall very much. 



- 

TABLE OF GENERAL PERFORMANCE OF 6" 
AGRICULTURAL a RA.IN1R WIRES 

me off'Dist' pct" 	, reragO I 'e Average fall .Average 
In discharge years 	Remark. 

Timm I in 

Brut 17 ,. 6,200 5,200 	Maximum life=25 yrs. 

zaffarflaga? 15 : .3,300 , ' 5,100 	Minimum 	 fe= 9 yrs, 

hatani r 13 , ?it 	0 	,. 	' 2,600 

igarb 18 6, 200 31,200 

Total 63 259,400 160,100 

Ipervie .w 

erut 11 5,000 2,900 	Minimum lit e=26 yr s, 

zaffarnagar 1 4 6,800 4,500 

haraflpuz' 11 '?9OO 3,900  

tg ai b w 

Total 38 1D, ?00 11,100 
RC 



ro Ito 

LI 

11 r4 
"-a 

1 r4 

r
i 

i s 00 Q 

u 	1 	1 a 	1 	1 

li0 a IIt9
a 
	0 0 0 0 °§808 

U d 	 w a a ~► w a w w a 

tl 

i 	i 1 8 1 1 1 1 1 

O °a J 

4 
00 

101-4 0 
Is 

*0 r4 	r403 C3 r1 

It 0 vo 	1 	 O U 	1 

it reGfi w 

~
I 	> 	 1 	,"'ti 	1 	1 	1 	1 

It 

ll 0 	i to Ea. t" N M C81 r~4 N 
00 

t 4 

Iw 

44 
0 

0 

Ii 

si i 

O 

11 t# If 
0 

0 

0 

hO 
I 

o 

tQ 

V4 

•s 

M 
0̂~ 

0) 

0 



90 

o! ! 

tQr 

— 

( p 
000 
000 w ) 

0000 
000 8 

0000 

S 

0 

4 t 
U U 
00  

vo 	r 0 

r40 
004  

0) I 

0 'I H 0 

t C) 0 C') 

N M 

00 As 



W r4 

h 	It 	it 

a J 

0 

go 

8 
0 4 

34 
V3 a 

•0U 	 11 
pt! 

y~ tb1 	1 f Y~  r4 	I 
It 
II 

 l 
a © 

►' o 	ci c~ 	0 	8 it 
aii Lta 

 

LI 

0 	811 
4 01 II 	

cli _ 
'Z! 

it_ 

1 o 

	

'd 	vim• 	cL 	QQP 	~` 1! 
0 

it 

o 
.11 	

rl 	ii 
t 	 "~ 	If 

r•1 	0 	 1~ 

II 
H 

11 

01 

it 

hI 	
it 

i 
YV r4 Yv 	 U7 	 r4 it 

O /'1  ~ 

4411 o ~t 

• 

 pm O =1 
0 
o it 

0  
 443 3$ 

r4 ; 2r4r4 
no 0311$ 

0 
0 
44 

.4 o . r 	r14a •̀  	'* 1 
Q43 o A rl 

91 M 

+'31 



U 1i1 

tq r4 p er! 

,i j 

2 

ME "I 

CC U ! f 

Hf 

0 
~ W R 
d w 

~ y 

r o 

a 
v 

9a 	i~ 
M 	m ! 1 

4a 	• 

N 
4 

~ H 
rte{ 

t'~ 

t  

CO 

p 

C 

D 

B Co 

Q 



	

ap 	if 
• •a. A 	 n 

1 	1 	1 	 i 	C*i 	j 
w  a.  .•

to 
 

o >~ 
	0 	

it o i! 	t! 	N! 

	

O 	0 0 	 0 p0 op ~1 

	

N W fipt 	 +~ 00 	t 	~J 	tp 	C4 Ij 	N 	0 	X17 

	

It 	14 	0 
1 	 it ° 0 

	

U 	 f 	 I 	 N p 	w, 

	

,-4G. 	 H t1 
 

aH  
• 	 f1

ft 

	

44  0 	 ii 
ft 

cd 	
~j 

 
© 	it 

	

Ct~•c9 	 bti 	N ~ 

	

U) v 	6d I n-1 
 

	

i0 	~} 
Ii  

1 	1 	# I 	H 	
0)
'I (i  

ti'1 	g  

	

0)1 
	 I~  

	

It 
4i M~ 	 i H H 

 4444 
 H 

	

H q 	 tIi u) 0 

fl LI 

	

41 	 ii 

	

O 	pp 	 li 	~d 

	

. 	 It 1 0

1 	

It 
it 
It 

14 
1 	i 	t 	CE) 	1 	t0 	H ift 

	r4H 

	

tI 	I( 	11 	It 

If 0 1  

Cw  H  1 
0o 	 m CE). 	1 	H r# 	i!  

p4 p4 

	

1u 	4.)
~,.•~ i 	( 	"a 	to 

43 

$4 	 $4 $4 	0. • Pr 	 rJ 

$4 	 Oil 
ti A 	Cyt 	 P411 

	

H 	II 

	

11 	4i 



11 

4 tI 
II 
II 

Ott 
O 
Ott 
ca n 

U
t 

s it 
'OH 
Cs) ~H 

a. 
to 
0o 

0 0 
w 

ico 

to 

RT 

Il 
II 

at 

It 
II 

I 
It 

r4;t 
II 

II 
II 
II 

II 

It 

It 

It 

1~ 

j 

ti ff 

ci) If 

.C4H 
~i 

CO 11 

it 
~s3 It 

t 

t~1 

00 

pa 

p 0 a v+ 
$410 

.q g 0 00 0 0 0 0 0 0 0 
!►, n Gib t~ e~ tR r7 P t~ o H w 0 w w a w w 

u3 
w 

cD 
w w 

~!' 
w 

300 

C~ 'd 

0) fK 

CO 
C"+ 

V r t t i i t i t 0 1 
tO 

I 
CO 

m 0 0 0 0 0 o 0 0 0 0 

a> 04 

~ ~ a 
I t r t t t r t a  

t) 

m m 

rte! ~N 

i $ t 1 1 1 1 I ri I 

Qd 
K 

i 
14 

sn CO O) m m co lo a 'a 'a +0 
rI 

Hb 

00 
I t 1 1 I t i 1 C t i 

0 

r o 

1 c CJ ti 00 a 0 Ch C7 
Sri C C 0) V .c td , 

of 0$ N .G 0$ k 1Q to  0 

0 
c. • 



$t~c9brs~SNm 

• Q) 

ç.f 4r 
cI 
r04 	0) 0)O 

U J C)H U4) a 
VI > 0) 0)Ci .rt 14 

0)11) 	G) 

0) 	: • 
r1 	4H ti 0 

00 	0) 
I 
O 0ri U) 

+ 

o 

Q) • m ~" 

«-r 	sd 	s2 
14r4 C) 

0)  m 

+' 
0
i~ c0 tl 	0) 
bow 

d  
y 1r U O 
W 	b 	Sri 31 
~ 	a'4•~'tx NS 

O 

 cJ  
~ h 

ti 	 ti ro 	c d a F 

II

,G 

 ~n rD 	 A 

V1 r~1 w 	a 

G) cr f 1 1 t t3l t 1 1 

00 0 0000 
a s R 1 8 00 00 9 U 0 w w w w w w w I. w 
N 1 CU ri N rl N N N 

00 0 0 00 00 
ON 
00 

V. 
C11 H VU 1 N co N C+) N 

0 
I 1 f 1 	1 t 1 i i 	1 

to 

0 
0 i i 1 1 	1 I i $ t 	1 

1 1 1 1 	I i 1 1 ! 	1 

t CO Q 1 1 i i 1 1 

p 0 C 
0 UQ 1 1 1 	1 # 1 1 1 	tG 
r"{ to 4A 

to W to 1 	0 N oO C'- N to 

00 0 0 0 

rq rq ri N 1 

t ' ° t 0 w V. w v w 
1 	t CU C'1 r"1 CU u7 

z 



SbV3A NI 3jl1 3~Vtl3/~~T 

c0 	 ~D 	 n1 	 O N 	 _ 	_ 	 t0 

Lii 

p ~ 
J 
Q 

u' 

~ 

Q 
a 

ui 

Q 
a 

W 

1 

0 
O 	0 0 	0 0 	 0 

O 	 (n 	0 	t) 	0 	L 	0 

H a C) 39bvH'JS1 Q NI 11V j 



IN 

I00 
	

TOTAL WEB S 

W 

d 

z 

D 

40 

20 

.7 

1 9 54 	1958 	1942 	1946 	1950 	1954 	1958 	1962 
YEARS--  o 

TREND OF FAILURES OF 6" AGRI STRAINER WELLS 



z1,oao 

25,000 

23 000 

2%,000 

T A- 

1%00o 

16,000 

11,000 

0 	Z 	4 	6 	8 	to 
YEAR 5 --•---~- 

REPTZESENTAI IVE FALL IN D 15CHARCE OF 

12  14  16 

T. w. No. i 

SOUTr1 LOI GROUP — DIST MUZZAFAR NAGAR.. 



27 000 

25,000 

23000 

19,000 
ID 
aC 

17, 00 0 

15,00 

Fi - B4  

ABONDONED  

0 

15 000 
0 	2 	4 	6 	s 	10 	$2. 	$4 	Is 

YEARS -- 
REPRE5ENTATIVE FALL IN DI5CHAR(E OF T. W. NO. 24 A 

NORTH LO) GROUP D15T MUZZAFAR NAGAR. 



