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FOREWORD
By
A.M.R. Montagu
I.S.E, C.1E.,, MICE., ACGL.I

Chief Enginer, Irrigation works, Punjab.

I look upon it as a great privilege to write the foreword to Mr. Sharma’s comprehensive
work on Irrigation. I have known Mr. Sharma and his work for a number of years and have
always been impressed by his keen intcrest in the physical foundation of irrigation practice.
But he does not confine himself merely to principles of hydraulics involved in the art and practice
of irrigation. He has made a prolonged study of all matters that can be said to touch upon
irrigation in general. Even the revenue side has received his careful and zealous attention.

In many respects, Punjab irrigation leads the world. Without irrigation, the Punjab
would still consist of a few strips of land contiguous to the rivers, upon which the anxious
cultivator would sow a crop uncertain whether or not it would reach maturity. Today, by
virtue of its canal systems, the Punjab is the granary of India. Valuable crops are now grown
in areas which were originally arid waste whereon nothing was found but thorn and the camel
which throve upon it. During the last few years, no less than 14 million acres of crops have been
matured by irrigation water from the fifteen separate canal system of the province.

The actual distribution of the available water between the canal systems has necessitated
the construction of feeder canals which convey surplus waters of one river to a river in deficit.
Distribution among the individual channels of a canal system is a relatively simple matter. Far
more difficult is the distribution among the individual cultivators. In the Punjab, the greatest
attention is concentrated upon this distribution. Where this distribution is faulty, cultivators
promptly bring facts to notice. The individual irrigation officer is concerned not only with
distribution by existing known methods, but in many cases utilizes his scanty leisure in endeavours

to secure fresh forms of outlets which will still further improve and stabilize the distribution to
the cultivator’s watercourses.

Among these energetic and enquiring gentlemen, Mr. Sharma occupies a high place.
His work on outlets is well known. His activities in other directions have not perhaps received
all the attention they deserve. This book is a compendium of all knowledge available to him
on the subject and will unquestionably prove of the greatest value not only to the practising
Irrigation Enginear but also to the student who is preparing himself to serve in that great service,
the Irrigation Branch of the Public Works Department, Punjab.

It is but natural that many of the views put forward by the author are coloured by his
Punjab experience. Readers foregin to the Punjab may conclude that undue weight is laid upon
the Punjab practice and Punjab views. The answer to any such implied criticism lies in the fact
that the Punjab is very confident of its capacity to design, construct and administer irrigation
systems of the largest size. In many ways, such as distribution of water already mentioned, the
design of major works on the shifting sands of rivers, the economical design and maintenance
of relatively minor stauctures, the Punjab Engineer may justifiably hold that he is to the fore front
of modren practice and knowledge. In other directions, the Punjab Engineer is first to
recognize that he can learn not only from other countries of the world, but also from other
provinces in India. It is probable that the construction of high dams will soon occupy the
attention of the Punjab. Experience in this field is negligible and we turn to other countries,
notably the United States of America for instruction and guidance in this field. The Punjab is

behind other countries in the use of machinery, but it is probable that post war developments will
impose an advance in this direction also.
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In many ways, the advance of knowledge in our relatively restricted ficld is phenomenal.
* example, in the matter of pumping water from the sub-soil water resevoir by means of tube-
Is, it is possible that the practice described in Mr. Sharma’s book may have advanced by the
¢ these volumes are in the hands of the public, but for many years to come the student of
gation engineering may turn with confidence to these pages for a useful and comprehensive
de to irrigation practice, with special reference to the Punjab.

Lahore,
15th January 1945. A.M.R. Montagu.



PREFACE TO Ist EDITION

' The science of Irrigation Engineering in India has developed by leaps and bounds during
the last two decades. The Irrigation Works of India especially of the Punjab, occupy a
prominent place in the world, both from the point of view of the academic interest as a scisnce
and of the successful results of large irrigation engineering projects. (Since the epic books
‘Irrigation Work’ by Bligh, 1907, and Irrigation Pocket Book, by Buckley, 1911, were written,
the development of the Science in India is conficnd to the technical papers contributed by the
eminent Engineers available in the Proceedings of the various Engineering Societies, such as the
Punjab Engineering Congress, Lahore, the Institution of Engineers India, Central Board of
Irrigation, Bombay Engineering Congress, the Departmentat Technical Papcrs of P.W.D. Punjab
and Bombay and the Research Publications of the Punjab Irrigation Institute and Central Hydro-
Dynamical Research station Poona, Bombay)

The purpose of this book is to present the science and the practice of Irrigation
Engineering in a concise form comprising practically all the mcdern developments. The book
is essentially meant to be used as a Text Book for the students preparing for the Engineering
Degree Examinations of the various universities in India and other competitive examinations
cf the Central Government. Selected examination questions usually set in Degree Examinations
of the varions universities in India are given at the end of each Chapter. Some examples of the
typical designs of Irrigation Works have been worked out for the guidance of the students. Since
Irrigation Engineering (distinct from Hydraulics) is not a Subject taught in the British or other
European universities, no text books dealing with the subject are available. This bcok is intended
therefore to meet a long standing need of the student community in India.

The book also deals with the actual practice of science in the field and its meant to
be used asa reference book. 1 have, therefore, attempted to cover the requirements of the
students in the examination questions (covering the syllabus of the various universities in India
and the competitive examination of the Fedral Public Services Commission;. In the Chapters
which are considered beyond the scope of the students no questions are given at the end.

The subject of Irrigation Engineering has developed mathematically so much that it
goes beyond the capacity of an average student or a practical Engineer tocram up all the
formulae. In an accompanying volume III, the diagrames generally used in irrigation practice are
given which can be used by the students and practical Engineers for solving the problems
relating to the design of Irrigation Works.

The book is devided into six parts and forty four chapters. The first part, compnsing
two chapters deals with Lift Irrigation the second comprising 20 chapter deals with Flow
Irrigation, the third comprising six chapters deals with Tank Irrigation, the fourth comprising
four chapters deals with Drainage Engineering, the fifth comprising six chapters deals with Ground
Water Engineering (water-logging) and the last part camprising six chapters deals with general
information usually required in engineering practice. The fourth and fifth parts cofiprise the
subject which is usually defined as Hydrology in American practice.

Obviously the whole of such a comprehensive book cannot be original. Detailed
references to the publications consulted have been mentiond in the text. The list of authors is so
large that it is not possible to acknowledge gratefully the help and the use of their work by
naming them individually. Similarly the refences to the proceedings of various Engineering
Societies, referred to in the text are gratefully acknowledged.

The help rendered in compiling, editing and improving this book by the following
Irrigation Engineers of the Punjab is thankfully acknowledged : (1) Rai Bahadur B. N. Singh
I.S. E, retired Chief Enginecr, Punjab Irrigation. (2) Rai Bahadur D. K. Khanna I.S. E.
Superintending Engineer (now Chief Engineer Irrigation Works). (3) Rai Bahadur B. L. Uppal
L. 8. E., retired Superintending Engineer, Punjab Irrigation. (4) Rai Bahadur Kanwar Sain L.S.E.,
Superintending Engineer (5) Rai Bahadur B. K. Kapur, Director Irrigation Rescarch, Lahore.
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(6' Rai Bahadur Hakim Rai, .S.E., Superintending Engineer (7) Jatinder Singh, Assistant Engincer
and (8) K.S. Pathak, Assistant Engineer.

The author is extremely grateful to the Honourable Minister of Public Works Depart-
ment (now premier of the Punjab) Malik Khizar Hayat Khan Tiwana and the Honourable Member
of Revenue in charge of Irrigation Department, the late Sardar Bahadur Sir Sundar Singh
Majithia, for selecting the author to do spade-work of Civil Engineer teaching in the Punjab as
the first professor and the head of the Civil Engineering Department at the Maclagan Engineering
College, Lahore. The author availed of this opportunity to study the, subject as a whole and to
compile his lectures in the form of this Book. He is also grateful for the encouragement
received from the Honorable Minister of Revenue, Rao Bahadur Chaudhri Sir Chhotu Ram.

The author’s thanks are also due to A. M. R. Montagu Esquire. C. L. E. Chief
Engineer, Irrigation, for the trouble of going through the whole Book and then writing the
foreword extremely useful and valuable suggestions to improve the Book were kindly supplied
by him.

Last but not the least, the Author is specialy indebted to E.S. Crump, [.S.E. ; C.LE.

Retired Superintending Engineer under whose guidance, the author carried out experimental
research work for more than § years.

Amritsar.
27th May 1944, : K.R. Sharma

Preface to 2nd Edition.

Part IIT of this book dealing with the Storages and Dams (Tank Irrigation) has been
revised and enlarged. It comprises now of six chapters instead of four in.the 1st edition.

Design diagrams are bound in volume III. These are intended to be used by the students
in the class room and could be issued to the students in the Examination Hall for the solution
of the problems dealing with practical designs.

The help rendered by Dr. J.K. Malohtra, mathematical officer Irrigation Research
Institute East Punjab in editing the 2nd edtion of this book is gratefully acknowledged.

Amritsar.
1st. Decemper, 1948. K.R. SHARMA

Preface to 3rd Edition

According to the requirements of the times, Part III, Volume II of this book, deeling
with the Storages and Dams (Tank Irrigation), has been thoroughly revised and improved.
Examination questions have been made up-to-date. They appear at the end of each chapter.

The help rendered by Shri K S. Pathak. Executive Engineer, Irrigation and Shri R.C.

Sharma, Executive Engineer, Buildings and Roads, in the revision and improvement of this
edition is gratefully acknowledged.

Jullundur City PUBLISHERS
15th October, 1959



- NOTATIONS USED IN THE BOOK
(A) Hydraulics.

~ Steady flow is that state of flow in a stream where the discharge across any defined
section of the stream remains constant in respect of time.

' Uniform flow. Uniform flow is steady flow in a stream when the depth does not vary
with constant discharge.

Non uniform flow. When depth varies in steady flow in a stream with constant dis-
charge, it is non-uniform flow.

Normal flow. Is that state of steady flow of a stream, where the fall of water surface
corresponds to the consumption of energy by friction. It is stable. The principal symbols are
subscribed with the letter ‘n’ to indicate this condition. (This is also called Neutral flow).

Regime flow. Is that state of stream, flowing in self borne alluvium, where there is

neither silt nor scour. Regime flow also postulates normal flow as a preliminary condition. The
principal symbols are subscribed with the letter ‘r’ to indicate this condition.

Critical flow. When water flows according to Bernouli’s Theorem there is a particular
condition of the flow, which is of special interest and is known as the critical condition of flow.
This coudition of flow is more simply called Critical flow. The depth and velocity are also
called critical. Mathematically it is defined to be the condition of the flow when the change of
velocity head is just sufficient to produce the change in elevation of the water surface. It has
certain properties for which the student should refer to Part VI Chapter IV paragraph 4. The
principal symbols are subscribed with letter ‘c’ to indicate the condition.

Constants.

Arbitrary or experimental co-efficients.

Lacey’s “silt factor”.

The gravity constant.

Theoretical constant in the ““free fall”’ discharge formula ; K =1/g (§)*'? = 3-0888.
The co-efficient of rugosity of a channel.

Lacey’s co-efficient of Roughness in a channel.

The weight of 1 cubic ft. of water=62'5 lbs.
Total weight.

scharges.

The discharge in cubic feet per second (cusecs) of a channel or work.
The discharge in cusecs per foot width of a channel or work.
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The rotal energy expressed in feet head of water above a fixed datum. When
plotted, this depicts the “total energy line”’.

The ‘energy of flow’ expressed in feet head of water above the bed. When the
total energy line has been plotted the “energy of flow”” is depicted by the intercept

between the bed line and the total energy line. (In hydraulic books. the term
specific energy of flow is used instead).

Energy of flow in critical conditions of flow. v
The head or energy required to produce a valocity, h= 2%

Depth on crest including velocity of approach head=G+h,.
Afflux head

The head or energy equivalent to a velocity of approach V,.

The available working head, s. ¢. the difference in total energy levels between two
sections.

The minimum working head required between two points.

e}

m
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(vi)

H, The head lost between two points, due to all causes except destruction ina
standing wave.
HL The head or energy destroyed in a Hydraulic jump.

(Please substitute He for H, where it has been used for the Head or Energy destroyed in a
Hydraulic jump.) :
Velocities. .

The mean velocity in feet per second of a stream at any section.
The mean *‘velocity of approach”

The mean velocity of normal (Neutral) flow corresponding to D,.
The mean velocity of regime flow corresponding to D,.

The velocity of flow, at a section with critical flow.

Kennedy’s standard silt-charge velocity. V,=0'84 D%,
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=critical velocity ratio (Kennedy’s)
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The length of a channel or work measured along the line parallel to the direction
of flow between two points,

The length of parallel sides of the throat of a weir, flume, etc. .
The length of a channel bed transverse to the direction of flow. 7.e., the width.
The width of the throat of a weir, flume etc.