O 	 0 	 0 
d 	O 	0 	a  
'H df 	 dv H)SIQ NI 11b.J 

S?1nOH 'DNINNIIU 39VZflAV 

0 
O 
O 

4  

0 

ID- 

0 



Ii I 

d 

H Ia iH 
v 

~J 

H 

LU 

C', 

4 	"I'• '1 
eegqcip I I 

	

rf 	f! }! !! 
I  

!1 0 	+ 	QQQ 

~t 	 f 	 O 

1" 'i 

iIf 	11,1 

I . 

	

f,,~qrf . 	M 

114 

I. 
fl 	 ate 	N 

f 	O c 0 

, a j 1" 

Jc; 1YL 

	

tt NiiN,9t 	+l~ 

Q 	• 	t~ 0
i 

* 4 ".* " 

u~ 

 

"7r:i" 
cv 	~y 

M 



E 

2 

1 ® ate 

c: ba 
o on 

0,40 15 

a 	~r4 da, s * to 

ro0w0 
ØbO  

bO ti 
w' 	-  

Gi 0 0 
M rlbo92iC,) 

r r 1 

O C3 . 18'd 

0 

 4 01 
sd Q,1 	 ri 

11 O hD 
cS c15,4$4 4) 3r1 w +cAmV40 

Vv 9N v 
A 

44(12 

40 uS 

0 • 

t 
to 

0 

X04 4 to 	u0 £4 
H A 
~1 014 N tic8 

♦ '0 	 *t9 +F 
cE 

4 	 49 

Co 9 0 
w w 

E► 0 

H 	 04 

OQ 
	

p  

iki • I  1 
• w 

100) 
O) 

M  ri 

N 

M 

U, 
M 

• 
Cl) 	 U, 



III 

0 0 

vA (V 

0 
I 

0 
0 

0 
(C) 

04 Cw CV 

P 

om" M RQ 0 r1Ci f CEt 

ft ~► ~► w 

t 
w 

U)~1 
w r~ 

N 
w 

rya 
w 

rr$ 
s. w 

is 
v 

►s 

d' ~l? tC1 w 0 t t t~A GPI? 
"It 

tii 1 C 
ol  9 

r P100  

{I c 611A 00 

{► 
II 



tic') 

—a94— 

• 
bD 0 

CL bi 	vet a) G) 

r-1 a413ci1 0P O rt gi 	b, f + 
'd •3 0 $4 Mp O awl N 

M to Ali 	eq ch +r! GPØ:3 44 0 of U .gy p~ 	Sri o 

O U a).14 
 

Qt 	c 4 	c 	j © ref 

r̀  O 0 p F~ 	H• S 	ct4 

Hff4 
4.)44)d 
0404 

0 H 	'tU UWr4' Od 
® raid 	t71 sm 	is b~ r") 

rt 	! 	O) AemE-e I!mu Ate 1e 0rI 

rJ }C3 

oG aS A~ 

0 4 0© 

N tom!  i~d 
A w w 

r a 0 
r4 

00 
w 

ri c) 

0 

w 
i s 
•c 

r4 

w 

0 

w w w 

r 

w w 
'0  

©O 

w w 

r 

w w 

00
~ 
w 0 rl n ^ 

0 
A 

m Ob 

M N H cl t 9 C-4 N ~Y9 1 4V M m CC-1 4 Ott 

M 	ide 	tt3 'oo 	3 	~ti 	cEl SD tt'1 	+~ tip ttr1 	t 1 4Cf 

00 oIC) 

t to 

N 4+a 

0~ rri ri 



I 

410 

I 	f m tQ 4, 
1~ 

Sri 

c bo  

~' ~' c~""~  { 

04,0 0 04 04 VI M 
rtr4rd amcyw y+2 s-' bU mti cU drIN 

KF 
c) 0 

Rø O4) 	4.) O i14) of-44 0 €, 
1 	s Q00 m 0 td QO 0 @Rat 00. 
1 ~ 0 H t h.4 	. 	to ca © 

rh 4.r 
Qi OH C9 

4-i 
10) too 

'cc., 
m 	0 

j G3~ r~ OO.i G~ dfti 

0 b~0 W 	't'3 O UJ O c0 td O od 
ZO O  

I, 

M * tU 0 0 0 

I , j 4 ~ 

w 

00 b C1~ ttw Q1 

to 

t0 C~ 	f4 	to 
C3 

o 	in 	C~ 	p d 	r"'► 4 	? 
~tT 	X 3 
tai 

i` 	Q 	A~ 	Q 
t1"~ 	V~ 	Q' 

lt? 
Ai 

~" 	4 	l` 	wl Gkl 	r-~ 	Clt 	'Cfl 	GV N f E C~ 	t 0 	t3? 	to 0 ► I 	w 
co 	N 	C 

ir. 	r. 	w 	w 	w .. 	w w 	w w w 	w 	w 	0 

	

 0) 	H  
00 

~+ 	t~ 	Ul) 	uJ tf3 u~ ttf (us 	ti3 2 2 top tt! cwq V3 	U tl~ tI~ 

CA 0 w 1 UE 

rte! 0310) 

r r • • 



aoa 
1 

o $ 
I 04443 

i bozo 

i 4 
04 O 1 

8y~ y 11 
V 
Ii  

Co 0 0 

ty 

f t'9 r4 4 o co fay i' to CO its C) 

4 CO CO  CO CO 

10 ® a to uQ to ca s ►1) I1 to to 

1 

C) 

UI It) 

II 
!1 

p4 
UI u.P 10 
U 	II 

rte 
00 

(t ! r•1 r! 

00~ 



40 	ti  'c ' 3T 
b%k 0+ oo• 

x,"14  
aO ~ 

9 	
44 

C. i4' 	Pølt 

X 04 Q ri 0 O4'Ø 
4 O., U 4 	0 

p 
too, 	 CO 

4 

0 0 
o 0 

4 0 0 
4 
« CO 
N 

w 
+ 'CO 

H 

w t- 0 9 his M I fi11 C7 t'- C~ rl 

N C~3 N R' N !V N wt wrl ~+~1 rl t17 r~ 

. r 

r 

 



- 196- 

ftjo 

H~~~.4 0,091 01.09 'tl Uo 	• 0 LOSS' 
	

m 	0a) 
m '4 'A4

b 0 0 

~s 	10 ttj 	to 	tw 
0 	• 

.~i4.) 	R k 

• 

"' b 0; O 4r4 
ci 

£  SINA - 	w.0 ai' 0 o 00 o 
a O 	o 4► 	0O '4 

	

l
Sri 4 	,d n q .0 .4 'do +s 	01 ~t 44 r 4i «~ 

M rn 
A •r! 

A+i 	: 	}! ,.l -1 o }J Sy W 

$4 0 0 00L'~+ 0 4 ' 4 	'V 

14 z v Z 
• • 

• 

04 
4 

a • Q c~ ~ A A ~► 10 

w 
CV 

w 
r4 

w 
C) 

r 

r4 tM~r Q m 
r4 
	

r4 
O O 	R. 	p 	

r4 00 
t' '~ 1) 	C 	

Ww 

 

~►  t►  0 w  0 

	

N 	C 	m 	03 
44  Ih  0 w 0  M 04  M  0 w  w /h  00 

,4 	r4 	P'I  
• 

• 
i 

2 Q 

M 

rf 
• 

~1 N 

a ~+ n N N 



• 
Ir 

. , 
00 

o bi' 

vo0 
0r4N 	

1~0, 

C60 f4U)440.r4 

u 
airm 

rum 	a0i 	N 
k 

C) 
r-f 0  

£b0r1r14. 

4)0 

a~ cyan 9A 	"+ 	 at,) c 

o 0 
0 

$ °  
r4 

to 	 9 

;ugt N Ctrl 

C 

 $ 

U) co 



19g_ 
1 •qC# 	t 

O 	as • 	 a a Zr-4 	@ ~ 

	

.Ci v ~Q . d coo 	i11'O ~ 	

o

3 O 	9) tdvl 	o d  
bO a) as ~'d ~ k O  

i~ 4s ti N 	tJ) d O 	4+ cO r-! 6 	 O rH U) O O 	d0 i• (~i 

	

c~ a-1 O ri O O •5o 	'k • r4 ri • 	at m 	,1 U 	ca, 	• C! 
U) 	Coss tO 	F•. 	 4 'c O r4 	 . 	i t ed O 

	

d c1i c N t i O 	U U0 4 0 	V! 'r! C) cd U ro • 	 rl ro O r-I h 
1c 0 p g O 	40 0 a 0 

as O U) H 0 	 •01 	 4a a~ ca d .s 	 m 

VA )'Err-I `C IA 	' s 	to 	 0.0«o Vo am clots. 	Na 4% oo cd 	C-H O tkt" ! t) 	r4 	k 	rl r~l A 	U 	to 	4100  

	

Yi VU «~4.) 44 ~1— U 	V)rrj 	bO 9i 	r# 	'O m 43 O 4.4 	4J 4 to 	td 
'dSU 	O 	qI • h 	4+oc40 	 $4 	 1,"U 	U 

9l.tK to 10 Z7 go 	 Z 0 'r4 -H 	1 M Cf1 	• 	+p E  
4O 	-Iø0 	 r1 
Ong •'t N 	 O o t Z3 	it 	

r-4.ø 
0 bD QY 	 O 4 M4 	

~'1 

a cS 	r~ 
to 	CO 	 9 • 	 • 

t 	 CO 

0 

10 	 0) 	 U 

9 	 8 	g 0 	 .. 	r► 	 w 
to 	 to 

0) 
N 	 M 

	 N 

0J U) I? b try r t C 03O)0) ri C r1 N D t w •► w w •. w ~. w w ~. ir► •» w w w w w w sr w 

0"3 N N N' r44 N rr'1 11t ~t~t N N r~! IHI CQ N 

~t X222 9 	344$ 
t t * ole oft 

211 
oft 

03 r4 
000 0) 00 Moo  

to to 
r 0 rn p4 r 

4 ti w N 
• 

03 N 0 



r1 

c 	b 	,ten~ o,~ v ,-i 
~C! 	 Aw 	ErO +mod i1 	 o' . 4fi 	wi 

of 	 Iw ~d 	cd m 	k 4 	! + .00141(60 	Qk 	~d 
r1!5 	p 

m+1 hD 	 t 	X111 0 	P4 Htd 00 0 	10 04 	rI asq 
 

'O. oao4aa 	r-r.-4ø 43roIFI 0a 	I 

v 	0-4 40 0 9 	't ro 40 0 
ti m ro 	 a~ A0 	*m 0 ,v~~i as 	U 

ctl 
0~!a0 	U 	N I434a 	 +~*4! 4 'Ci;~ 

a s 9d  

•
A i  l + + 	 # G7 	 0+ '  

'4 	 14  

o 	 0 lb 
Co 

w 	 w 	 w 

r4  
H 

w w w ~► w *b w w w a " w w kUk  
4'11 6~1 GV 	9 a ~1 5 H* N 	CV J 	i9 



- 200 

i h A °0 0 C) 	 w 

0i 	~age 
~ 	 0 

4144 Vd 4 0 
f1O Ø d. 

 040 ~wm~vo 
%14 0•Or4 0 

)U0QVrI u.° r40. 4 
0 k '4 00 	I 40  I 0 4) p4 

IV- 

~'w n w ~w w r► 

for 

Im 



pq 

n 

It 
H 

U 
11 n 
$ 
l 
1 
ft 
Ii 
U 

H 

it 
ii 

CO 

11 
ii 

II 11 
It 

Ut 

11 
It 
II 

Ii 
'I
it 

 11 
fl 
Ii 

u) 

11 

it 

-- Zo l ., 

	

 o 	 `~ 	 00 
11 tc'd00: 	 y, 40 	 0 	~.4a 

	

0 0 
i 049 	 00 ad4 	 $1 	0 

to 
Ram 8! 4 4) 	 10 OH C U W 	 a -I O H 	p+'d 1 1 	 at 	ed j e7 	

c~ 	 ctl b~ 	c~ 

o o f,4cdH 	 o. 	m 	• 	 daSo'E •  b•4) Ocd 	 ao 14 o ra r~ ors 	vi , A 	 $4 ro 	an a, 	• ma 	 k e as ~ 	C 0 {0+3r4.4 	 Ate. 0 

	

0 V 	coo0 ~a ~H 	moV o 
Ap =wrig 	 s°, 4.i 	~ 	 xt 0 	ss 1~, 	 tai v 	q ► 

o d 	o 

Ut 	 0+0 

to 
~►  w  p 

b 	 0 

w 	w w r. 	w 	a w w 	~r. 	a, +r► w w e, ,~ -ob w 	w a r• w w 

Cg 	C3 N N N N , cj N 	N P1 N C9 N 	C toi7 N N 

N to t 	t~D 	d~ 
c~ 	 a p 	as c~ t 0 	 c) 

•r • 	 s • 	 U 

C 

t1 H 

~ H ~ 

m H 

C') 



r 20z 

H 	 flea® 	 b~ Vs  
It 	 V4'd ro ~ • 

IIiI 	 o a u 00410 0 WO0 	1090 0440 
II 	 +' % 0 

	

*104 s r-I Qa o 	 ~ WLO0bO++4'd 
0. 

It It 	 rl O CO 	4 ti i O 'C rl 	Q, 	Ai O q 

N 	 o - 	 .b, g'" V td u p o 4+t 'fit 	W 	ii H 0 .c 14 

N 	 4) Q 1b . 0 	0  	•'~ 	~lJ ~^! 	0 	D~ '  it 	 x1 m aV4 M t. 0110'G x$ 4a 	-r4 ~d fi + • fi 	'i7 
11 	 • 00 i) 0 O p p O O tl 	+0 Q1 040 ty • 4) 
It 	 CO V r 4 V .fit M O i i cti0 	40 	t tw .C; b0 tff 	d' 
II 
li 	 N 4 H O 0 0 0 •ri 4 "mot r 0 0 	O 	V "et! b n 
I! 

it ~+►1 	 a a 	 • w 
11 e4 	 fa 	 A Aa 

(040) 	 t #rA 
II 
Ho 

ll 	'  
© 

110 	 ~« 	 w 

i . 
U 

('3 II 
II II 

II 	 8 It 	X11 tØ C% 	 ri 	r4 C 3 > 	N 
f i► •~ w w •b M► ~Y w w w w w M w w M 

u  «~ 

it 
it 

11r4  ('3 ( 



Z03 - 

"1 0 
vu 

• 

dW
V)O. 

0010 
.0 4)m 

	

Al 	 4 u ri 	 6 0 	 •rr O 
b . 4 QQ 

ou A u. 	 .09 
r4   

O 

© 	 C'i 

 

0  0  C? 

0 
w 	 (r" 

	

~ 	 ~ 	 N 

1 1i1 I% 	. 0► 	~0 w N ~il► N • 	 M A 0' 1~ r !► 

IC N 

i 

	

H 	 d~ 	 +f 



_204 



5 

l td O.0 NAR h i 	O 	Q~ O 40 0 01d O H• O-A 4d told 0 C.rO 	m,~,3 +!  

o Iip ca 	• 	 or_ lz,--4 1
g 0 m 14 0~ 

(
V b 

O~ 'W 00 $4 	 c O I~rl 	Q O M 
c .4 	 43O 4 

p4 	m 	 r id C) (cD'c Cl a 	I a 
Nat +) 0, in 43.O 0 (V 0 	'0 )t 1Q 4) CO 	C1 	d~ tr4 m 4) 
14.i$., 	b  
43 
'40 43C3 

i!0 	Q id 0 ~t 	 1i ~1 r~! ap C~J 1
S
-! 	GBH C1t a U N0 

A p4 	 A 

H 
Ol 	 w 

w 

r•1 

co tD  C Ulf b p4 +~ w w Caw 

4 I. 
4A 

I 



_206- 

S 	Flo 
It 	 ti 	 k 

14   	
W
i ~ 

It 	

sd 

It Ha 0A40 ao 	 d 	~c~ aa0a.01a 
q
4 It ~w m m td cs

t
~ 	 8 	~r 

m ,.~C.' • 44 Cis C Rai o II N 	• 	 ~W Ri 
 	m

toM 
0r1 r1 +r! t~ t'r Ri ,

'ao  u 11H 40 	U c 	4 	 %4 	m (fl 	w414 
!, 	fir ! $4 0 c) m !n o 	 0 m chi 

~1 	-p 	~P b ~ ~ ~ m 1~4 	
al a t0 ,4 i 

n 	d+~ 	 w ra 
!i 

4► 

ii 	rr 
ii 	 ` 

II 	 0 

00 

!1 	 to 
n 

w w K ~+ w w w w 1► A 1N .► A A 1► 
II 	tV C3 !V C\1 r4 r4 C i'4 CC) 	C3 X11 ~1 

II ..  
it 
	t 	tl' 	G !,t? ) 	, ~ . cMO 	~ c' d, U3 ~C! a 

cit 
It 	 w w 	 SI.  

V 	 , 

II 	 . 
I 	o~ 



Vp 
ii 

I 	
~ a ~~ C 

p. 1* ~ ~ 
4b. Oq 	C s 

N U 

~ice 0r~i7~ 

0080,4u 

«yi 	• 1-4 



44 

07 

- 

4 

0 

w 	1cd'a 

ti 19 

OF+ • e.00 00• 
'dO 3'dO'r143,OOk ~t .elf' O tLi~ O 0 0 

00 0(1 

'O~0 ~ O © N'U0 ~ 	3 O~ F- pri c4-) m O 
:3 0 0 4) I(1 00 

• 4 
'rI V0 0  

b A M 	Ot-14. 1ed0  

t 'd 

+' 1i0(1~ ~~ck10bO ~ ~ wN
06ibO0 • 

qI~ 00 0 
0O 	MofN4 
X 070 	Va0V(1r-4 td 

60 	
H W 't3 .Q~

4 
~7 	

4.) 
bb 0 O M OH 

04 0 rorl rd'c 0no 
'rI0irU 	'(11 

O.(1WO tM4)rI 0 
+1 • O , rt O +4 O 0 ~R r h 4) 43 

0 	4 

0 
00 	r4 

N 

!I 
o 

$ 
00 

0 
tl 

V r4 
CJ03r4r4 

t ds  0 
to 

N 
C 0O 

rI 
03 

tNl CO3030303 &r CC7 
11 

m 

%OIr-I 
rq 

U7 

U 

 

~sN 



-2o9, 

tr 
It 
Is 

• 

w*' 	tim9 HH C4 0.r; 
'r M 0 AiS 	M 0 rYt 	y4J 

Irr Q 00 	Rr 

w Or o  
H C 

rf 

li N 	a~ o Q 

it S 

If 
If 
ISO 
SS r 
It 

§ 
r, r„ 

as ,I 06 

N rt 	N 

1 
~  ffi 

~1 

Od 

. C~i 



,~ 	 M 

0G000 	 U 
 iU 

0 	 l00rP4O3 
r-1-P+3 Q0 	 + Q 

• v ~O M O AI  
~ . VA 	0 ,q fl ('\J 	00 

l: i~ 	 k ~_+ Wv~v 	 0 tit 
000 

r-4 4 W ) 
0i 	 +1

+ 	
0 	~+1 ECG 

D 43 00 

++ 	 • 4V 
0 

G 

'A 	 NO 

G~ 0 

4. 