The depth below the surface of a stream bed at a stated point.

The normal depth of a stream corresponding to V,,.

The regime depth of a stream corresponding to V,.

Critical depth corresponding to V..

The cross sectional area of a stream at a stated point.

The wetted perimeter of a channel.

The top or surface width of stream.
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The hydraulic mean depth of a stream= 3 -
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cellaneous.
The actual slope of the total energy line at any given point.
The actual slope of the water surface at any given point.
The actual slope of the bed of a channel at any given point.
The slope of the total energy line in the case of normal flow.
The slope of the total energy line in the case of regime flow.
Co-efficient of friction.
The side of a trapezoidal channel.
The gauge reading. Zero of gauge must be specified.
The total pressure on a cross section of a stream.
The intensity of pressure at a stated point.
The instantaneous radius of curvature at a point in general, and for thin
streams............of the bed ; exactly.....,.........the mean radius of curvature of

of all the filaments in a stream.
(B) Hydrology.
Areas in square miles :—

g

X
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A Total area of a catchment.

A, Effective area of a catchment.

A, That area for which dispersion is unity or that area which can be wholly covered
by a storm with unvariable intensity of storm.

A, Area covered by a particular storm.

A, Area between two isohyetals.

A, Area of influence assigned to a rain gauge station.
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Rainfall or precipitation in inches :—
Meam annual total rainfall over a catchment,
Total annual rainfall over a catchment for any year.
Total monthly rainfall over a catchment for any month.
Total rainfall during an interval ‘t’.
Total rainfa]l of a particular storm as recorded at a rain-gauge.
Mean annual precipitation between two isohyetals.

Run-off ( for volumetric studies) in inches : —
Mean annual total run-off from a catchment.
Total annual run off from a catchment for any year.
Total monthly run-off from a catchment for any month.
Total run-off of a particular storm.

Discharge for (intensity studies) in cusecs :—
Maximum discharge from a catchment.
Maximum discharge from a catchment on account of a particular storm.
Maximum discharge from a catchment A,.
Discharge per square mile of catchment.
Time in hours ;—
Inlet time.
An interval of time.
Duration of storm.

Temperature in degrees (Fahrenheit) :—
Temperature in degrees Fahrenheit.
Mean annual temperature over a catchment.
Mean monthly temperature over a catchment.

Miscellaneous : —

Distance in feet of watershed from the stream along the line of flow.
Absorption into the soil in inches of depth per hour.

Evaporation in inches of depth per hour.

Total loss in inches per hour=E+B.

Intensity of rainfall.

Maximum intensity of rainfall.

Maximum slope of catchment from watershed to the drainage.

Reduction in inches due to rain initially held by trees, crops and undergrowth.

To determine mean annual rainfall of a catchment ; —
Exmapels.

(a) Isohyetal method :—
P ZPp Ay _ ZP, A,
T ZA, A
(b) Weightage method :—
Extra notation,
Precipitaion at_any rain gauge station.

paﬁl,’a'ﬁa.=ﬂﬁ_ﬁz_

T A,

(c¢) The straight average method (for a large plain area)
p— AP+AP+ . . . . : A, P.

A +A+ . . . . . A,



( viss)

Note :—The total area is divided into n sub-divisions, A, A,............c.oeeo A, and

| R P, represent the average rainfall for each sub-division.

m

Run-off formulae (volume)
(@)” Vermeule formula ;—=RP—(11+0-29P)(0350 —0°65)

() Khosla’s formula :—R=P ——g +C

Extra notation o o . o
C=A constant which allows for catchment characteristics humidity, glacier contribution
etc., but not for absorption, evaporation and transpiration covcred by the tempratuse

[’
factor >

Maximum discharge from a catchment (intensily) :—
(a) Inglis formula :—

__7000A
=Tata
Q=7000y/A—240(A—100) for an elongoted catchment
() Khungar and Gulhati’s formula : —

Q=645A, x .Zz'a'f:_-_f ( - 2:' )m

Index of dispersion.

for fan-shaped catchments, and

Z..» Maximum height of a theortical hydrograph for a rainfall of maximum possible intensity

in the catchment.

(€) Flow of water through sub-soil under weirs and dams.

H

® *o«"pc);v -]

e o0 =

Symbols

" Head in feet or difference in water levels upstream and downstream of a work (Percola-
tion head).
Pressure head in feet in a pressure observation pipe measured above the downstream
water level.
Pressure head at point C.
Gradient, or rate of change of head.
Exit gradient.
Temprature in degrees Fahrenheit.
Density of fluid.

*00003716

Viseosity = 1201435t + 000682 €

Kinematic viscosity= -f-;

The discharge in cusecs of a channel or work.
The discharge in cusecs per foot of width of a channel or work.

Pressure head expressed as a percentage of the total head——:--%- x 100.

Determination of exit gradient : —

(a) Floor with pile at dawnstream end :—
Extra notation.
Depth of pile line below floor surface.
length of impervious floor.



(ix)

=
S d
= Lhvira
2
. . H 1
=Exit gradxent-‘-a- X - rVA

(5)  Floor with pile at downstram end with step : —

Depth of pile line below upstream impervious floor.
Depth of pile line below downstream pervious floor.
Length of impervious floor upstream.

=, };);—/’)‘ —= X, KK— : where K is given by the equation.
1~ -
V1 —-K% -1 = _7f.d2 -
R Cos 'K = dy—d;

Pressures at different points on  pile line or depressed floor :—

Depth of pile line below usptream floor.

Depth of pile line below downstream floor.
Length of impervious floor upstream.

Length of impervious floor downstream.

bl +b4

¢ at junction of upstream floor and pile line.

¢ at bottom of pile line.

¢ at junction of downstream floor and pile line.

Mutual interference of piles :— .

d,  di+d;

vb b

the correction to be applied as percentage of head.
the distance between the two piles.

C=19

the depth of line whose influence has to be determind on the neighbouring pile of

depth d,
depth of pile on which the effect of pile d, is sought t ined.
total floor length. P ? it 10 be detecmined
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(D) Dimensional Formulae.

Common Dimensional formula
Name of quantity, Symbol. English in terms of mass,
Unit length and time.
1 2 3 4
Geometrical gquantities.
Length (any linear dimension) L
Depth . . D
Head H
Diameter . d} ft. L
Radius . r|
Hydraulic mean depth R
Wetted Perimeter P, )
Area A (ft.) L?
Volume . . A\ (ft.)? L
Kinematical quantities.
Time . . . T second T
Angular velocity ) Radians/Sec. 1T
Angular acceleration « Radians/Sec.? 1T
Velocity . v ft./sec. L/T
Acceleration due to gravnty g ft./sec.? L/T?
Lacey’s silt factor . . f, ft./sec.? LT
Kinematic velocity . v=—"—:’ ft.%/sec. LYT
Discharge . Q ft.3/sec. LYT
Dynamical quntitxes.
Mass M Mass M
Surface tension v . /ft. M/T?
Viscosity . B 1b. x sec./ft.? M/LT
Pressure (unit stress) . P
Modulus of elasticity . e b./ft.3 M/LT?
Shearing modules . . €
Density P Mass/ft.3 M/L3
Momentum m Mass x ft./sec. ML/T
Force . . F
Weight W) U ML/T?
Torque P,
Energy . E ft. x b, ML3YT?
Work . E,
(E) Greek Alphabets.
a Alpha A Lambada v Upsilon
B Beta p Meu ¢ Xi
Y Gamma v Neu n Eta
8 Delta o Omicron { Zeta
e Epsilon n Pi X Chi(ki)
® Theta p Rho © Omega
s lota Z (o) Sigma ¢ Phi
T Tau ¢y Psi

% Kappa
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11.
12

13.
14,

1S.
16.

18.
19.

20.
21.

22.
23.

24,
25.

Author’s Other Technical Papes.

Underpinning Satghara Rest House, L.J. C. Paper No. 143, Punjab Engineering
Congress, 1931.

Remodelling of Mithalak Distributary, Paper No. 154, Punjab Engineering Congress, 1932.

Effect of outlets on the Regime of a channel. “Indian Engineering’ Calcutta October
and November 1932.

Silt conduction by Irrigation Outlets. Paper No. 168, Punjab Engineering Congress, 1933.
Design of an A.P.M. Paper No. 176, Punjab Engineering Congress, 1934. )

Design of irrigation channels. Paper read in “Institution of Engineers India” in 1935
and copies placed in the Punjab Irrigation Libraries received vide Superitending Engineer
U.J.C. No. 962 dated 28th July 1937.

§i91§6selective Distributary Head Regulators. Paper No. 189, Punjab Engineering Congress
Design of R.C. Extensible Bridges for Drains, August 1936, printed copies placed in the
Punjab Irrigation Libraries vide Chief Engineer’s No. 386, dated 29th January 1937.
Standing wave or Hydraulic Jump, ““Indian Engineering Calcutta’ October 1936.
1]);;e6rmination of water profiles over Hydraulic Works. Indian Engineering, Calcutta

li‘l;ggriments in Seepage Losses from canals Paper No. 209 Punjab Engineering Congress,

?;;gmatic Silt extractors without loss of water. Indian Engineering, Calcutta, February
Cross Drainage Work (Auto-Suction Weirs) Indian Engineering, Calcutta. February 1938.
Improved adjustable proportional moudles and open flume outlets. Punjab Engineering
Congress 1940.

Model Experiments to determine suitable length of skimming platforms on models of

the Head Regulator at Rasul, Punjab Engincers’ journal, May 1939, Lahore. )
Theory and physics of seepage flow from canals. Paper No. 231 Punjab Enginecring

Congress, 1940.
Use of Portable Flumes for water coutse discharge Measurements. February 1940 Punjab

Engineers’ Journal, Lahore.

Minimum Modular Head (M.M.H.) for an Adjustable Proportional Module, January 1940
Punjab Engineers’ Joural, Lahore.

Experiments to determine “True Basic Sub-soil Pressure at R. D. 299,000 U. C. C.
(W.LR. Bib 16).

Meter experiments to determine Losses in Mangtanwala Feeder (W.L.R. Bib 5).

Tank Experiments to determine laws of seepage losses at R. D. 348,000 U. C. C.
(W.LR. Bib 7).

Determination of Seepage Losses in U.J.C. from Rashidpur to Shadiwala from meter
discharges, (W.L.R. Bib 14).

Through experiments to determine Seepage Losses by Point Method in UJ.C. (W.LR.
Bib 44).

Sub-soil conditions in adjoining fields of Thur and cultivation.

Determination of losses in Lower Chenab Canal by taking Seepage Discharge Observation
in a closure (W.LR. Bib 21).
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26. Determination of losses in Upper Chenab Canal by taking Seepage Discharge Observations

in closure. (W.LR. Bib 21)

27. B.S.P. Experiments at Khanki to determine B. S.P. contours in a complicated case of
sources and sink to determine True Soil Pressure in River, (W.L.R. Bib 17).

28. Report on Seepage Losses of U. C. C. & L. C. C. (years calculated and actual compared by
months). (W.L.R. Bib 3).

29. “Hump” Investigations under canal.

30. Point Method Apparatus and its use on L.C.C. Distys : to determine their losses.

31. Plotting and analysis of 39 Daily B.S.P. Stations (W.L.R. Bib 43).

32. Plotting and analysis of B.S.P. Pipes along canals calculations of losses by using
observed S.1.C. (W.LR. Bib 18),

33. Capillary fringe and soil evaporation studies with Hydrodynamic Soil Pressure Observations
(W.LR. Bib 42).
(a) Containing foreward by Mr. Blanch.

(b) Definitions.

(c) Note dated 5-6-39, 15-12-39 on Hydrodynamic Soil Pressure observation at
Lahore.

(d) Note dated 8-6-39 an *‘Experiments at R.D. 180,000 L. C. C. to measure evaporation
from the bed of a pit.

(¢) Note dated 15-9-39 on “Capillary fringe and Rise of water level in Bore Holes at
R.D. 180,000 L.C.C.”

(f) Note dated 20-9-39 on ‘Soil Pressure Observations to determine evaporation
gradient by Progressing Lowering of bed of pit at R. D. 180,000 L.C.C.

() Note dated 16-11-39 on “Hydrodynamic Soil Pressure Observations and Capillary
Fringe studies at R.D. 150 000 L.C.C.

() Note dated 25-2-40 on Hydrodynamic Soil Pressure observations and capillary
fringe studies opposite R.D. 46,000 Chichokimallian Distributary”.

(5) Note dated 2-1-40 on ~“Technique of Hydrodynamic Soil Pressure observations below
the effective saturation line.”