0 

llCt 	 ~ 

0 

+► d~}~ 	 fl i 0 

ci  
V. C- c C? 

U 	14 1 14 4. . 14 

tta 
010 
~► r 

V' 	 M 



n 

U' 

r-i 

A 

Id ci 
a c 	 0 rya 	 ~w - 	C) 
4~ 	 ~► 0 	A 	0 

9 '  4  m 
a 

0  O ♦  A  ~  4) - 	 q 	0 

	

00 	a 0 
c)ic3 0'C 	 00 

"~ W.I10 $4 	 0.44 40 

.Cd 	' 0 0~• 
pug  
v 

!~  

iior tiro 
ri 

0 

444 

0 

8 
N 
U 

0 

tr 

M U' +wR 	N 	CV 	 0 	 4" +rte 	" L1'. %0 0 
tai N + i N c` N 'coN N  

1 

. 45 
cO 
co 

a 

vo IcJ iI 
p 	'. 	'c'  



iY i R~ r1 	4 

004b 'd m 
00  O. 
si

ih

m 

4 A0 	0' W C 	43r4 
 5 	' 	4 43 0 
 tdr^  

0,40 

o 
a1 , 

a 4 ar 

6, o 0 0 

w 0 

N ev 

ko 
0 	Q 	titi 

0 
C? c43 'D CV C 1010 0 . 

u 
«- 	<V 
UN 	w» 

- 	A10 9 1A 0 N cry N 	c 
{V 	(V 	N 04 ir+ iRl 	Al 	AV 

Lf N'd' 	ttR N  OD 0 % 
'0 

C) 
U 

C 
i A 

t~ 
iii w, 

{ 
i 

wn 	4b 	tri1 

t A r t 
N 

O N Ci11 

fw 

Ill 



F.sv T V 

tqbPft
0 	 4 O 0 

00 kSri4)0 	 3S 	k# 
o NO 

0 

0O G4 

40~W 	 11010 
0400  

00 	 00 

iU 
0) 	 0 *U) 

4 

NI 

0 

0 
0 

tO 

a 	N UN 0 
0 N 0 cr 

tr i ! C. to to to to 

toI 
t  

0 
Q 

tO 

0 
N 
tD 

N 

00 	'0rf*O 
u1 Q% to © Qi 00 N 	t' 

NO *- tt\ Ltt N GSA 0 

N 
C' 

N 



4 

jod 	X54 

cto 

• 

 

a, 0  0 

	

0 	 0 
C~ /y 

+ 	#  ' a1 ' !N 	k 	 CyM 	Nw 	{fit 	"V' 

	

Kt 	i 41 Q1 	f' 19t o . 	w a 

C~1 	X11 

	

r 	 - 



21 

• V . 
ici çj ar4r.E 

L1c1C 	.s 

00 ¢ O 
V
N m a .`J~~ 	0 raj A 

0 4 t m 0 40 	,E Iola 04 0 '0 i s aj 	0) b 43 

X 446 bo o A04 bO 	 OH 1 
d 	rr~ t' 
tSSys0.0f!!wi 

'a N 	4) 
vN(D0 61 +L7 10 

m91 	0 H 
~',4)ti0 43 a 0CSo2r~ al 	0.c 	p o 

1)0 

A -0 tad 	H 	b~U'¢co 

ri •+.  

0 
© 

~p 
C~ 

p 
p 

t7 	Os wl 	~ r-1 	N 	N 	N 	to 
lb 	w 	n 	h w 	w 	0 rn w 	 0 

tW 	N 

lb 	w 	w 
N c 	N 	ri X11 N 

it go 7 a 
.. 

N ri 

~ M 

H 



.01 	'd 
00 014.l .k 

El140L. 	,I o 0 tl ae 1' 4J .o 4 o ~,d~i 

4r4 o 	t tad ii 
04 	d i  

$4H 	dd9 44 

a W 043 0 

	

r V4 	co 
~,r4V0V V0010 

O 

oI 

40 O +i 0 00 

cflo~ 

~a c'"s 0 

40 r1 4.) ,4 
0' 3 

4 0 Q o 

O 

to 

8 

o° 
8 w 

6a f 4 00 
U U 00 t~J 

N r~1 rat 
 w w 

'd t~fi c~D ttoo cq tt~ tt1 j to ~1i cl i 

7© 0r4 

0p 

C11 Cr!? 
©U) 

54 

R 

	

R 



-197- 

0444 m 
@A+~ Fi4 
Ø,°4o 

bt 

0nI O 
r H44 a~ 	o 

elm o
r4 

W fit 	► + as f'~ 

•

rt 

0 

I 
. S 

M 

Ab 
C'3 
0) 

a, 

i 	y.l 	~+ ~I W Y/ W Yi +►~ W W 

• 

0c °7 



N 	a 	v • 
43r0 O)°D 	dm~em 	®o 	oo do t  

rJ 

	

+~'O + '►+l ~i !) rte? v C> ' N 	m 	"d 41 W 
O t $4 a w r 	V.,.~ l 0 ~►1  
t 	d 	 0U 	

©0• o ~ 	 ~ 
4€Ao , 	41fi 	 d4-+sd

+ 
O 

C!5 4) 
r) 	

W 9" 4) 4 9' 4' r -4 	F4  

	

b~ « 44c V 000 0 	 d1t> c3 	p m~.3 004HO 	41'~'C7~`C> 3 +wW 	bO rlr# 

Vc1d• s~ . d w 	cd . 	i 	.c  
"i`r4 i' 

 i4.) 	 43 
 020 a 	mti 

asbOrt 	00o m~" as# 	ri0  

 Vrl kO4'4 A,c~ 
• 

Rr1 t ©0 ID 	rwi d 	t ~4 	~! H m t v rw 

• • 

44 4 

u~ er 

C3 0 

w w 

0, 

p Q +"1 rl 
00 
cal 

r1 
U) 
N 

r4 
U) 
N 

06 
W 
C) 

tV 
1C) 
rI 

Q 
(ri 
ri 

M 
t 
ri 

ri 
cD 
H 

to 
d~ 
tO 

10 
wl 
LO 

(A 
t 

X17 

o w 0+ w w p w MA w 1► V. w 0 w 

r403 
00 
	. N & C~ C~ ' 0 C'S 0 C~1 0303 

401923 tQ 

S 
	

I 

00 

00 



9 

to 
H 

'11 

4+3 434 

• 

41 

v 	.O 

r^i" C3` IA 

i! 	0 

y_ 

H H e1' 
U) 
CS) 

U 
CS) 

03 

to ©00 
0 -A 0 /► 0 ~► 

m CS) c ( 03 ,11 

to 



dtoI)0 
t o 0 

.r40 00 

43 
00 0 

add a 
43 	r1 t.i 

s 	40 
m °0 0 4 0 

E~! 0 
9 

bO b bO O 
OH F+ 

0Cdd is 

bbOA 0 a 
.0rte1 

00 a ~ 
43r4rl 0+ 

vc-4 U) to $ .00 
0 

04u qi 

•0 

A 4 

m 

0 

to 

0 
to 

to 

w o ~ a •5 II w IS w w IS 

C' 0 N r4 P4 N P. 



Vol 

C' 

03 

N I  

U)' 

-121-- 

I drd øg 	r-lø 
0 0  AbO 

ti 	'd 

to 	O 

g.9 
 

tt 

• 

Al 	 -4 

I.. 

0 

J H N 

u7 
rte! N 

(0 

A 

!l 
c03 N 

H 
N 

0)0)00CC 
Rid N CO 

A COO) N A 4I` 

CO 

H 
H 
tH 

1► 

' 
N 

A 

N 
? 
#1 

f!! 

A 

tO 
N w 

N 
('3 

A 

C CO 03 CV 03 H H rat H t') C~') N 03 03 M 

I 
 

I 



00 

F3 $4 Cd 4  
00 Q) .c:: 

04) 

(P0 0) Q+ 
4)c 	c4 

b O4 14 
10.4 2 	m 

r1 	44 

U) 

rl 
b̀ iw Qt 

v14) ,rat 0 

r 4 R3 r1 tO 

w 
N 

0 
0 

H N 

co  o C u) C? C t'') 4) rri ri r4  
9b  

to 
w 
U)- 

w • 
to 

w 
M 

lb 
to 

lb 
0r4 r9 r i p 

w 
LOU) 

w 

	

#► 	u► 	w 

	

00 	0 	00 
C') co M C cV rl 	tV 	N 

a 	 gj 
co o 
010 

14 	 r4 



! ilf 
U 

Iii 0000 4 11  10 C? ( ) 
1 	U 311 1 

ii i 	A 0 
aU 

114.) 

II 
11 ri 

49r4 0 U 
iU 

o
1 il 

HO ' 
1 
II 

II 
II 

lb 
~j q~ 

II 
11 

lb 
CSI 

II 
11 0D Q 

II 
li L11 

H 

II 
II O' O0 r400 t ttO 0 
1 to iEj 	(~- t;y ►tJ tf;? t)I ri N N N ttJ ri C~ 
(! 

~+ 

	

w 	w. 	r. 

	

r~l 	N 	rNi 
w 

rN! 
~++ of 

OHI 
w 

UH' 
w 

rfo~! 
w 

M 
w 

N 
~► w w 

N 
w 

N 
w 

rPA 1~ 
w 

N 

1i  
II 
II 

a li 

H
~N 

ll'1  
t! r4 t~ N 



~+ 

H iR! n1 
m 	C> 

Di 	• 

01b 0 
0, 

0 +o 0o 

0 	0 
bQ 43IS 

H a v 

0, ,}a 

H U W 

0 

yR 

A 
0 

W 
t P4 

 H3 
t'"I 

0i 
0 c 

00 
W 	%1 	U 

t 

'b 
O) 

U 

e"3 

N C► (b ii 	N 
HO N N N N N C) 	C') 	 V rH 

N 

4~ 
H. 



A 
N'1 

H 
H 

C3 000 CO3 

Q r1 10 dam+ 
U)

~! 

E~3 rll H Sri 

I!) 10totoO 

~>r 
hi 

.r a 

C17 

Iii 
11 

m 

0 

FLy 

r4 
H 

c~J c~ c J N '40 w  S. 

Ca N N N CCV r-4 

H 
U, 
0) 
M 
v 

co 

0 
0 
a 

0 

H 
r-4 

00 

CO 
S. 

to 

ii. 

W 
to 

._443•— 

'd 
~d3 

H H0bO 

0 r..~c 0 OH,-4 	4 0 

C 	0bO0 

r44. 0 .L" r-1 l ,-a a 4',4r. 00 U)4443  

• 
♦ C3 

is r1 

O 0 
43j 0 
00 
00 
14 CH 

410 
tiI • 0 

o ~ `~ 

ss 

ro t 

obOr1 .k 

bO 041 

 1 ~ H a4J 
1)tr4.O 

e 

4 

 

14 



C 

22280 



- d'.F - 

0 

i 
ifI.C4.4I S 	•.i4 

P m 	0 44 A 
wl fa .c' 	•C 	 r4 0 td f1 	0 

	

sm+) U)HQ 	 bO. t v 0 	1' bOo Oi o 
«-1 cd as 

W4 1 	0 	0: ,, 	N 0 4) 	b0 
4) +) m9,b 	 1s~1 O #~ O+ 4~ VL 08 0 

rt 

	

Qt .0 c 	 9 	0 v4 10 11)) 

w  

O 

r'l 	U) 	cd i. 	 r4 bD  
m Q3 	Q 	 m $ 	,~; rf o ro 4) cd o 

	

I O z4 cn 
~ 
r 	 !03410 .,4,4.,4,4 w~ 00 4 *iQ Qtd 

	

. 012„ rt tU 4A 	~1 	••r{ 	41 to . b~'d Id to '0 o 0 
• 

• 4~0 4~1 	 Mob • 	'CQ m 	W 

g. 

to 	 a 0®off0043 m0k 

~ 	 1 
11) 

	

O 	Q 0 N C wl 	ct~ 0 
~►  M  /1  }~  M~  ~►  N  f►  f~  r►  ~  I~  iM  w 

gto 

I 



4 	 4 

0 
C?w 

N Cf3. 

w +R 
d! ~o 

r 

C17 c i 4 2 {f3 m 
0 

t) 
w 

N C3 N 

	

+ 	w 

	

r~l 	r~l 
w 

h1 

C'I' 
i w w 

CD 
w 

CD 
w 

0303 1.3 e-3 o-i rr1 

as a2 
s Cti 

(~ tOC~ 

r1 H 

I-a 00 

14 	 0 
e 	 OQ 



rn 

0.0 

m 

~ a 

0 

s  • 

4+0 ' 4 S 
U) S 

4 

C: 

n 

tO 

If 

P. 

D 
8 

tD W 

4V 

74ih11~* 

N 

Y 

Cy 

~y 

CV 

V•* 

N 

or4 

I 

i4 

H 
r4 

OD 
U) 



—Z3o- 

03 
H 

~d- 
00  Ord 1 

4Q) v as 	0 .00 	ov 
2' am 

my4)0coo 

0040 	re 
' 	WO HO 

m 
0) 

rr-) t!O 	13 
f~ O  CC)) 

 4.3 H 	df 0 of 

A 	tx; 
CS  0 

i-l U) 

4-41313 

044 
tAO 

He 

U) 0) O 

A+CS~ 

Q 0 

5 
Cl) 00 

0) N 03 H 

N N 03 H CC ] 00+3 C') N N 0303 i 

dam+ tr7 d c 'd 

9 19 
1 a 

1Q  

U3 03 03 



~t 

II 

	

14 t~ 	Li/ 

ma~ 	~ • 

m 	OMMV 	. 
it 
rt 0 3~ a, .Q ~a 	cd 	as 
ii tl 0 0 ~maa°pai 
II 4 

44.0000 II 	t~ 
~iro~a 

Is U) 	(dD00m II I 

41
~tgb►tLtA~ 

Ir 
It 	r# 

U 
li 
It 

03 

U 

ti 

II

II 

If 

II  

Ir C 
I

0 
C3, II  

4 

it 
N 

( 

I ~ ~ 
d ` 

I a r 

I ~ 
I 
I tta 

P., 
I ~ 
I  ~ ~ 

I  ri q~ 



0 HO 

w w 

w 

M 

UC. 

~ 

- r1 

C ' 0 C N C! tO O t~7' fl0 (A M w 
Cam'} 

w 
N 

w 
N 

w 
~NtT 

w 
N 

	

w 	t+ 

	

rte•! 	r~-I 
w w 

r~^I 
w w w 

r~i 
w 

N 
w 

rr" 
w 

H Ctt 

r4 

R 

to 

L3 4 

w 

co 



«4 

to U COW 	 CO 

iii 

233 

0 



ri 

Z34. 

1i b 	0 

H w 0 c .+) 	 +~ . 	 ao 	+3 • 4n 10 
H to 	' k to 	 k 	F+ 	tD v~ 'd 	iw "d 	0 0 0a4 a) • 	 Novi 	 Cd g m 0  

ti O) 	404- $4 	 0 "' .4.) O 'C3 H • 	.0 0 
co 

V~~ O 	 r~l J-y ~ i~ • t Oi l 	H0 k 4 

§ E 'O A d O g  
000 0 .0 Ors 	 4G +m t11 U ae 0i.  0 N W4 
$4 Ra .0 fn 4.3 	 0 • k 40 m 	t~ + r3 	0 U 
41 +~ trs V Yi W 	 .0 R7 t w td m 	 m 3 

10H~ 	 ~cdO~~0Od 	 04) 

00 

0 ~
W
.,' ,

0
v
.c
5fi
0

O 
	

e,4 -i~f.~'`~4)'C1Q.  

+* 	 A Wp4 CI) 	cI) 	 erg 	• 
u) 

0 	 p Q 
o 0 	 C 
» 	 V 

di  ti) 
0 8 
o lb 
H 	 wi  
C4 	 rri 

rI 	 s 	 co 

0 to w 	ri r-! N N 8 V, d~ ~i" tt~ eN 	~► 
lb 11► N h lb 1 A w w w ' 	 'c 
a) 10 [*. '00 0C') 	h ri r! CV a) C'- 
tD 

 

to C') co c") 3 C') 	to cO tO tS tor 

4 
O 4 	 CQIO 

to ri 

w 

Q 

+"1 	 rl N H 	 e-1 
o 
ri 
4 



- r, o J - 

00 100  0 

O ld 

r4  0 
• •0 

A ~ 

Ti • 
V 

•

" YI 

/ a4,►O ~  

N M H M 
M N A #% 



0 
1 

1 4 

44 

C9 

0 
 

0 

of ho 	1! 

t~ 

c) i 

A A 04 

r r~ .~ 

Ai► 

• 

a~ M~ M h 111 6 M 	h 0 Ub h M h 

} 

... 	~i ~ ~.1 ~Q 11A ~ ~ Mil ~ 	'+~i W ~ `M W hl✓  

• 

100 

W 0 





-238— 



1 

it 'd as 
it RH 

1 

ii ® V GO 
• 

ii 
11 
ii 0 
it 00 

II '.1 $ a) 
S 

H 1
00$'1 H 

00 

II 
r4 0 I1 r. 0 

~ 

ItI 

it 
II 

Ir 

II 
11 
N U Q 

00 
II 

ri t"3 U) 

11 
it 
11 to to 

fj QE? 
ri H ,,~ t~~ 0] 0] r r1 rj ri 

I ~w 	w A w A w A w « w fir► M M w w 
It 

00v 	° 0] 0] 0] ni c03 v c " C m Cl) CCv a+ 
tr 

It to i e a m ° t c m m 
IM 

II 
ICJ 

i 

11 Ca 

rt r! r^I r~i 

tl 
II 
It 

id ~i 11 vi ri r r 



r4 
r4 

N 

I 

m 

04 



-z4l- 

i 

ti

• 

II 	m r7 Q ~p E • 	! ro 

II 44r1 	• 44 
l 	, 

ri 
k •  

II 
II 

0r4Oi O7 S~1O 
D40V) 

Il 
+0 

Il 
b 

i 	~ • '~ #~i ti7 

t~ '~i .i r CSC tri I 1 r ~"{ ' 	•1 +r 	,4 N a 	0 

cc) 

a e► 

t'+s 	Co 
 

w 	0 a► 	w +r► r. a 	a 	a w 

In C3  

H 1J 
•o  m0 10 

r 

Cs (V3 

Co 

r4 p4 



H. 
t ~ 

m 1 





I I 

43* 434 

• r4 r4 r1 r•1 ri ri ri H 

4 J 	c•'a CO M C7 m t) t 1 {~ d • 4 	c  

t 
Jz 

• III 

h I 

wl r"4 PI 

-4. 1 t- 

3 
Sri j 

j 

'i 

~H 3 i 	,. 
Sri i 

p d 3 

E4+) F i 

I i 3 



-2.4s- 

4 
ft 	I 	 W 	ti 
II 	P4 	 r1DJO) 
U 	 'CI 
II 	I 
II 

4 

4SW0 
ftr$ l 	 +iv 
ft I 	4. 