(7) Note dated 25-3-40 on “Capillary Fringe studies at Hudiara Nala.”
(k) Note dated 26-3-40 on ‘‘Hydrodynamic Soil Pressure observations at Shcikhupura site.
34, “Division of the Punjab” by an engineer, June 1947.
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Acrial View of Punjnad Head Works. Fig. 3 (j), Page 119.
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IRRIGATION ENGINEERING
Auiroduction

PRRIGATION is the art and practice of causing water to flow and spread over land with the
IF' object of nourshing the growth of plants. Plants may be agricultural crops, fruit trees in
% gardens, or trees in forest. From the point of view of art, it is a branch of Engineering and
from that of actual practice it is one of Agriculture.

Plants require for their growth proper weather conditions of heat, light and moisture. In
irrigating countrics situated chiefly in tropical and sub-tropical regions, the first two are abundant
and do not need to be supplemented.  The last named is frequently deficient there and is the only
one which can be supplied artificially on a large scale, and this is done by irrigation. In hot
climates, even when the total rainfall is abundant, irrigation is required for certain crops such as rice
on account of the uncertainty of rainfall and the need of constant supply of water. In countries
with scanty rainfall, irrization is an absolute necessity for the growth of agricultural crops and for
producing water supplies for other necessities of life such as water for drinking and domestic
purposes. Irrigation supplements rainfall to procure, all amenities of life to the human beings.

Irrigation may be natural or artificial. Natural irrigation occurs where rain falls, or where
a river floods over the lands in its vicinity known as ““Sailab” in Hindustani. Sometimes both of
these natural systems of irrigation are controlled by the construction of suitable bunds around
fields to retain rain water and by making embankments along rivers to regulate rivers spills.

Artificial irrigation is the artificial application of water to lands for agricultural purposes.
The science of artificial irrigation may take any of the following forms and may involve the cons-
truction and maintenance of works pertaining to them :—

(¢) LIFT IRRIGATION- Water is lifted from open wells, tube-wells, natural drains or
canals and used for irrigation.

()) CANAL IRRIGATION—Artificial channels taking off from the rivers are cons-
tructed. Water is then used for irrigation by flow from the distributing channels
through outlets. In the case of permanent canals the river at the canal off-take is
controlled by constructing Head Works. In the case of inundation canals there are
no permanent Head Works.

(¢) TANK IRRIGATION - Dams are constructed at suitable sites in the hills, where
rainfall is abundant, for storage of water in reservoirs and then water is lct off from
them in channels which are used for irrigation of crops in the plains.

(d) DRAINAGE ENGINEERING-—Drainage Engineering includes Hydrology and deals
with the science of measuring and analysing the flow of precipitation of water (rain-
fall) evaporation and analogous phenomenan to provide the correct basis for estima-
tion of the supplies available for irrigation purposes from the natural drains such as
rivers. This further deals with the artificial channels known as surface drains or sub-
surface drains, which are designed and constructed to drain off surplus rain water.
The water from such drains is sometimes used for irrigation purposes, by lift
irrigation,
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(¢) GROUND WATER ENGINEERING—This deals with the science of water occuring
below the surface of the earth, its distribution and movement. This further deals
with the dynamics of water-table movements as influenced by rainfall, irrigation and
other factors. Water percolates to the underground reservoir from the canals, from
other subsidiary irrigation channels, and from the irrigation fields. Irrigation results
in excessive additions of water to the water-table which gradually rises under ground.
The lands are said to be waterlogged when water-table rises so near the natural
surface as to diminish the produce of the crops. The works required to reduce and
prevent waterlogging, necessarly pertain to that branch of engineering which deals
with irrigation.

The object of this book is essentially to deal with artificial irrigation involving works of
the five types as enumerated above. This book deals with the technique of the construction and
maintenance of works relating to all of these five branches of irrigation engineering with a view to
equip the student with sufficient practical and theoretical aspect of the problems relating to them.
A large number of solved examples of the design of irrigation works are given.  Selected examina-
tion questions are given at the end of chapters, important for the students preparing for the
Degree Examinations of the various Engineering Universities in India.

Italy may well be considered as the parent country in the science of distribution of water.
It was the first country to take up large schemes involving large irrigation works. The Italian
storage reservoirs and aqeducts have served as a guide to irrigation engineers in other countries.
Indian Irrigation no doubt followed the foot steps of Italian practice. The first large canal was
constructed more than a century ago in the United Provinces in India. The Ganges Canal is still a
great engineering success, and was followed by large canals in the Punjab. The Punjab canals are
rst-class examples of the development of the science of irrigation engineering. The revenue
rcturn from the Punjab canals is the highest and the efficiency of their working surpasses all
irrigation works in the world. It is a well known fact that the Egyptian irrigation system is founded
on the Indian system. The science of Irrigation Engineering independently developed at great
strides in the United States of America. Large irrigation schemes both in the forins of tank and
canal irrigation have been successfully constructed there. The American practice undoubtedly now
leads the world in the technique of the design and construction of high dams.



PART 1

LIFT IRRIGATION

CHAPTER1

Irrigation From Open Wells
1. Definition.

Wells are merely holes in the ground to tap the underground water. They may be
entirely unprotected, partially protected or entirely protected by mzans of lining of brick masonary.
They are called open wells as distinguished from the tube-wells.

2. Source of Water Supply.

The source of water supply for open wells is the sheet of water found under the ground.
This underground reservoir of water commonly called the water-table is fed by rainfall which,
soaked into the soil, permeates under the ground. Water is held there by the presence of the
impervious stratum below this shect of water. The retentive substratum is nothing but the

consolidated sodium clay hardened by the heat in the interior of the earth globe which increases
towards the centre.

The laws relating to the flow of the sub soil ground water are dealt with at length in part
V of this volume. There is only slight lateral flow in the sub soil reservoir towards the main
drainages, i. e., rivers; and as the country slopes from the foot of hills to the confluence of the
rivers, the main underground flow occurs along the slope of the country.
The underground water is available in three forms :—
(«) Rock hollows.
(b) Artesian basins.
(¢) Ground reservoir

Rock hollows filled with water are found in the hills, they are generally small and cannot
be used for irrigation. The artesian basins are found near the foot of the hills. The rainfall
permeating in the hills reappears on the natural surface on account of the high pressure gradient
and the presence of the impervious soil consisting of coarse sand and gravel available near the
foot of the hills. In some cases artesian wells and springs can be used for irrigation. Some
springs found in the Himalayas have great medicinal value on account of the dissolved salts in
water. In the plains, the ground reservoir is the chief source of water supply. Wells are dug
down into the water bearing strata and water is lifted and used for irrigation.

3. Location of Well.

I = M swrrac Suitable site for an irrigation well is that where a well can
R SRihane be founded in clay strata (called mota or kar) below sub soil
waters level and the clay strata can be pierced to ensure
permanent supply as shown in Fig. 1. In a sandy soil, a bigger
well will be required for the same discharge to ensure no
disturbance of the soil behind the lining or steining of a well,
as the rate of supply depends on the velocity and the area of
percolation. The soil movement is governed by the critical or
optimum velocity of percolation.

4. Discharge of Irrigation Wells.

An irrigation well should be sunk about 20 to 25 feet
PR ks below the spring level so that in years of draught there is a

: margin of about 10 feet leaving about 10 to 15 feet infilteration
Fig. 1. head.
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The average discharge from an irrigation well, water being lifted by Persian Wheels, has
been found to be 0137 cusec (page 253 Farm Accounts 1933-34 Punjab). The discharge is more
than this in the case of mot or charus. The discharge requirement of a well is never going to be

more than 0°15 cusec. .
The discharge formula to estimate the discharge from an open well may bz used in the
following form : — -
Q=14 o AH where Q=Discharge in cusecs.

A= Area of the well in sq. ft.
H = Infilteration Head or Depression Head (Percolation Head)

o =Percolation intensity co-efficient in cusecs per unit area
Bl per unit head.

The constant § represents ratio of the actual area A’ of
the safe cavity formed to the arca A of the wellas shown in
Fig. 2. The usual value of o for the Punjab soil of the
water bearing strata is “75x 104 which gives a corresponding
value of the Transmission constant of about -00023 in the
Darcy formula of viscous flow through the soil.

EXAMPLE. _
N e Find the diameter of a well to give a discharge of
4 0°15 cs. with an infilteration head of 120 feet.

Fig. 2.

'Let percolation intensity co-efficient per sq. foot="75x 10-4
Let the diameter of the weli=d feet.

2
Area of the well=% sq. ft.
-~ 2
Q=1'330x 0 AH= 1'330x 75 x 10-+ x‘;g-mz:-ns cusec

o= 1163

S, d=128say 13 ft.

For an average sand of 16/1000 inch average diameter in the Punjab, the optimum vclocity
of *005 ft.-Sec. has been found to move the finest soil particles in the experiments carried out
in the Irrigation Research Institute, Lahore (vide page 228, Paper No. 248 Punjab Engineering
Congress).

The actual velocity of flow in the above quoted cxamplc:-—-g = T = 0009
41
1:33 % T x 132

ft./Sec. which allows approximately a factor of safety of 5. A factor of safety of at least 3 should
always be allowed to provide for the years of draught when the well has to be worked under the
worst conditions.

5+ Suitability of well water for crops.

All sub soil waters are not suitable for irrigation purposes. Water of the well should be
tested to examine the amount of salt contained in solution. The irrigation Research Institate,
Lahore has developed a technique in evolving an expression to which the name of Salt Index
is given. This is a measure of the quality of irrigation water in relation to the soils. The
scdium salts present in the irrigation water cause base reaction to take place in the soil with
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its consequent deterioration. If calcium salts are present in the irrigation water, the reaction is
opposed and delayed some what.

Salt Index=(Total Na-—24'5)—(Total Ca—Ca in CaCO,) 4'85. When the expression is
negative, the water is suitable for irrigation of the crops, and when positive it is unsuitable.
The brackish water as found in the Western Punjab is unsuitable for irrigation, while the sweet
water of the Jullundur, Hoshiarpur, Amritsar, Gurdaspur and Sialkot districts is very good for
irrigation,

6. Classes of wells.
(a) Impervious lined wells.

These are the only types of wells used for irrigation purposes. They are usually of type
shown in Fig. 2. The design and the process of sinking such wells is described in detail
in the subsequent paragraphs. When the bottom of the well is in sandy soil, it is usual to
provide inverted filters at its bottom so that a dangerous cavity is not formed during the years of
draught. The inverted filter simply consists of a layer of coarse sand at the bottom, a layer of
fine gravel in the middle and a layer of bajri of about §” to §" size at the top. These layers
arc about one foot thick each.

(b) Pervious lined Wells.

A hole is dug in the ground to the water-table and dry brick or stone lining is then laid
on a well curb up to a height of 8 or 10 feet. The soil inside is scooped and well can be sunk
easily 8 to 10 feet below the spring level. While sinking is done, the sand will no doubt flow out
from the joints. This will be very much reduced, if brick ballast of size 3" to 1”'is filled around
the lining, so that it may sink along side the lining. Such wells are economical in the case of
small depths. And when the discharge required is not much, water percolates from the sides
also. They are quite successful when the arrangement for lifting water is Rat: or Denkls.

(c) Kacha Wells.

This supposes that clay stratum is available from the natural surface down to a few fect
below the spring level and that the soil is strong enough to stand without the help of the lining.
Such wells are used for low lifts up to 10 to 12 ft. by means of Rati or Denkli.

7. Lined or Pacca Wells.

All open wells used for irrigation are circular. The thickness of the lining or steining
is usually 2 bricks .., 1'5ft. for depths up to 40 or 50 ft. For depths up to one hundred
fect, the thickness of lining should be 2} bricks, 7. e., 1'9 ft. Open wells for depths exceeding
100 ft. are never built, because lifting of water becomes very uneconomical. The lining is built
in lime mortar of proportion 1:2 (one lime and 2 swrkhi or sand) or cement mortar of
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proportion one cement and 4 sand. When a large number of wells are required to be built,
it is advisable to get special bricks burnt which conform to the circular shape of the well.
Ordinary flat bricks need a lot of labour to dress them to the circular shape, and also
require an excessive quantity of mortar to fill the joints. When special bricks are used, 25 cft.
mortar will do for 100 cft. masonry, but for the ordinary bricks 33 cft. will be needed.
The lining is built ona well curb. The well curb may be of wood, iron or reinforced
concrete. Sections of suitable designs for wooden and iron well curbs are sketched in
Fig. 3a, 3b.

The wooden well curb is made of hard wood as Ktkar, Shisham or Sal. The iron curb
is made of 6 to 8 triangular frames of angle iron covered by §" to §” plate all round. There are
usually 6 or 8 tie rodsof §* to }" diameter. The load of lining on the curb is shown in
Fig. 3(c).