 

II 

i 
tl 	1 

« 	 r 

(1 II 	I 

It 
s 

II 	I 
II 
II I II 
$1 1 ° 

r+ 	 N 

tl00 I 	 0) 
It 	~  ii 	1 
$ t•̀ 1 

H. 

~~ 	i ~co` 	«~ r~ N ~ ►~ "~ ~~ '~ ~~ '~~ ~ ~' eta 

1 	1 	#t0 
V {1 = •, 	t 

N r 	to 
I 	• 

 
(1 r 4 $ 	P4 	 r 1 

I 



V 

00 
t)0 

to 

r 

•o CS 
U o 

c3 

• 00 A 
M 

0 	0 
0 

0 

0 
	

0 

*0 

I I 

R 

S 

R 

VR 	W 	'Mr 	~7V MI 	W 	~It+ 	• ~ 	V✓  ~ 	~M 	W 	W 	W W W 

M 1 j I~j IV4 
f A M 1U 1 

R ! 1 R 

ci r4 
IN 



-147 - 

s4 	a 

S a 

' 	0 0 

r 	V 

I to 

•jI .i.i 

1 

C 	a tL? 

II  

t 



03 
H 

-Z48- 

fri 

s23 

t 

d 4 
E rd 2! 
G 
*4* t 1 
4a tip t 1 

r-d H 
m1 

U U U 

~ a a 

d 
0 

H H 

O 

N N 
0) CV 

>* to 

m H H H 0)0) 0DOD H r4 
r+ 	4' w w w w 4' 4' w W A w w w sc w 4' 

0) 	Q) 
C!) Cl) c4 

1` 
Cl) 

r1 
(Y) 

N U) 
0) 

0)U) C Oi t^i r-1 rHl 0) 
N 0 0) (!)C!) 0 N (Y) C') C!) 

Q 	NCO 
U) 	to to 

0 
tt) 

0 w 1 N (Y) 0) © H co C' 00 
If) 

C) OH 
i4 tQ tp to N t0 tip tO Ct? 

ON 

cas 1 

m 

H ri 

H 0 r1 



1 
r4  Sri 	a~ 
E may, en 

to ao ~n 
toçc 0Ob0 «0 

V bO a ao to v 	 t as 
` 4) 43 a 

vi m 
043 0h s~ .0 

440 w~ 
'l 	J 	0 $4 0) 043 ,4 

Tn 
A0 ETh 	l 

A A A A • • s • 

0 04 0 tai 

0 
0 8 

P 
rat 

w 
r~ 

w 
rat @^,t 

o °a 
1 00 OD 

N 

rt 
1r f 

.-4 
y► 

N 

o0 0o b0 r4 	r4 r4 'Sf t'~'} 	ri ! AO p4 

1) O 	C ' N M 03 C') C 3 Lr3 C1 C'7 03 

	

p 	N 

	

c0 	0C) 

	

oa 	m 
r. 

U) 
0 

0w 
00 
m 

	

6 	P 

	

Cr 	c') 
p 

M c 
h 

rd 
c 

w 
Cr! 
0 

	

w 	M 

	

t- 	9 r~ 
p 

d4 c') 
N 

tc) 
r0 

O6 
1!J 
C 

K 
[++ cV 

© 	rl N €' 0 rt 3 C' 0 0 r-1 01 
tD 	0 t0 W to 	to W tD tQ tq 	tD tip t0 t4'J 

r 

-I- 

t 

U)  I 

Cm 

u 
WA 

11 
ft 
it 
11 

to 	o m 0) 
p4 p.4 H 

p.4 rrl 00
I /4 

M r4  te r! H 



-249_ 

ME 

00 

1k 
V.0   

R 

0 

j 

9 w 

P4 

U, 

~1 tta rid tti 0 tQ tD 

qp 
 1 

C,J 
 

8 

0 

am 

M 

rat 



ri 

to 

H 

250— 

m tom 

bo ho too to U 	r-4 
4 
a dd  er  b y 
r'4a) 

O r
t-4
i N rr4 

04.) On r4 OHO ~1 

ALrl  
d ! o 

a A a a 
6 © O 0 

Cl) 

Al Al Al Al 

0 0 8 
A 

f` 

A & 
r4 

8 

0 
0 

10) 00 A 4 
H N 

C+) 'd' 0 c) 

A 	h 
to C 	C') 

A 
U) 
tr) 

w 
U) 
f+) 

A 	w 

CC') 
N 

C 
Cl 

# 
r1 
C') 

A 
C 
co 

	

w 	M 
t- 

	

C''a 	C J 
Or 
" 
C') 

A 
to 
co 

R 

t0 c'? 
M 

o 0 m t to t W to 	o 0 to to 

rq 
to 

r 



- 

L'] 

LI) 

10 

a 

OG 

vr~ 
w 

Cl 

CCU 00 U' 

m 



a am 

r 

In 
ft 

) fl * m 

II 
4 

ii 

It 

11 
II r*r 

II 
I r4 

1 1' 
pm

• 

ill 
It 

ti *3 

F 
ft ► p C ei H rl rit H I'. 	w. « w ww « r► w w ~. 
II 0 	03C) Oi 

co 
rf t*I 04 v ri 

ti i') co co  

11 

~ 
it 

t 

11 
fl 
It 
ili  

.1 
It 

It 
U 
11} '~ 



IRt 	I .  
CIO 1 I-' 

Ii 	
O Rat! 	

•  

'i 	. 	F 1 	 d 0 , 
II 
U 
II 
If 	 to Opt v 	k 	

) 	td 
11 	 0'4 .10 	 W,5~1~Jt11M 
!I 	 o9, •m 	 X10 	cda 
ii 	 v S4 4V 	 AtSZ43 ~A S I I 	 rl 	 H R~ 4 M +► U Cd 
  • ~{ 

r
r4
4' 4 O4 O 	 0!  

0OO.1 4.3 

II 	 ¢! 	F~ OA AH 	 b $4 

!_ 	'-t 

o 	a 
II 

11 	Q~ 	a 	 r► 

II 	 r' 

1( 	00 	 I c 

It 
11 
llt 	C) 

i 

II 	 r.t tr-I r©4 U to R• ()~3 8 LO r'"i N co rt 
e►.. w w a► w a w w w w 	w w a a ~► a w (( 

III 	0) 	c'3 	~~-i N r~-1 e~'i r~l 	rat ~~-i rl r4 N N '.0 t~ 
ii 
Ii II 

41 

t ~  I  
r! 	 ri 

i 



4 

dd 0 

II N 0 b D ~ ~d d 	b o0 id 

1 a 
~o 	0a 

eo H 	r4 a. "wa ©o4 to II  4.3 o d 

Li ii 
 

it 
it 
II 

0) 

If 	~ mow • 

i1 tl 

111 	
O0 

II to 

11  
11 

to 

it 
It It 

If 

•ri 	0 	0 
VO4. 	ro~l, 

0 0 
.. 
' 

r j 0 fib 
r4 	p 	N 	t' 
cC! 	(04 	r~l 	ri C.3 tN 

tD 
C') CO O 

4! 1 
~' n ' 

N 
a w w 

N N 
a w 	 iii 

N 0 C N N 
p 

d~ 

N N o-I ~u C11 

ii 	to 8 

co H C® CA 

b t 

1 ~ H 

it 
~ 04 

A r:,I I 



— 4~ro - 

r1 

rl • 

0 
ri 

0 
Cn 	0 w 

03 

0 

4 
a) 
r4 

00 

Q 
N r) CD i I  w w w w w w w 

N N N N N O 03 03 

dQ O 
C~Jra 

0 
8 
w 



'1 	40 I rd 

. w. 
44O 4 

' U) V 	QI 

y • 'cry y 

H 	Ø4 
ww 

• 
~a A 

Y • 

o 9
0 

w •Yw 
C') i13 

w w 
tV 

r,'  
00 

IS) 4 t0 1U) C) d~ rH rH1 r©~i H t0 N C') N C'1 w C') w w w w w w w w w w +. w w n w 

N N N N N N c) N tV CC') N N Cpl C' CC i C C') 

C 919 
Ibis. 
G) I0 

« 
O 0  
. 

I0000 
n1 

C) 
r1 H 

0 
00 

H 
H 

00 

to 

to  1 

0) 1 



^~ 	W 

tt •4 •~to 

'd 	0 
10At)#6, II 

II W b o ..i to 

Ii bø 

Ii o .ao 
0 

r4 r1 "4 * bD a cn 

II 

r I L A 

{ 

o d 

co 
s4 
U 

w 

H OD 1b 

ct~'! 	~ tom•! C~.~ ~ m ~ 
*H ~ C}~ 4+ N ~ © 

9 	9 
~ 
8 

H 013 CJ~ tD 
tp e-1 	~9i dt M EA wi {h iG ~n w w w e. 	w 	~. w e. rt. w 

C3 
w w w 

Cs3 

	

w 	w 	+~► 
CO 

	

C'i 	J 
w w 

l') CAS C') 	N 	N t 0V N C') 

u7  ~7 93 1413 t!1 ~C t0 tq U7 t~ t t0 t0 ca 

ri ri 

C'3 f' 

+~rl t•I rl 



'- J 

00 q15 
+~ 	'Ø' DO.40 rI  

r4 	~ 	0)~'`"" 	0 0  0*9 0 

	

0 H 4.4 ba Iii v 	0 QO to 	b 0 a V 0 • 
.. 

	

U00 0 	, a 	4' 
IO ~,4 	w 	 o~ a~ 	00 00c 

Q  a  

+rj 

0 

o 	 0p 	 D 
SRO  

~ 	e~i ~^I ri rat 	 ri rat t!i 

o. r► a. o a a 4► a a a a ~. w w w c► w 

C' 	M ai 	C *4 	C') m ~4 C+ O3 *4 

to 

r~~i 	 M r4 

A 	 p lta 	 t3~ 
m  

rl 
 

r4 



w 

tr 

4 

H 

5 

Q 

00 

'a1 

N 

ra 

dc, 

c 
t'~ " -P 

A • fI 0 
0 	ct3p 

'0  C 
ft to m 	4? 

O 

0 
Ca 



tl 

 

1t4(11U a~ G~ 

~ e e 

R 

0 

~YJ 

H 

7 

G e 
A 

V ol,  1 

cii O4g0 	 I 
bObO 

b w o 	 I 

o 	 b 

0 

p A 

q fi 
r 

I 

ii H ft 

w 



262 

e) 	cry{ bQ 

'd •r4r40 

rf 	 O 
 4 

r4 

0 flrl 

i tw. 

to 

it 

0  

to 

N rt 

0 *  
coo 

0 

!A 

to 
r4 

!At a 

Qy 
rw! 

øt 
C1)" 

CCr4r4 



II 
 

ii 0 bo 
U 

If 
.N{ 

II 
Ii 

It 
II 

I, 
II 
n 
It 
U 
Ii 

tt 

ft cn 0 
1 I
S 

it i 

tf 
c*t 

H 

!1 
ft 

O~ 

11 
It 

0)00 0000 
'd 

00 
CO CO 

• c 

II 
~t3 tfJ too tE'! iC~ tO !1 IS) t!~ 	tt3 1f3 t 

9 
11 

ig 

1 
II ") 
fH fA 

p4 

~~ 
N C'~ 

N 

ft 
ft to 



-264- 

F 
03 

0 

00 

oOO U) 	U) U)0011 	00  C) H r1 H '4 C') H H 
A A A 0  A 0 0 0 

LOU) RD 10 U3 U) to 0 U? 

I 

rl 

00 

00 

H 

CQ 
H 

H 

H 

00 

N 

trD 

uo 

co 

low •a 0 
043 

~°. E a, © 
.dc bO 
0 r-4' t 

vfm©mi~0k 

•+t, 00 



- 265 

A 

0 
0 
A 
M 

0 

00 	 00 

Q NO) 	+R+ 03 ~ M f"1 r4 P] Al ri CO Pi E r40) o 
C 	r r`1 	 r4 A 03 N 	r I r- 4-1 N r,-1 ri r"1 r 1 ,4r4 
A w w w w w w A w w w w w w w A* r+ A 

C~J N RT co c) C' 	N 	C') C') 0 m (') Cl) C1T C') N 

to (S) N O a 0 H C') (0 	t` 00 a) 0 ~" 03 CO 
10 (0 10 I!) Ufa CA to to to 

	CD 
 U) 10 (0 t!? Ufa C) to (D to 

iii 	 11.1 

N 
to  0) 

r-1 	 H 

O) 
(f) 
H 

0 
to 
~1 



0 
b1 ~ 
3O  rd 

03 'd C4 	4f t~S 

cdwo 

tko!~ q 	0Q 

G30y Mb!H 

'9 vE u vtS 
~! 

w~lt~J jay 

r4 0 

e 

CA 
e 

0 • 

to 

~ 
N 

a 
CV 

$ 0 
co `o wpi 

©©
w 

00 

to M H to r~l to 	H !~ tit? 	C~0 	+5 f) C rd 
a  a►  .. 

03 
w 
Cto 
C'J 

~r w 

dt t r3' 	(() 
r4 1Ø) 

tl► 

d~ 

+~ e. 
t' 

 

A  w  w 

t  

	

M 	M 
a 

t 

.0 

C+ 

a w a 

!~ C 0303 

~ m 
rf 

6ti 
~ 

gz 

ra 

r 
03 
10 



RE 

0 

to 

r i a4 trk H n~i A . ri rq - rq 
C co 

C N C) CC) C) m C C~ C'~ C~ 

Lt) 
0 % 2 U) ~o m 0 U) 

co 

03 

r4 

-267- 

dl 
00 

o 4fl 
ci 

4-4 

,40 

In m 

I4 IY'k 

8 

a) 

C 8 C 	co. tom! tC, C') 0 M~ co 

I 



- 

r 

U) 

co o?ns 
v MAtOrSi ~ 	t4. 

tiU m  U) 
~'Ve09 ,4 	•rem 

m~ a k dOr4 

0 

0 

co N 

0 
8 

00 oc 

00 n f`- M• rt .4 03 0 0 Ov 0 6) 
Ob 	w dh a+ w w w w A w h a a rw 	A ok A a 

C 	t N C') C N C%1 C\1 N N N N 03 N 

In t to 0 0 to t 

I' 

H 
ri 

0 
r4 

00 



0 

N 

00 

00) 

tO 
03C0 

4 

coo 
C2 

f~3 N ~ 

C3 

t~-i 	tom•'! CV 

• 

7t: 

H r4 © r4i•r4l 
rI co  ( N N 

N N cat N tV 

JI CO 
t tO 

03 

N 

r-i 

CV, 

0 
0 

'.4 b d 

• o 	or 

0v0 •r I © øa1k 

44 4r4 
Ib 0 42 
oO o$ 

1N+! tit 	O 

U 

0 

w 

Co 

0 

w w w w 

C OH 

Ca 

C) 
H 

OH 

..OH ro I 

0 00 G 

0 a rd >s 
f3 "✓' 

 

00 tD 

-4 o
.0 idts O,4 m 

0 



m I 

141 

e-( 

ti 

0 
x~d 

1 1 





- ̀ I 

• 'jl t~ 

0 
tt 
It 

,.t 	• *d 
0 

II 
It 
t~ h 	m ►d on 

It 
L 

1t 
ii 

r"!  
c4 

ft 
ltd tas 4-4 O It 

ti 
It 
t1 
it 
II 

ft 

It 
tt 

~F1 

i 

ft to CU 

to 

Cry O0 tO to 	*• 

to N 0 
tfi 

N 	 0 

t 
1 

11 ~ 
It  
It 

It 

14 
it 

!t 

t 03 .  

tl r~4 



0 

0 
k 

43 

I 

0o
4ro0 

41vti 
0444 0+' 

.4 	V) 

o a to 
• o 

ci 

0 000 
Ow3+ir-i O 

U 

o 0 O 

~.V 01 ri 01 rl 

N 

rte+ C- tf~ 

O 9 C0 8 O r~i r1 r-4 r~ r i CO C7 C') 03 t'- Cl) w 	a w w w w w w w w w i. a1 w w 

N 	0 V X3 N 03 t'- 0'. N M M 4') ~C') M ~'C') C 

d 00 dc; 
01 

COO t003 • 

A W U9 rl 

r4 ri 



-274 - 

0  

0 6i 

00 S 

t~0 tS) u7 	i 2 V 9 C 

ul 

d0 
CV 1 

a) 



m LQ 
% w C3. 

I 

to 
rte-# 

►e 

2 75 - 

t! 

If 
II 

i 

b u 
tIfl 	r4 

11 
!1 

II 

A ft r4 

Oft 

ton 
It 	4 

DIJ !! 
it 

II 



f... v 

APP131l3I IC 	!C.n 

Steve test data of samples of sands from 15 stratas of wells 

of various districts is shown In the accompanying table. AU these 

veils were provided with (" Agricultural strainer type of screen. 

Ott of these 15 samples, cumul ative sand analysi s curves of 

12 stratas have been shoes In figs. 3.43A, 3.43B and '3.43 C. A 

largo percentage of fine uniform sand is revealed in case of the 

following samples: 

L.W.Nao 4111,14 and 76 - Dist. Aligarh 

T. wpjo. 	t8), oa, du and 109- Dist.. Meerut 

.fit.No. 1(A) 	 -Di st.Muzaff arnagar 

There are no coarse particles in the samples. This typo of 

sand is relatively poor water 1th producer and will be best 

developed by artificial ,ravel treatment. 

Otmi1ativo sand curve of T.W,t,Io, 66 •» Dist. Aligarh 	g.3.43A) 

reveals a fine uniform sand with a small percentage of coarse 

particles A careful. selection, of screen openings and proper 

developmentdovolopnent work is required. Gravel treatment is not necessary 

but it All be advantagobus if properly done. 

mulative sand curves of T.ii. No. 30(A) and 30 ) - Dist. 