The well curb is a continuous bent beam in between the tie rods supporting the
triangular wedge of masonry of isosceles shape with angle 45° when the masonry is in cement
mortar, and with angle 60° when the masonry isin mud or lime mortar. The lengths of the
rods should be at least double the height of the weight triangle of masonry. The tie rods are
anchored at the top in a circular plate iron " to " thick and about 6" wide.

The section of the wooden well curb can be designed according to the formula : —
2 o _ 51
M= d__ or di=M2y2 where d dcpth. in inches o
2v 2 M=bending moment in inch tons.

It is supposed in deriving this formula that

the safe tensile stress in wood is 3 ton/sq. inch and that the section is
triangular with top width 12° R. C. section of a curb can easily be calculated
considering it to be a beam of triangular section carrying a wedge load in between the
rods as shown in Fig. 3. (c).

8. Construction and sinking of wells.

(a) A circular pit is dug in the ground up to the water-table or up to the bottom of
the clay strata, which ever is higher. The pit should be sufficient in circumference
to allow a space of at least 2 ft. around the lining. In clay the sides of the pit
can usually stand vertical.

(5) The well curb is laid when soft soil or water-table is reached.

(¢) Masonry of the required thickness is, then, built on the well curb to a height of
about 8 to 10 ft. above the ground level.

(d) Then a temporary platform is made on the top of lining to support the weight of
gunny bags filled with earth to facilitate its sinking. The load is placed on the
outer sides of the platform leaving a clear space in the middle sufficient for lifting
the material dug by means of a pulley arrangement laid over the platform.

(¢) The soil within and below the curb is gradually scooped by means of Kassies to
fill a big bucket which is pulled out by the pulley arrangement. The loaded curb
thus sinks gradually.

(f) It is necessary 1o see that the curb with lining sinks vertically. To watch this
4 plumb lines are hung at equal intervals on the outer circumference of the
steining. If the steining gets out of plumb, the workmen are instructed to cut
the obstruction under the curb on the side which lags behind in sinking.
The odstruction may be in the form of roots of a tree or pieces of stone.
If there is no such obstruction, it is then a case of the unequal soil friction against
the lining. The weights on the platform are then shifted to the side which is
sinking slowly. If unequal loading cannot cope with unequal skin friction, then
the soil behind the lining should be wetted by using water jet under pressure.

(¢) The di%ﬁing of the inside soil by men is usually possible up to five or six feet
_below e spring level by continuously bailing out water. When the ingress of
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water is more than the removal, then digging by means of kassies cannot proceed.
Further digging is done by a jham which is a large kassi. A diver dives and fills
the jham with soil, which is lifted by the pulley arrangement. This is no doubt a
slow process. Wells have heen successfully sunk from 20 to 25 ft. below the
spring level by this method. The modern dredgers like the bull’s dredger clench
the soil by weight of the blades and when the chains are pulled, the blades
automatically close with the soil filled in the dredger. The digging of soil under
water is very much faciltitated by this method.

(k) When the curb with steining has thus been sunk to the required level, the space
around the lining is filled with good clay earth consolidating it by ramming and
watering in successive layers of about a foot depth.

(/) Finally the top parapets are built on the top of the steining to suit the water lifting
arrangement which is usually a Persian Wheel.

9. Methods of Raising Water.
The following water lifts are more or less in general use in India : —

1. Rati or pulley block arrangement for small garden plots.
9. Denkli or lever for small gardens and vegetable plots.

3. Charus or mot or leather bag for agricultural crops.

4. Persian Wheel for agricultural crops.

These arrangements are shown in Fig. 4 (a to d).

LiFy IRRiGATION ~ THE CURGS
Fig. 4 c.
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Fig. 4d.

In very few cases, the water lifting arrangements have been modernised in the form of
chain pumps, ordinary suction pumps worked by bullocks, and modern pumps worked by the
electric motors or the oil engines. The efficiency of different water lifting arrangements was tested
in experiments by Captain Clibborn given in Roorkee Treatise on Irrigation Works Vol: 1,
reproduced below :—

No. Class of lift Lift in fect Labour Foot tons per hour
per head

1 Rati 17 Man 32-26

2 Denkli 154 . . 2199

3 Chain Pump 150 . 30-55

4 Charus 320 Cattle 588

5 Persian Wheel 300 " £7:1

A ton of water raised one foot ton.
10. Duty of well water.

The duty of a well cannot be defined in terms of acres per cusec discharge because there
is no fixed and continuous discharge.

Area to which a well gives protection in the case of draught is defined as the duty of the
well. It is thus the average area irrigated from a well per annum.

The experiments carried out in the United Provinces by Mr. Anthony gave the following

figures :—
No. Class of lift Lift Duty in acres per annum
I Charus with cattle 25 3l -
2. Charus with men 28 276
3. Denkli 15 91
' 4. Rati 18 -8

This is a very poor show, butin the Punjab, the usual duty of a well worked by charus
or Persian Wheel is 25 to 30 acres. Usually there are three sharcholders having an area of
eight to ten acres each. The higher duty for the Punjab wells is due to the following causes ;: —

(+) In the Punjab the wells are generally fitted with Persian wheels which are suitable for

lifts of 20" to S0'.

(it) The cattle and men in the Punjab are hardy and, therefore, capable of putting in

strenuous effort. .
(#77) Holdings is the Punjab are small and, therefore, water is used economically.

11. Delta of Well Irrigation.

Delta is defined to be depth of water required in fect to mature a crop. The usual depth
of first watering form a well is three inches in a ploughed field and the subsequent waterings are
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of 2" depth each. The average depth of watering from statement No. 1. Farm Account 1933-
34. Punjab Agriculture Publication No. 46, works out to be 193 ft. or 233 inches. Probable
deltas for various crops in the Central Punjab with average rainfall of 20" per annum (15" in
monsoon months of July and August) is given in the table below from personal observations :—

No. Crop No. of waterings. Delta in feet.
1 Wheat 4 *80 o
2. Cotton 5to6 1-0
3. Vegetables 6 12
4. Potatoes 8 16
5. Fodder crops Chari,
Maize and Senji 3 -6
6. Shaftal Berseem 6 i 1-2
7. Sugarcane 8to 10 1-8
8. Maize 5to 6 1-0

A comparison eof well delta with the canal irrigation figures in Part II Chapter II will
show that about § water is used in well irrigation as compared with canal irrigation. The yield
of crops from well irrigation is usually somewhat better than that from canal irrigated crops on
account of timely waterings and better manuring facilities.

The reasons for low delta in the case of well irrigation are :—

(‘) The cultivator is aware of cost and the labour employed by him to lift water and,
therefore, he uses it very economically by resorting to small A:aress in his fields.

(ii) Well water-courses are usually well maintained and there is no wastage from
« breaches and overflows.

(iii) Well water-courses are always kept clear of all jungle and grass and are often well
consolidated and plastered with mud to reduce absorption losses.

(iv) Water is lifted according to the requirements of crops at the will of the zamindar,
He has not to wait for his turn as in the case of canal irrigation.

12, Cost of well Irrigation.

The cost of well irrigation from Persian wheel is worked out on page 253, Farm Account
1933-34 Publication No. 46 of the Punjab Agriculture Department.

Cost of well Rs. 774/
Area cropped 174 acres
Average number of irrigators 4
Time taken to irrigate one acre 2'84 days
COST PER ACRE

Rs. a. p.
Overhead charges .. 11130
Bullock labour ..11 40
Manual labour .. 11120

Total Rs. ... 34 13 O per acre.

Cost excluding manual labour==Rs. 23/1 say Rs. 23/

The manual labour does not cost a cultivator anything as he or his children usuvally
supply the requisite labour. The overhead charges for the cost of a well etc., are also very
excessive. Bullocks will also be used for ploughing and cartage and other miscellaneous work.
The well irrigation is definitely many times more expensive than the canal irrigation.

The Irrigation Research Institute, Lahore, has also worked out the expenditure and
income of one family in Jullundur District possessing ten acres of land on a well with one third
share in the well. The gross receipts in a year work out to Rs. 741/- while his actual expenditure
is Rs. 383;- for paying land revenue, casual labour, bullocks, share of well and Persian Wheel, seed
and kamin and miscellaneous expenditure. His net income is about Rs. 358/- per annum.
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13. Well Irrigation Versus Canal Irrigation.

Well irrigation has got a definite advantage over canal irrigation, because a cultivator
can raise water when it pleases and suits him.

In certain tracts, well water is more beneficial to the crops as in the Bist Doab in the
Punjab.

The well irrigation should be encouraged parallel to the canal irrigation as it is an
effective anti-waterlogging measure and serves to keep the water-table low. Well irrigated tracts
should be debarred from canal irrigation when new irrigation is extended to the tract, so that wells
may not become extinct. Canal water should be given to about 50% intensity of the irrigable
area so that the well irrigation should also develop.

The canal irrigation in the Punjab has a definite advantage over the well irrigation in the

manuring value of the canal water carrying fine silt and clay in suspension. All canals take off
from alluvial rivers.

14. Examination Questions.

1. (a) Define duty of a well,

(b) What factors govern the delta irrigation from open wells ?

(c) Why is delta for open well irrigation the lowest as compared to the delta for tube-well or canal
irrigation ? (P U. 1947)

Describe the various appliances used in the Punjab for lifting water from open wells and which is

the best in your openion ?

How will you classify the soil in the Punjab with respects to the clay contents ? Mention the crops

which will flourish in each type of the soil.

Describe the process of sinking an open well and the precautions that you will take so that the

steining of the well does not get out of plump while sinking.

(a) How would you judge the suitability of well water for agricultural purposes ?

(6) What do you understand by (i) Salt Index (i7) Salinity of water ?

(a) What is the average discharge from an open well in the Punjab ?

() How much below the water-table, an open well meant for irrigation should be sunk in the
Punjab conditions ?

(¢) What factors determine the diameter of an open well meant for irrigation ?
7. What are the different types of wells used for irrigation and what are the average discharges for
each type used. Why is delta for well irrigation lower than for canal irrigation.

» M

> o o»

.

(PU. 1954)
8. Define “Duty”, Explain “Base of Duty”. How can “duty’’ under an existing system of irrigation
be improved ? (P.U. 1949)

9. What 1s a suitable site for location of a well ? Find the diameter of an open well located in Punjab
to give a discharge of 0-18 cusec with an infilteration head of 15ft. Co-efficient of permeability
*75 x 10-4 fr. per second. Explain circumstances under which a well settles down or is liable to crack.
What is the approximate factor of safety against settlement in the above example ? (P.U. 1958)



PART I
LIFT IRRIGATION

CHAPTER II

Tube-Well Irrigation
1. Tube-Wells.

Open wells are only suitatable for small discharges ug to 0°15 cusec. It is not economical
to lift a small supply by means of mechani¢al appliances c motors or oil engins.

Tube-wells, therefore replace the open wells in the case of large irrigation schemes. A tube-well
is simply a pipe sunk into the ground fitted at bottom with a filter usualy called a strajner.
Strainers from 100" to 150" length are located in the water bearing strata. An average discharge
from a tube-well used for irrigation is about 1'5 cusecs. The under ground reservior is the source
of water supply as in the case of the open wel—~—""

2. Water-Bearing and Non-Water-Bearing Formations.

Beds of sand and gravel —Beds of sand and gravel are very porous, as much as 30 per
cent to 40 per cent of the volume of some being open space ; so that saturated layers of sand and
gravel penetrated by wells yield copious supplies. In general water from sands and gravels
in the sub-soil gets filtered naturally and is pure. The sand and gravel strata in the indo-Gangetic
plain are the chief sources of tube-well water in North India. In some cases we get dry granite
sand under pressure but without water. This sand contains no clay and when a tube-wel bore
reaches to this stratum the loose sand rushes inside the bore. In such a case an inexperienced
borer is likely to be misled by the coarseness of the sand and may think that he has tapped a
water-bearing sand ; but he should be very careful to examine the nature of such strata, and a
bailer test star will quickly show whether the sand stratum is aquiferous or not.

Pure cluy.—Pure clay is nearly impervious to water. Water is sometimes reported in
clay but as a rule it comes from more or less sandy layers within a clay bed. In some places,
sand that approaches clay in fineness and is mistaken for clay yields much water. Clay is however of
great importance as a confining layer to porous sand. When it is neccessary to obtain water from
a clayey stratum, through open wells, they should be as large as practicable and deep enough to
provide ample storage, as clay yields only a small quantity of water and that too very slowly.