Meerut show a well graded sand with lour percentage of fine particles. 

This for cation if properly developed will provide a natural treatment. 

This type of formation do not require gravel treatment at all* 

Figure 4.41 shows % retaining sand analysis curves of 6 strata 
samples on a semi log graph paper. Al]. of these stratas ro provided 

with OR Agricultural typo of strainer. But from graph, it will be 

soon that all of these samples have a largo percentage of find 

n uniform sand and, therefore, are not suitable for scroens. 
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Artiflci l gravel treatment is necessarily required for them for 

full development and yield. 

Design of artificial gravel pack for strata of T,W, SDu h 
Lol ) is given in figure C1  ,attached, 



SIEVE TEE' DATA OF WELLS 
TABLE - 7 

NO. T.W. P.vlsiotl & Group ry 	a. m mm m: coefficient 
No, D 	, 	10. 

1 62 Aligarh (At rauii) .09 0.23. 0.25 0.31 2.78 
2 66 `-do- #082 0.175 0019 0.79 2.36  
3 108 -4o. .059 0.145 0.16 0.25 2.32 
4 63 -do ..075 0.18 0.18 0.28 2.4 
5 55 do- .07 0,17 0019 0.27 2.71 
8 74 *ado- •07f 0.265 0.285 0,4 4.01 

7 75 -do. .08 0.21 0.23 0.3 2.87 

8. 1 Aligarh Glorhar) 0.12 0.253 0.266 0.39 2.22 
9 4 ..do » .065 0.16 0.75 0.19 2.61 

10 15 -do- 0.12 0.185 0.19 0.268 1.58 
11 It -do- 0.16 0.26 0.28 0.36 1.75 
12 30 Meerut (Daha)A 0.095 0.23 0.27 0.4 2.84 
13 30 -do- 	8 0.23 0.37 0.42 0.67 1,82 
14 1 Muzaffarnagar 0.135 0.23 0.28 0.38 1.85 (Sauna L©i)A, 
15 1 -do. 	B 0.27 0.42 0.47 0,75 1.74 



LIST of SXOK WELLS ON MICH cU ICAL OR CALGON TR E' TLE14T 
(UHA.PTE± V) CAN BE TRIED AFTEtt TEST. 

TABLE II 

SL. 0 6" AGM. STRAINER WELLS 	" SD. 6" SLOTTED PUBJ TYPE WELLS. 
NO. N0, 

T.h. 	INITIAL 3~A'US q.w. 	Z S 
N0. 	SPECIFIC SPECIFIC NO. 	SPEeIPIC 

2 
SPECIFIC 

DRAT -DO vN DttAW-DOWN DRA%-DOWN DRAY/-BOV'/N 
G.P.M. 0 G.P.M. G.P.M. I  G.P.M.. 

~R T OUP SABARANPJ  *KOUP 

1 20 23.3 18.4 1 16 156 13.5 
2 18 24,1 20.3 NAKUR GROUP 3 24 31.5 18.0 
4 28 37.3 19.9 2 41 
5 33 40.6 23.8 3 48 44.1 33.0 
6 
7 

35 
54 

40.8 
62.3 

24.5 
49.1 ROORKEE GROUP 

8 53 64.0 47.5 4 22 55.3 13.5 
LOHARA GROUP 5 

6 
26 
28 

45.4 
23.5 

31.6 
13.0 

9 32 57.1 44.3 7 39 25.3 13.0 
1Q 40 31.0 27.9 8 41 36.9 25.1 

SOUTH LOl GROUP 9 10 
46 
13 

32.4 
53.6 

18.1 
14.1 

11 9R 22.7 18.8 11 21 54.4 32.4 
12 16R 	29.9 24.0 12 8 74.2 35.9 
13 1411 	21.8 16.9 13 12 32.3 16.2 

JANS ATH. GROUP 14 10 50.6 24.7 

14 6 2'x,6 16»4 DEOBAND GROUP 
15 7 31.6 10.1 15 15 30.5 26.8 
16 13 24.8 14.2 16 16 41.8 31.3 

RoaRKE  GROUP 1' 
18 

25 
30 

36.7 
46.7 

15.4 
32.4 

17 5 45.3 16.6 DAHA GROUP 

19 21 36.1 31.3 
MUZZAPAR NAGAR GROUP 

20 14 53.6 46.1 
21 17 53.6 47.2 
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RECENT. TECANIQUES OF DRLLLING DEEP WELLS 

For construction of large capacity wells, besides hand 

boring, three following methods of drilling are generally 

employed now a days: 

(1) Cable tool method. 

(2) Hydraulic rotary method. 

(3) Reverse 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 conditions encountered in drilling 

and therefore each well has got its own individuality and there-

fore must be handled as such. 

CABLE TOOL METHQDs  In this method percussion drilling 

is employed with the help of a boiler. The hole is drilled by 

raising or lowering a heavy bit on the end of a steel cable which 

is 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 

which can be felt by the operator. Each formation has its charac-

teristic jar. The character of the jar Indicates the manner in 

which tool is operating. The driller regulates the length of 

stroke and rapidity of blows according to his interpretation of 

the vibrations conveyed to him through the drilling cable. 

Different types of bits and their cutting edges are 



used 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 either sharp or bluest for consolidated or unconsolidated 

formation respectively. The bit is made of heavy steel bar 4 to 

11 feet long. The thank 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. 

QYANMES,= The advantages of cable tool method 

are i- 

(1) More accurate sample of formation is obtained. 

(2) Quantity and quality of each stratum can be 

tested as drilling proceds. 

(3) The cable tool rig is much lighter and can be 

easily transported. 

RQ2ARY _ ST 'DRILL Na :- A rotary drill is a most 

useful tool for test hole work. Rotary drilled test holes 

produce more information than any thing else. The test holes 

are generally of 4.4fr inch diameter. While drilling a best hole 
the following information is carefully recorded, about the 

formation: 

(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. 



(8) Loss of mud. 
	`j 

(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 is 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 efficient and comparatively 

cheap than any other method. 

$ ULXC- O x MI IN s  The hydraulic rotary method 
is the fastest method of drilling a hole in an unconsolidated 

formation. In this method no casing is required. 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 In a tank they settle out and the 

mud is recirculated after mixing necessary amount of water and 
clay to maintain quantity and consistency. 

The drilling machine is rigged up at site. The drilling 

bit is 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 maehinev. 



-4- 

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 20  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 

It gets dulled very quickly. 

DVA, TALES :: The important advantages of a hydraulic 

rotary method are :- 

(1) Large holes 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 material 

in the hole. 

(3) Suitable casing can be located at the desired depth. 

This ensures maximum supply, minimum draw-down and 

minimum infl©w velocity, which decreases sand troubles. 

(4) It can handle, alternate layers of hard and soft 

formations with less accidents. 

One of the most important item of hydraulic rotary 

drilling is the washing of formation after the complete hole 

has been drilled. If the mud is not completely washed, it will 

not allow full yield of the formation to be pumped out ( refer 

para 4932 to 493?). 
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REVERSE BOTARY  It is a modification of hydraulic 

rotary method and has become extremely popular in Europe and 

U.S.A. In reverse rotary drilling no casing is required as in 

the case of hydraulic rotary method. 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 membarane together 

with a differential head of at least 6 to 10 feet between the 

water table and liquid level in the bore is sufficient to stali-

lise the walls of the well during drilling. There is no need and 

of adding clay or any foreign material during construction. 

The hole is drilled by attaching a cutting face or hit 

to the hollow drill pipe, which is rotated by a power table. The 

loosened unconsolidated material is removed from the bore under 

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 wator which returns to the 

bottom of the bore and thus cycle is completed. It is essential 

that tank and bore are kept full of fluid at all times. 

Nature of formation guides the rate of drilling by a 

reverse equipment. Laminated 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 stoppodi 

(1) There must be an ample supply of water. 

(2) Accurate test hole data must first be obtained 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 to work around the 

dock. 

~JANTGES: The advantages 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 particularly in laminated formation. 

(4) The well is sufficiently developed during test pumping 

only. 

(5) Reverse circulation rotary drilling method generally 

costs less than other methods. 

COMPARATIVE DRILL 	PERFORMANCE: The following table 

taken from War Department Technical Manual ?-M-5-297 of the 

United States Government gives an idea of the relative performances 

of the percussion and rotary rigs. 



'A 

Relative Drilling Performance 
Type of formation 

Rotary Drill. 	Percussion Drill. 
.. ____ ~YFYM _YIIV~ 

Dune Sand 	Rapid 	Difficult to impossible. 

Loose Sand and Gravel 	Rapid 	Difficult to impossible. 

Quik Sand 	Rapid 	Difficult to impoesible 
except in thin stratas 

Clay and Silt 	 Rapid 	Slow 

Firm shale 	 Rapid 	Rapid 

Sticky Shale 	Rapid 	Slow 

Brittle Shale 	Rapid 	Rapid 

Sand Stone-Well Cemented 	Slow 	Slow 

Sand Stone poorly cemented Slow 	Slow 

Lime-Stone 	Rapid 	Rapid 

Lime Stone with snail 
cracks or fractures 	Slow 	Rapid 

Dolomite 	Same as lime stone. Same as Lime Stone. 

Basalt, thin layers in 
sedimentary rocks 	slow 	Rapid 

Basalt thick layers 	Slow 	Slow 

R Granite 	Slow 	Slow. 
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