Till.—Till 1s a heterogenous mixture of clay, sand, gravel and boulders. In texture it
ranges from very pervious to impervious varieties according to the predominance of sand or clay.
In few places is it definitely bedded. Water generally occurs in it in minute, more or less tubular
channels but occasionally is distributed through interstratified sandy beds. In finer, more loamy
phases, the supply is not abundant, but coarser portions furnish water more plentifully. In the
aggregate “‘till” yields a large quantity of water, and where sufficiently thick, forms a convenient
and accessible source but because so irregularly disposed, the success of wells varies greatly.
“Till” is widely distributed in the underground strata in Baroda State. )

Sand-stone,—Sand-stone is, of solid rocks, the best water-bearer. Water from sand-stone
is of better average quality than that from any other material except sand and gravel. In Baro8a
State porbus sand-stone in thin layers is occasionally met with but the quantity of water in it is
small. :

. . of
Conglomerate.—Conglomerate is a mass of sand, gravel, etc., embedded in a matrix
finer material. Conglomerate may yield some water if it contains a large proportion of pérou

sand, but its absorptive capacity is not so great as that of sand-stone. It is widely distributed in
thin layers in Baroda State.
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Quartzite :—Quartzite is a metamorphosed sand-stone, the space between grains being
filled with hard siliceous matter. Because of this filling of pores, there is little chance for water to
get stored in such strata.

Shale :—Shale is a kind of clayey stone splitting readily into thin plates. This is a poor
water-bearer, but may yield some from bedding joint or cleavage planes, and other crevices.

Lime-stone :—In lime-stone water occurs mainly in channals and caverns formed by
solvent action along joint or bedding planes. These are very irrigularly distributed and location
can seldom be determined by examining the surface. The water in lime-stone beds is hard.

Granite and gneiss :—Granite and gneiss are of dense compositions and have very small
pore spaces and so are not water-bearers.

. Trap:—Trap is impervious rock but water gets collected in it through fissures and is
held in these or in the crevices of the stratified trap. We get water in trap if there are fissures
in it. This is found in Amreli Baroda and Navsari Divisions of Baroda State.

3. Object of Tube-Well Irrigation.
The object of installing tube-wells is likely to be three fold in the Punjab : —

(a) All available supplies of the Punjab rivers have already been tapped by the existing
canal system as limited by river the discharges at the time of sowing of rab¢ and
kharif crops. There are still large tracts of land in the Punjab where irrigation water
is badly needed. The canal supplies can no doubt be supplemented by resorting to
tank irrigation as dealt in Part 1II, but ground water is an other valuable and readily
availalbe source of water supply which can be, easily tapped to increase the irrigated
areas in the Punjab.

(b) The tube-well irrigation can readily supply the load necessary for the full development
of the Mandi Hydro-Electric Scheme which has already been exccuted but has not
yet developed its full load.

(c) In the waterlogged areas in the Punjab, the resort to the new tube-well irrigation or
the replacement of the canal irrigation will relieve waterlogging trouble to a great
extent and will also reduce the expences on the anti-waterlogging measures.

4. History of the Development of the Technique.

No large scale schemes for tube-well irrigation have so for been carried out in the Punjab
Some of the attempts made in the Punjab and the United Provinces are given below.

(a) Amritsar scheme of 1910. ‘
It was intended to lower the water-table near Amritsar. This led to the introduction
of Ashford strainer and the Washable Leggett strainer. The scheme failed and was
closed in 1936, because the discharges of the wells fell down, and because they were
too few to have any effect on the water-table.

(5) Mr. T. A. Brownlie, tke Agricultural Engineer to the Government of the Punjab
devised strainers knows as “Gonvoluted” and *“‘Compslip,” the latter is supposed
to remove the trouble of clogging for ever.

(¢) Qadian Irrigation Scheme of 1934 of Mr. P. D. Tandan.
Three tube-wells were sunk and one of which failed subsequently, but two of them
are doing successful irrigation with the promised discharge.

(d) Karol Area Tube-Well Project.
The scheme was prepared by Mr. A. M. R. Montagu and executed by Messrs.
H. L. Vadhera and A. R, Talwar. The results have been published in paper No.
248, Punjab Engineering Congress 1941. The scheme consists of 31 tube-wells to
irrigate finally 17389 acres. 20 tube-wells are at presnt installed and are working.
1t is very successfull so far.

(¢) Ganges Canal Hydro-Electric Scheme was conceived and carried out by Sir William
Stampe K. C. I. E., Chief Engineer, United Provinces, India. The energy has been
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developed from the low head falls on the Ganges Canal. The complete scheme
envisages the generation of 30,000 Kilowatts of which more than 24,000 are from
canal falls. The bulk of the power is used to energise 1500 state operated tube-
wells with an average discharge of 1'5 causes each. It is meant to irrigate 1300
square miles area. Tube-wells are expected to run for about 3000 hours per
annum. This scheme has proved a financial success and the returns are very
promising. This is the biggest undertaking in India for Irrigation from tube-wells.

5. Boring of tube-wells (An extract is given from Bib. 28).
Choice of site for boring.

(A) Water divining.— Considerable difficulty often arises in determining a suitable site
for a boring. But for locating springs or flowing water near the surface there are often other
indications which may prove valuable.

Water divining has recently received much attention and there is abundant proof available
to show that the art of ““dowsing™ is a fairly reliable means of detecting the presence of flowing
water near ground level. Many theories have been formulated to explain the phenomenon but
no proof is yet available. (Bib. 1.)

There are indications which may lead to the discovery of springs or water near ground
level, in cases where nothing would appear, to those unaccustomed to observations of natural
phenomena, to induce a belief in their existence. The following are some of the simplest. (Bib. 1.)

In the early part of the year, if the grass assumes a brighter colour in one particular part
of a field than-in the remainder, or, when the latter is ploughed, if a part is darker (or damper)
than the rest, it may be suspected that water will be found beneath it.

In summer, the gnats hover in a column, and remain always at a certain height above
the ground over the spots where springs are concealed. In all seasons of the year, more dense
vapours arise from those portions of the earth’s surface which, owing to the presence of sub-
terranean springs are more damp especially in the morning or in the evening.

In selecting sites for wells to tap the upper layer of sub-soil water it is also necessary to
study the plant life in the locality. It is common knowledge that certain trees thrive well where the
sub-soil water is more plentiful or nearer to ground level.

These rules apply generally to springs near the surface. Where the source is lower these
arc rarely sufficient. 1t is claimed that with the aid of a ‘‘divining rod” or electrical instruments
springs several hundered feet below ground level can be located fairly accurately. For further
information on this subject a reference may be made to “The Physics of the Divining Rod,” by
Maby and Franklin, published by Bell and Sons Ltd., London, S. W. 2. But experience with
these instruments has not been very encouraging and the only safe guide for correctly determining
deep sub-soil aquifers is a trial boring.

(B) Boring for Wells. - The diameter of boring tubes is measured on the outside as
against ordinary pipes which are measured on the inside, because in the former case we are
concerned with the size of the bore made. This point should be taken note of when ordering
boring tubes from foreign countries. In practice both the methods of measurement are being
used by the borers almost indiscriminately ; and in India generally inside diameter is measured,
for the sizes of boring tools strainers, pipes, etc., have to be adapted to the inside diameter of the
boring tubes. A safe course is to mention the outside diameter as also the thickness of the boring
tubes when placing an order for these.

Another point, about which there is a good deal of confusion is regarding the nomenclature
of casing pipes, blind pipes, blank pipes, plain pipes, solid pipes, etc., and these words are used
indiscriminately and in different senses by different borers.

The generally accepted practice which is adopted in this book is as below.

All pipes and tubes used for boring have been described as ‘‘boring pipes” and

“boring tubes,’’ or ‘‘casing pipes” and ‘‘casing tubes.” . ) )
All pipes used for the tube-well itself (whether between strainer as ina strainer -well
or in continuation with a slotted or perforated pipe as in the case of slotted tube-wells and
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perforated pipe wells, or in cavity wells where “boring pipes™ are not used) are described as
*“plain pipes” or merely as “‘tubes.”

The small length of plain pipe (generally 4 to 5 feet) used at the bottom end of a
strainsr or slotted tube-well and having a cap or bail-plug fixed to it is described as
**blind pipe.”

In the case of compound wells the larger diameter plain pipe on top, in which the
bore-hole pump bowls are housed is sometimes described as “‘housing pipe.”

The use of the words ‘‘blank pipes’” and ‘‘solid pipes” has been done away with as it
is confusing.

Though boring requires skill and care, yetin principle it is extremely simple. The
operation consists, as its name implies, in boring a hole of a diameter varying according to
circumstances, and in a vertical direction. Many systems have been and are now followed in
carrying out this kind of work.

"~ (C) Boring System. — Boring system may be
divided into three main classes, viz., percussion 8onrlo1HREADS TO &N INCH
boring, by which a hole is made into the ground by
reducing ths strata to powder, water jet boring which
mikes a bore by washing out the strata, and rotary
boring by which a hole is drilled into the strata and ,
a solid core obtained. The percussion system is ALK

suitable for ordinary sand or gravel stratlz:, while hard So. r )
tenacious clay is better penetrated with a water-jet
plant and the rotary system of boring with core drills 80oRIOTHREADS ro AN INCH

is adapted in the case of firm and hard strata. The ey v
driven tube is the simplest form of bore hole. This "
method is rarely employed for larger wells.

(¢) (a) Percussion rope boring.—The old =::,—_¢=-—-"5
system of well boring is the original Chinese rop?
boring system which is described in the beginning o
this book and is of great antiquity. The present 8ORIOTHREADS 70 AN INCH

method of rope bor.ng is described below : |
A pit is dug at the site where boring is to be

done, about 6 to 8 feet in diameter and about 15 to

20 feet in depth, and the boring tube is lowered into |

it with a cutter shoe fitted to the bottom of it. These
cutter shoes can be slip-shoes” or ‘‘screw-shoes’ Fe YSH JOINT
and are of slightly bigger diameter than the boring
tube itself so that they may provide a clear passage
for boring tubes as they are sunk. These shoes are
made of tempered steel Fig. 1.

The slip shoe as its name implies is slipped
on to the boring tube when strating boring and left
at the bottom of the bore when the tube is with-
‘@sawn. The slip-shoe is of a larger diameter than
”g:e sqrew—s:ple for tg'e isame diameter of tgbe. (’il‘his

oe is useful in stiff clay, rock soil etc., and for deep
bores as it clears a slightly larger hole than the screw- SCRL’ W SHo,
shoe and thus the friction on the outer surface of the Fig. 1.
boring tube is reduced both in sinking and in withdrawal for the clearance created by the larger
shoe remains open to some extent while the tube is being withdrawn. On the ,other hand the
screw-shoe is screwed to the bottom end on the bore tube and comes out with the tube when it is
withdrawn. In this case as the screw-shoe has to be withdrawn with the boring tube there is no
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extra clearance left while withdrawing. Therefore a screw-shoe is chiefly used for sandy soils.

. Screw-shoes are generally good for the average size tube-wells in India and with experience
this practice has been established here. There should be female threads to the shoes to receive
the screwed end of the boring tube which should fit in butt to butt with the shoe. In the case of
very deep borings, or borings in clayey strata, the bore is started with a larger diameter boring
tube and carried down till the friction on its outer surface makes it difficult to carry on the boring
any further without damage to the tubes. A slightly smaller size boring tube is then lowered
inside the larger size tube. The boring is next continued with the smaller size tuvbe which is free
from any frictional resistance to the bottom of the larger size tube. If necessary a still smaller
size of boring tube is lowered inside the inner tube when the friction on the latter also becomes
excessive after carrying on the boring lower down. Thus the diameter of the bore-hole is
successively reduced as the conditions demand. Al the tubes should however extend right up to
ground level or above the bed level of the pit in which the bore is made, so that they may all be
extracted with jacks when required.

This system of lowering boring tubes one inside the other to distribute and overcome
frictional resistance in the sub-soil strata is known as *‘telescopic boring.” Care has to be taken
to select the size of the various boring tubes in such a way that the inside diameter of the inner-
most tube, reaching the bottom of the bore, is sufficiently large to allow the lowering of tube-well
pipes and strainers inside the finished bore.

The boring tubes are steel tubes with the following types of joints :—
(1) Flush joints.

(2) Swelled and cressed joints.

(3) Socketed joints.

) These are shown in Fig. 1. The flush joint is the best for ease in lowering and
withdrawal but these tubes have to be thicker than socketed pipes or swelled and cressed pipes to
have sufficient strength at the joints.

After being lowered in the pit as described above, the boring tubes are clamped in
position with wooden clamps, and partly filled with water. Water is necessary for boring
operations and must be poured from the top of casing pipe until water is struck in the bore-hole
itself. The actual boring is done with a tool known as a “sludger” or ‘sand pump”. This
implement is a steel pipe of about 1/4” thickness, varying in length and diameter according to the
size of well to be bored. It is about 2" less in diameter than the casing pipe and its length
varies from 8 feet to 12 feet for borings from 8 inches to 16 inches in diameter. A cutting shoe
of “*hard steel”” or tungsten steel, is riveted to the sand sludger atits lower end. The cutting
shoe is tapered out slightly at the bottom to give it a clearance in cutting the material
at the bottom of the bore. A flap or ball valve is fitted inside the sludger pipe just above the
cutting shoe.

The sludger is suspended by a wire rope froma pully on a tripod. The legs of the
tripod are to be buried about two feet under ground to prevent their sliping or tilting. The leg
opposite the carb winch has to be securely buried and anchored so that the tripod will not turn
over when subject to a pull from the winch. The sludger comes centrally over the boring tube
and can work smoothly inside it. When the sludger is worked vertically up and down by
manual labour, or an engine with cranking arrangement, etc., a circular motion is also
automatically imparted to it by the torsion in the wire rope. On the downward stroke of the
sludger the flap valve is forced open and the loose material pounded at the bottom of the bore-
hole enters into the sludger pipe. As the up-stroke begins the flap valve closes thus retaining
the loose material inside the sludger pipe. At the same time the up-stroke creates a momentary
vaccum at the bottom of the bore as the sand sludger is lifted upwards. Owing to this vaccum
or suction the pounded loose material in the bore is sucked up and gets better mixed with the
water at the bottom of the bore. The loose material thus pulled up and remaining suspended in
the water enters into the sludger pump on the next downward stroke of the sludger and is retained
by the valve: At the end of the downward stroke the cutting shoe cuts some more of the material
at the bottom of the bore which is pulled up and enters the sludger in subsequent storkes. After
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about 30 to 40 strokes the sludger is taken out and the loose material retained inside it is empticd
cut. This material is carefully examined as it is a sample of the stratum at the bottom of the boring
where the sludger has been working at that time. A change in the charcteristics of this material
is an indication that the stratum is changing and a careful record of the nature and depth of these
strata is kept. The samples of the excavated matcrial are also preserved.

The boring tube is clamped with sleepers at some convenient point above ground level and
over the clamps a platform is mide which can be loaded with sufficient weight to over-
come the surface adhesion on the boring pipe and force it down as the sludger excavates a hole
below it. Thus boring progresses and one casing pipe after another is serewed on and lowered
till the required depth of bore is reached.

(b)) Ancher-bolt method of loading boring pipes.—A convenient and more efficient
method of applying load to the boring pipes is the *“Anchor-bolt>> method.

The anchor-bolts consist of two mild steet rods 1} inches or more in diameter and about
16 feet in length. Both these rods are threaded with square tarcads for about 2} feet length at
one end and about 1 foot at the other end. If these rods arc not available in one length two rods
8 feet in length, each may be used to form one anchor bolt by coupling the two pieces together
tightly with a solid coupling. To each of these rods, on the end having threads for about one
foot length only, are bolted together two rail pieces, R. S. Joists or channels about 6’ x 4" in
section and about 4 feet in length to form the anchor. For this purpose holes about 1} inches
in diameter are drilled in the centres of thesc picces and the anchor bolts are passed through these
and the two pieces bolted to the rod.

A pit about 5 feet in diameter and 7 feet in depth is dug at the site where a boring is to
be made, and the boring pipe with the cutting shoe at its bottom end is placed vertically in the
centre of this pit. The two anchor-bolts with the channel anchors fitted at their bottom ends are
placed on efither side of the boring pipe and kept about 4 inches away from it. The channel
anchors are placed in a cross form. The pit is then filled with earth and well rammed taking care
that the boring pipe and the anchor-bolts remain in their correct positon.

~ A wooden clamp is made from two pieces of sleepers 10" x 10" by S feet long. Each of
these two sleepers has a semicircular hole in the centre so that when clamped tozcther they form
a circular hole slightly larger in diameter than the outside diameter of the boring pipes. On
either side of this hole and about 4” away from it the clamp has two smaller holes about 1} inches
in diameter into which the anchor-bolts are loosly fitted. These two wooden sleepers are clamped
together with four mild steel bolts 1} inches diameter and obout 2} feet long.

This loose clamp is fitted across the boring pipe and the top of the anchor bolts and the
two halves are clamped together with the four-tightening bolts described above. The loose clamp
is held in position and prevented from moving up or slipping down by nuts and washers screwed
into the top threads of the anchor-bolts on both sides of clamp.

A second wooden clamp similar to the loose clamp described abové but with the central
hole tightly fitting to the outside of the boring pip:z is also required. When clamped together its
central hole must grip the boring pipe tightly. It is fixed to the boring pipe below loose clamp
at such a point that the vertical distance between the two clamps is just sufficicnt to put in two
jacks with their caps fully screwed in. On top of these caps iron'plates are placed to act as
bearing surfaces when the jacks are worked.

This second clamp is fixed to the boring pipe as describzd above and the jacks (20 to
40 tons capacity each) are put in position. The sludger pump is now worked and the jacks are
put into operation by unscrewing them, This exerts a pressure on the loose clamp. But as it
czn not move up the pressure reacts on the bottom tight clamp itself. The bottom clamp is thus
pushed down and drags the boring pipe with it. When the jacks have completed their travel they
are screwed in and taken out, and the verticility of the boring pipe chacked and set right if
necessary. The tight clamp is loosened and raised up, and again fixed below the top loose clamp
at a point just low enough to accommodete the screwed-in jacks. The process is repeated till the
boring pipe is driven in. Both the clamps are then taken out and a new boring pipe screwed to
the bottom pipe and the operations repeated till the required depth of boring is reached.
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Another convenient method of applying load to the boring-tube is to use a weighting
frame made up of duplicate R.S. Joists assembled around the tube and resting on the ground.
A pair of winches are bolted to the joists of the weighting frame and a pair of pulley sheaves to
a clamp fastened on the boring-tube at convenient point above ground level. A $” diameter rope
with one end tied to the weighting frame passes over these pulleys and is wound over the winch
drums. As the winches are operated the load of the weighting frame and winches comes on to
the clamp on the casing pipe which is thus pulled down and enters the bore made by the sludger.
But the weighting frame is sufficiently loaded so that it is never lifted off the ground and always
rests on it. Thus there is no risk of its slipping down and injuring the workmen operating it.
This arrangement is also used for extracting boring tubes. For this purpose the clamp with
pulley sheaves is fastened to the boring tube a little below ground level. The rest of the operation
remains the same as before and the tube gets pulled up.

The pipe with the weight on it, supported over a clamped platform, is, at times, rotated
with manual labour to help its sinking down. In this case it is necessary to watch the movement
of the pipe going into the bore. If the pipe goes in all of a sudden, s.e., if it slips, it will take
along with it the surrounding earth which will jam the pipe, and it will be difficult to move it either

up or down. Hence it is necessary that the pipe should be held back with a rope and a crab
and only allowed to go in slowly.

A careful record of the boring progress and the strata samples met with as also of the
morning and evening spring water levels inside the bore is to be maintained. When a hard
stratum is met with, the sludger is replaced with different tools such as chisels, underreamers,
auger, spring rimor, etc., to pierce through it. ‘

(c) “Morning”, “Evening” and “Working” water level. (Indications they give
with a “bailor-test’’ regarding the water contents of a stratum.) '

The excavated material coming to the surface with the sludger will indicate what type of
stratum is being passed through at the bottom of the bore. The existence of water-bearing strata
is indicated by the presence of fine, medium or coarse sand, gravel, boulder, or round-edged
kankar etc. While clayey strata are generally non-water bearing. An indication of the pressure
at which water is flowing in a particular stratum is given by the level to which water rises in the
boring-tube when it is passing through total stratum. It is clear that when the bore passes through
a non-water bearing stratum the water level inside the boring-tube will be very low for there is no
water coming into it from the non-water bearing stratum at the bottom of the bore. But as soon
as a water bearing stratum, is reached water will rush into the tube, The pressure of water in the
water bearing stratum as indicated by the level to which water rises in th: borin3-tube should be
carefully observed both in the morning, beforc starting work and also during the progress
of the work in the day time. The former gives the static pressure of water in the bore provided
no boring has been done at night and the water has had time to attain its natural level, and the
latter indicates the working pressure. The working pressure is generally lower than the static
pressure, for as the sludger is taken out to the surface to empty it of the excavated material some
of the water also comes with it and thus throughout the day water is being bailed out from the
bore. Hence the working and evening water levels are effected by this contniuous bailing out of
water. The working water level also gives an indication of the flow of water in the stratum. and
if it is not appreciably lower than the static water level it may be safely assumed that the flow of
water in the stratum is satisfactory and that it will give a good yield. A record of morning water
levels observed before starting work and of evening water levels taken after stopping work should
be carefully maintained. Asa matter of fact it is desirable to conduct a ‘bailer test” as each
individual water-bearing stratum is met with while boring, so that some information regarding the
probable yield from the stratum may be had by observing the difference between the static water
level and the lowered water level in the stratum after a “bailer test™.

In carrying out this test the sludger with its flap valve is used as a bucket to bail out
water. If the level of water inside the tube-well remains st;ady even after bailing. out water, for
say a couple of hours (approximately 80 bails of 6" to 8" diameter and 8 feet height in the case
of 8" to 10" diameter borings), the stratum may be considered satisfactory for location of strainers,
or for further development and gauging in the case of a cavity well. :
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(:{) Rod boring. Another system of boring is the rod boring system. This is similar
to rope boring except that rods extend from ground level to the boring tool instead of a rope.
The rod boring system is used for very deep borings or borings in very hard strata. The rods
are of ash wood with the metal male and female screws spliced on to their ends, or steel rods
with screws (in length from 3 feet to 20 feet and from 1 inch to 3 inches thick). Boring-rigs are
constructed either of wood or wrought iron tubes, with a head-pulley-block over which a wire
rope is passed to suport the boring rods and tools. The other end of the rope passes to the wind-
lass in the hand-power-rigs or to the winch or winding drum in a steam driven plant.

In ord:r to obviate the jarring effect of the great length of rods, particularly in very deep
borings, a trip link is introduced 20 to 30 feet above the tool as it is dangerous to exercise a
percussive action of such power which will expose the lower rods, to the danger of breaking.
The method usually adopted is to employ a form of sliding joint, on one of the rods, 20 or 30
feet above the tool. This is based on an invention of Oeuyenhausen. It consists of a slide joint
of two parts which are able to slide upon one another for a distance of about one foot and so
arranged that during the descent one becomes detached from the other. The upper part is
balanced by a counter-weight suspended to a lever, and the lower one only allowed to act by
percussion. Certain adaptations of this joint in the form of jar-bars and other sliding joints are
now generally used.

Square rods with taper joints are sometimes used for shallow borings. In this method
earth auger, cross chisels, flat chisels, bull-nose auger, etc., are used as boring tools. The square
rods are rotated with drill, and the auger is allowed to penetrate in the earth about one foot and
then withdrawn. The earth is removed from the auger and the clear tool is again inserted into
the bore. The above process is repeated till the boring is made to the required depth. In
Gujrat bores up to 150 feet are sunk with this method and with manual labour. For shallow
borings this method is generally more expeditious than rope-boring.

(55t) Boring by Hydralic Wash or Water-Jet-boring. At places where sufficient
water is available for working a water-jet plant, the hydraulic washing system is a very convenient
method of boring through hard and tenactious soluble clays in which progress of boring with
ordinary percussion boring sets would be very slow. Hollow boring rods or pipes, with a swivel-
head at the top and connected to a chisel at their bottom end, are used and a rotary motion is given
to these by rotating the water-tubes from ground level. A slow rotary motion is given to
the boring-pipes also to expedite their sinking. For 8 to 12 inchs diameter borings going to depths
of 3 to 4 hundred feet, ordinary W.I. pipes about 4 inches in diameter are used as hallow boring
rods. These are suspended from a pulley in the derrick of the boring ring with an adjustable
length of wire rope, and pass inside the boring-tube. At its bottom end the water-tube is fitted
with a chisel having two nozzle orifices, one on either side of the chisel. The nozzles are kept at
about 9’ above the bottom of the bore. A suitable connetion with an electric or oil-engine
power pump is made (at the upper end of the pipe) by means of a flaxible hose pipe, and water
is pumped into the tube. The capacity of the pump should not ordinarily be less than 15,060
gallons per hour and it should be capable of working up to heads of 200 feet. The water which
is pumped through the tube to the bottom of the bore-hole shoots out through the nozzles and
rises in the annular space between the water-tube and the casing pipe carrying with it any
comminuted material and overflows into the settling tanks at ground level. The velocity of water
in this annular space should be sufficient to carry ‘all the comminuted material with it. This
velocity can be regulated by controlling the discharge from the pump. After settlement and
clarification in the settling tanks this water can be used again for boring purposes.

_Although this method has proved efficient it is not very widely used owing to the difficulty
of obtaining sufficient water to ensure a constant supply at full pressure at the bottom of the
bore. Where it can be used there is a great economy in time as the tool needs to be raised less
frequently. In addition a clean working face for the chisel is maintained at the bottom of the
bore-hole. Care should, however, be taken to record changes in strata very vigilantly when
working with this method.

. As recording of morning, evening and working water levels would not be practicable with
water-jet boring, a combination of water-jet boring and rope boring methods has been adopted in
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many cases.- The boring is started with the the water-jet system, but as soon as a water-bearing
stratum is reached the water-jet plant is put aside and the rope boring system is adopted. This
enables accurate records of the various water levels to be kept as also of the depth and sample
of the stratum. When the water-bearing stratum has been crossed the rope boring plant is removed

and the water-jet plant is used again. A combination of these two methods gives expeditous results
and incorporates the advantages of both the systems.

(v) Rotary Boring. The rotary system was originally devised to drill wells through
unconsolidated rock, such as beds of clay, sand, etc. ~Where the material to be drilled through is
soft, the rotary system is used to far greater advantage than the standard percussion system.

Here speed is a great factor, as much as 1,000 feet having been drilled by this system in 24
hours (Bib. 3).

.. The practical operation consists of rapidily rotating a column of pipe, at the lower end of
which is a cutting bit. In the bit are holes through which water, with clay in suspension, is sent
under pressure. The fluid mixes with the cuttings and carries them up to the surface in the
annular space between the drill pipe and the bore hole. The clay that is held in suspension in
the water “‘muds up” the walls of the hole, prevents caving, and causes the pipe to turn more
rapidly as there is practically no friction between the boring pipe and the sides of the bore hole.

The muddy fluid, because of its greater density, also brings to the surface cuttings which could not
be lifted by water alone.

A derrick like that of the standard rigs is used, but machinery and tools are unlike those
of a percussion outfit. A pump with proper pipe connections is provided for feeding a constant
stream of the mud flush to the tools when drilling. Usually a second pump is kept ready for use
as a stand by. Thin mud or slush plays an important part in drilling. A slush pit, an essential
accessory is usually dug near the derrick about 40 feet long, 15 feet wide, and 3 to 4 feet deep. A
ditch where sand may settle out of the mud is cut from the well circuitously to the slush pit from
which hose or pipes lead to the pumps.

A machine called the rotary, is used for rotary boring. This rotates the drill pipes and
at the same time permits their being lowered in the bore as required. The chief parts of a rotary
are a rigid base and a turn-table rotated by a system of gears actuated by means of a chain drive
sprocked. The drill pipe is hcld by a cable, which passes over the crown pulley attached to the
boring rig and around the drum shaft of the draw works. This drill pipe is clamped by a block
to the turn-table and forced to rotate with it. Modern rotaries are more elaborate and are fited
with double turn-tablcs, special clamps drive rings, etc., having interchangeable bushings for
holding casing and turning drill pipe.

A constant stream of mud slush or water must be circulated through the hole while

drilling. This is supplied by pumps which force the water through a hose pipe and a rotary
swivel connection and then cown the drill pipe.

Wrought iron or steel pipe is used for drilling purpases. This comes in random lengths
of about 20 feet, it is about }th to 4 an inch thick and from 2} to 6 inches in diameter. Special
rotary tool joints are used to connect two pieces of pipes, in place of ordinary couplings, for
greater strength and safety.

When the bore has been drilled to the required depth casing of the proper size is inserted
to support its walls.

(v) Core drills. The rotary system of boring with core drills is hardly ever used when
boring for water in sand, gravel and clay as sufficient water is usually found atdepths which
do not justify the use of this machinery. But this system is largely used for oil borings where
great depts are attained for rock boring. In rock, sand-stone, trap, slate, granite, etc., the rotary
core drill with shot bits is found most efficient.

The ordinary core drill consists of a tool called a “crown” which is a short piece of cast
steel tube, into one end of which a number of “black diamonds™ are fixed circumferently. Black
diamonds are an amorphous variety of diamond usually called carbons and are only valuable on
account of their extreme hardness. Chilled steel shots are now generally used in place of diamondss
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The upper end of this crown is screwed to steel pipes of the rotary drill. Machinery on the
ground surface causes the pipes and the crown to rotate as explained in the case of rotary boring
and the crown cuts through the strata causing a ‘‘core’ to rise up the hollow tube into a core
barrel. Lead balls or some gravel about }” to 3" in diameter are then injected with water in
the bore so that these balls or gravel may act as a wedge between the core and the crown, If the
tool is now rotated from top the core gets sheard off at the bottom and breaks. The tool is then
raised and taken out and broken core comes out along with it. The crown, when it has been
taken out, is given strokes with a copper hammer and this makes the core drop out from
it. - From time to time the core is broken off, the tools raised, and the core extracted. Water
is pumped down the hollow rod as in hydraulic washing and rotary boring and enters into the bore
hole acting as a lubricant to the drill and carries off loose debris when returning to ground
surface through the annular space between the drill and the bore hole.

(vi) California or stove-pipe method of boring — This is a method of boring used
for wells of 6 to 30 inches in diameter. The casing consists of short sheet-iron cylinders, forced
down by large hydraulic jacks and perforated in place by a special tool. Materials within the
casing are excavated by a sand bucket (sludger pump).

This method is chiefly used far unconsolidated alluvial deposits and is known as California
ethod, as it was originally developed there. It is also called stove pipe method on account of
its special casing. The casing is made of lap riveted or welded cylinders of sheet-iron or steel
asually of 10 to 14 gauge 24 inches long and 6 to 30 inches in diameter. Two sizes are used
one of which just fits within the other, so that the joints of one may be adjusted to fall midway
between joints of the other. Sections are added one ata time as sinking proceeds, each 2 feet
section adding 1 foot to the length of the casing. Outer and inner sections are united simply by
denting with a pick ; and the casing is watertight. Casing may be started from a properly
recessed steel drive-shoe and drive pipe. Casing is usually sunk by two or more hydraulic jacks
burried in the ground and pulling at a casing yoke placed on top of the casing pipe.

A sand pump is used for boring as in the case of percussion rope boring described before.
A starta chart is carefully kept, as usual and after the well has been sunk to the required depth
a cutting knife is lowered inside the casing and vertical slits cut in the casing in selected water-
bearing strata. Revolving cutter used is such that it punches five holes at each tevolution of the
wheel. Vertical slits are of a form and size that do not ¢log readily. For best results in fine
material, a natural strainer is formed surrounding the casing by removing the finer materials
adjacent to the pipe by pumping the well as low as possible for several days.

It is seldom necessary to reperforate a well casing. T he yield of an old well may often
be increased by using compressed air for back-blowing or by heavy pumping, thus loosening the
surrounding sand and gravel. (Bib. 2)

6. Tube-well pipe. (dn extract is taken from Bib 28.)

(a) Threads on boring-pipe.—From American practice it has been found that the 8
threadspipe (7.e., 8 threads to 1”) lacks strength, owing to the deeper cut required for the thread.
1t was found that the pipe often broke in the thread when subjected.to strain. Besides the 10
thread pipe proved more consistently watertight and less liable to admit particles of sand and
grit, which would bind the thread and destroy it in unscrewing. The Amercians strongly
recommend use of 10 thread pipe (Bib 33). ’ '

It is however experienced that when casing pipes with 10 threads to an inch are jacked out,
during the process of extraction form a bore, they at times slip from the joints specially if the
threads are partly worn out. Casing pipes with 8 threads to an inch are better in this respect
because their threads are cut deeper and therefore they do not slip so easily, But greater depth.
of threads necessitates that the thickness of pipes should be correspondingly greater so that they
may not lack in strength and may not part (break) at the joints. Generally speaking pipes with
10 threads to an inch are preferable where the thickness of pipes is less than '1/4th of an inch,
but with thicknesses between 1/4th and 3/8th of an inch pipes with 8 threads to an inch are
preferred especially when used for boring purposes. ' : ’
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. (b) Collar-bond pipe. Boring pipes if socketed sométimes become ‘‘collar-bound”
in a hole. .In such an event the pipe can be worked for about the length of a single joint, but
will not pull above a certain point. This is caused by mud loading heavily upon the collars and by
a mud-laden collar, usually the bottom one, coming in contact with a tight place in the hole.
The condition may be aggravated by the sand filtering in and finding a resting place upon the
mud-laden collar. (That is why it is a advisable to have boring pipes with flush joints, fig. 1,
where the collar at the joints are dispensed with). In such cases, itis necessary to keep the
pipe in constant movement untill it will pull freely, pass the point of obstruction and pass easily
down through the same place ; otherwise such a condition is sure to cause the pipe to ‘freeze’
rapidly. The expression “frozen pipe” is applied to boring tubes rendered immovable in a bore

?ﬁfe txlx:gg, sand, limestone cuttings, and other gritty substances, settling around the outside of

When a pipe is collar-bond too powerful an effort to pull it through the tight place in
the hole will often cause it to become lodged so that it will nither pull nor fall back to the
bottom, a common occurrence in the Vijapur area of the Baroda State. This condition should,
if possible, be obviated by the exercise of patience in keeping the pipe in constant movement.
Usually a collar-bond pipe, if worked patiently up and down the bore, the collar being pulled
gently into the tight place and then lowered before the pipe gets lodged, will clear itself sufficiently
of the sand and mud gathered upon the collars to permit free movement. Unless great care is
exercised in controlling the pipe, it may be injured in dropping, because a pipe thus lodged drops
with a tremendous force under the impetus of its own weight when once started. Therefore
?hfr%e {?“ of even a few inches may result in serious damage if the pipe is allowed to strike

e bottom.

Sometime dynamite is used to give jerks to the pipe and thus to loosen a jammed pipe
from the surrounding earth. The vibarations taking place at the time of exploding the dynamite
shake the whole length of the boring-pipe and also give vibarations to the surrounding soil. Due
to these vibarations the soil round the pipe which has struck to its sides is likely to get loose and
the boring-pipes become free. This process was tried in Padra (Baroda State) boring for the
extraction of the jammed casing pipes with considerable success.

() Bad pipes i. e, pipes in a state of partial collapse, or split up while boring.
A pipe remaining in a bore for some time will frequently ‘‘go bad”. This expression refers to a
pipe that has become dznted from a stone bruise, etc., and is in a state of partial collapse from
outside wall pressure or is perhaps split and partly flattenzd. The pulling of such a pipe for the
purpose of replacing the damaged joints is often inadvisable because of the danger of breaking the
pipe at the “‘bad place” and leaving the lower part of thc string of pipes in the bore. Sucha
pipe is often frozen, and attempts to free it by applying too much force would cause the weakened
joints to part.

“Bad pipe” is usually first detected by the bailed or sludger hesitating in its drop as it is
let down the bore. This hesitation if recurring continuously at the same place, leads the borer to
suspect that the pipe is giving way at that placs. ‘

One of the remedies for a bad pipe is “swaging”. The ‘swage’ is a heavy piece of steel,
oval in shape, with a small groove cut into the steel as a watercourse. At its greatest diameter,
the swage should be a fraction of an inch smaller than the diameter of the boring pipe through
which it has to pass. Thus a boring pipe with a 10 inch inside diameter should permit the
entrance of a swage 9% inches in diameter. The common method is to drive a swage of a small
diameter through the bad place first. This swage is then withdrawn and a swage of a larger
diameter is used. This procedure is repeated untill a swage of maximum permissible diameter
is driven through the impaired pipe. The swage is run below the stem with long stroke jars and
tools working immediately above the swage. The operation of driving the swage down through
the bad pipe and jarring it back through the same place should be repeated until the swage will
pull freely through the impaired pipe. It can then be safely assumed that the pipe has been
extended to its normal size. If a swage has been driven through a spilt joint of casing, and cavings
are falling into the pipe through the split portion great care should be taken to prevent the cavings
from wedging the swage in the pipe, the swage being so nearly flush with the pipe, that any hard
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obstacles may cause it to wedge.

7. Sand blowing during boring, i.e., Sand rushing into the boring pipe during boring.
(An extract from Bib, 28.)

While boring is in progress there may be encountered a stratum of fine sand, or sand and
clay etc., which rushes up the boring pipe to a considerable length and thus hampers the pro-
gress of further boring. This sand is generally very fine (with or without clay) and dry. It would
appear that this particular sand stratum is sandwiched between two strata and is under considerable
pressure. It may also be that it is in an arched condition, all the while, between the two strata
above and below it. When this stratum is struck during boring its stability is disturbed and
the boring pipe provides an opening for the release of its pressure. The sudden release of pressure
causes the sand to below up inside the boring pipe to considerable heights. In one well in
Okha, Baroda State, sand was blowing up everyday from a depth of 680 feet below ground level
to 140 feet ¢.e., to a height of 540 feet.

The difficulty about sand blowing is that when the bore is very nearly cleared of all the
sand and the bottom end of the boring tube is reached, the stability of the sand underneath is
again disturbed and it blows into the pipe up to the old level and during this blowing up the
drillers tools etc., may get struck up or jammed or dammaged in the rushing sand ; and it provides
a difficult problem to deal with.

The simplest method is to release the clamp which is holding the boring pipe so that the
. pipe may sink down under its own weight whenever sufficient sand has been cleared from inside
the bore.  All the while the sand is being cleared out, the boring pipe should be kept full of
water right to the top, which will keep the sand under pressure and prevent it from rushing up,
specially when the pipe is being cleared near its bottom. As the boring pipe is unclamped it will
sink down: by its own weight when the sand is cleared below the cutter shoe. In some cases it
may become necessary to extend the boring-tube above ground level by adding another piece
on top of the tube, and filling it with water to increase the head of water over the rushing sand.
This process of watering, cleaning and sinking is followed until the stratum has been crossed by
the boring-pipe.

If the thickness of the stratum is great and the pressure of sand high it may not be
possible to pierce through the stratum in one day. In such cases even though the pipeis kept
full of water during the night it may not be able to prevent the sand from rushing in during the
closure hours. The well at Okha referred to above is an example of such sand blowing. Every
morning the driller had to spend about 5 hours in clearing the sand before the could commence
further sinking of the boring-pipe.

The principle followed in the above method is to line the bore while at the same time
taking out the sand, which is prevented from rushing in by keeping it under pressure of water.
It is obvious that if this pressure of water on the sand could be maintained there would be a
Jesser chance of the sand pushing its way through and blowing in even during the closure hours.
This is achieved by the use of ‘‘aquajel.” *‘Aquajel” is a powder of the colour of cement and
heavier than clay. When mixed with water it forms a jelly which is very tenacious and which does
not mix with sand. So when the trouble of sand blowing is encountered ‘aquajel’ is added from
the top of the boring pipe. It being heavier than water, sinks to the bottom where the boring tool
is working. By the action of any solid boring tool (not a sludger which will tend to collect the
‘aquajel’ inside it and bring it up with it when the sludger is lifted up) the ‘aquajel’ will get mixed
with water and a jelly will be formed which will stick to the sides of the bore as a plaster and will
bind the sand and keep it in place near the bottom of the boring tube. The ‘boring operation can
then be stopped, and the layer of ‘aquajel’ will form a sort of bulb at the bottom of the boring-
tube and prevent sand form blowing in during closure hours.

If the rushing sand is coarse it indicates good water bearing stratum provided its hydrostatic
pressure is heigh. When such a stratum is struck water will rush in the boring tube and along
with it may bring in sand also. But this sand does not rise so high as the dry fine sand referred
‘to above. It is easier to penetrate through such water bearing stratum and a sand pump suffices
for this purpose as the sand does not rush in so often or as high.
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8. Fishing tools. (An extract is taken from Bib, 28.)

When sludger or other tools remain inside a boring pipe due to the snapping of a wire
rope there are different types of fishing tools which can be used to fish out the sludger etc., from
the bore. For a detailed description of these, “Oil, Gas and Water Wells”” by Lucy Manufacturing
Corporation, New York, or other books on this subject may be referred to (Bib. 6).

The handbook on oil wells, published by the Gil Well Supply Co., Pittsburg, U.S.A.
and also the handbook published by the National Tools Supply Corporation, Ohio, U.S.A. are
good reference books on this subject.

) A borer should keep a log book in which he should keep measurements of length and
diameter of each tool, their thickness at various points, length of threaded parts, number of
threads per inch in the various tools, etc. These constitute important information for a borer, for
in case of an accident he will have full information to prepare fishing tools, of the correct size
easily to enable him to fish out the broken parts of tools left inside a bore.

9. Types of tube-wells. (An extract from Bib, 28.)

Tube.wells generally comprise the following types :—
( Strainer wells (including radial wells).
) Cavity tube-wells.
~ /(3) Slotted-tube-wells (including shrouded wells).
“/ (4) Perforated pipe tube-wells.
(5) Artesian tube-wells.

In a tube-well we can draw water not only from the water bearing stratum nearest to the
surface of earth but also from one or more of the water bearing strata lower down, and this
makes it possible to draw out a larger quantity of water from a tube-well as compared to an open
well. The water bearing stratum nearest the ground suface is not, however, tapped in the cas:
of larger tube-wells in order to avoid interference with the supplies of the adjacent open wells and
prevent their getting depleted.

Open wells generally get their supplies from the first water-bearing stratum. When we start
boring from ground level we reach the uppermost water bearing stratum in which water stands as
we call “spring water level’’ or “static water level’” and it is this stratum which feeds most of the
open wells. If we continue boring we pass through impermeable strata of clay, conglomerate or
stone alternating with other water-bearing strata lower down. In the case of tube-wells we tap one
or more of these lower water-bearing strata.

Radial wells and ground water collecters. In some cases it is found that vertical
strainer wells need replacement very frequently owing to rapid incrustetion of the strainers. Itis
genegally believed that the incrustation occurs from the liberation of dissolved carbon dioxide as
a result of the release of pressure or change of temperature due to the tapping of underground
water from aquifers at different depths. The loss of CO, decreases the solvent power of water and
causes precipitation of the minerals on the vertical well strainers.

Ag an improvg.ment, radial wells, with radially driven strainers, have been constructed.
These strainers are driven radially in a horizontal plane in the same water-bearing stratum and are
thus at all times under the same water pressure and temperature.

A shaft of suitable diameter (12 feet or more) is sunk down to the water-bearing stratum
to be tapped.

The shaft is constructed of reinforced sections (air-applied concerete and sheet steel
sections) each about 10 feet long. At the bottom there are treble-walled steel sections comprising
the cutting shoe, the intermediate and port hole sections. These are all welded together with the
annular space reinforced and filled with concrete.

Through the port hole section the slotted screen pipes about 10 inches in diameter
(with a pointed driving end are driven to about 200 feet length horizontally with specially
constructed sliding hyraulic packer. The screen. pipes are made from §" copper bearing steel
plate punched with 134 x }* slots.
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There are about 36 screens driven radially from one shaft and kept just above the clay
bed underneath. (For London Water-works Installation, these screens were kept one foot above
the clay bed.) The open ends of these screen pipes project insile the central shaft and are
fitted with sluice valves and vertical back-wash pipes which extend to ground level, and can
be operated from there. All these screens are back-washed and properly developed. The sand
thus taken out averages about 3 cft. per lineal foot of screen pipe projected.

The water from all these screen tubes flows under gravity into the central shaft and is
pumped out with deep well vertical motor driven pumps.

The yield from one such radial well is of the order of 7°003 g.p.m. with a drawdown
of about 7 feet. -

Cavity wells are tube-wells, which, being without strainers, draw their supplies from
one acquifer or water-bearing stratum only.

10. Suitability of the Tract for Tube-Well Irrigation.

(a) Geological strata.

Below the soil crust in the ground water reservoir, there should be available 2 coarse
sand stratum from 100" to 150" deep to locate the strainer of a tube-well. Geological
conditions in the Punjab are such that unfortunately such a water bearing strata is not
available everywhere. Trial bores are absolutely essential to ensure suitable strata for every
individual tube-well. Water bearing strata are often separated by clay or kankar bed layers
which are only partially pervious and yield muddy water. The trial bores indicate the position
of such layers. If the strainers have to pass through such layers, the portions should be closed
by putting blind pipes.

The Geological conditions in Northern India :—

“There are three crests of the crustal warpings or underground rock ridges sweeping
across the Northern India as shown in the map of the Punjab Plate I. Vol. 1II. One major
and a number of minor crustal warps, run transversely across the three main crests. These
ridges of rock, varying in depths from at least 2,000 feet to surface outcrops, have an important
bearing on the flow of sub-soil water.”

“The middle one of the three main crustal warps, is of vital importance to the Punjab
and United Provinces. It runs from Sargodha, through to Delhi and thence to Allahabad,
Bhagalpur and Shilong. The major transverse crustal warp appears to run from the head waters
of the Jumna river, via Delhi and Ahmadabad to Bombay. The northern portion of this warp
follows, very approximately, the boundry line of the Punjab and the United Provinces. The
rocky floor, of which these crustal warps are an integral part. is covercd by alluvial deposites .
of the Indo-Gangetic plain. The entire stretch from Karachi to Calcutta is of the same geological
type, but within this type there is marked difference of detail. In that area of the United Provinces
covered by the upper waters of the Jumna and the Ganges, the alluvial sub-soil is lenticular in
formation. Lenticles of clay are contained in a martix of sand. East of the line Lucknow-
Cawnpore, the clay becomes predominent and the characteristic tends to reverse. In the Punjab,
west of the major transverse warping below the Jumna, already referred to, the characteristic
changes sharply. The clay appears in beds of layers, of varying thickness and very varying extent.
In some instances the sub-oil water appears under pressure between two clay beds and acquires
artesian properties. In the United Provinces the general direction of the sub-soil flow is that of
the Jumna and Ganges rivers, in an easterly direction roughly parallel to the main crustal warps.
So far as these crustal warps are concerned therefore, the flow is unimpeded in the United
Provinces though obstruction is probable in Bengal, between Jal Paiguri "and the Ganges river.
But jn the Punjab; the direction of the sub-soil flow is roughly normal to the main crustal warps
and 1s impeded by the second warp on the Sargodha—Delhi line.”

(h) Soil.

The soil survey should be carried out by taking samples for every 100 acres of the pro-

posed area for tube-well irrigation. The pH value should be from 7 to 9. The significance of the
so called pH value explained in Part 11 Chapter I1. ’
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(¢) Suitability of the Pumped Water. ' o ’ T

It is determined by working out the Salt Index as explained in the previous chapter on
well irrigation. The Salt Index should be negative for suitability of the water for irrigation
purposes.

(d) Source of Water Supply. :

The source of water supply should be such that the yield of the tube-well does not deterio-
rate in course of time. The yield is affected in two ways; firstly by the choking of the strainer
and secondly by insufficient inflow to replace the depletion when the soil is not sufficiently pervious.
The first factor can generally be controlled by an engineer by a suitable design of the strainer, but
the second one is often beyond the control of the engineer due to the irregular presence of the
clay lenticles which are only partially pervious. .
11. Tube-well Chaks,

(a) Size of Chak. i

The size of chak depends on the discharge of the tube-well and the delta or the depth of
the water required by the crops which will be raised. There is yet very little information on the
delta performance of the tube-well irrigation in the Punjab. This cannot be compared to
the United Provinces irrization from the tube-wells because the average rainfall of the tracts
irrigated in that province is from 30" to 40” per annum, while even half of that is not available in
the Punjab plains. In the Punjab canal irrigation is fully developzd and the delta statistics of
this are available. The average figures of delta for the canal irrigation are given in Part II
Chapter II. The delta performance of tube-well irrigation is likely to be about three fourth of
canal irrigated depths of waterings to mature a crop. The Karol tube-well irrigation scheme has
been based on an average Rabi delta of 1'1’ and an average Kharif delta of 1:7’, while the adjoining
Shalamar Disty., of the Upper Bari Doab Canal has an average of 1'57 ft. in Rabs and 2'57 ft.
in Kharif. Assuming that the pump will work for 5000 hours a year, it will be able to deliver
annually about 420 foot acres per cusec of the pump supply. Allowing the depths of watering
as stated above and assuming the discharge of a tube-well to be 1°5 cusecs, the Rabi area is likely
to be 190 acres and Kharif area 120 acres. With irrigation intensity of 759, an average chak
works out to be 424 acres.

(b) Suitable discharge for a tube-well.

Excessive discharge for an individual tube-well results in wastage from breaches on water-
courses and excessive depths in the fields. Too little discharge needs a extra number of wells
and results in wastage in the ficld by taking relatively longer time to fill a field. A discharge of
1'5 cusecs is considered to be suitable for a tube-well chak. Dezpth of first watering is likely to
be 4 inches and that of the subsequent waterings 3", which are very nearly the same as for the canal
flow irrigation, but the major economy of water is likely to result from lining of the water-
courses, and from division of the fields into small kiaries, because in this case a cultivator has to
pay for the energry or the volume of water used.

(c) Location of Tube-wells and Water-courses.

A tube-well should be located near the centre of the area to be irrigated, so that the
radiating water-courses are not more than one mile in length in any direction. It should be
situated at the highest place in the chak so that the water-courses do not run in embankment.
The depressions or drains should from the boundary of the chak. Main water-courses should be
aligned in such a way that no field is more than half a mile from the Government water-course.

In designing water-courses the usual practice is to provide a field command of -2 ft., a

slope of 1 in 3000 in the subsidiary (zamindari) water-courses and a slope of 1 in 5000 in main
(Government water-courses). .

Itis desirable to line the main water-courses to save absorption or percolation losses.
Tiles one and a half inches thick laid in cement mortar 1:4 will serve as a useful non-erodable lining
while the sodium carbonate lining is liable to be easily damaged and subject to cracking on drying.

12. Selection of pump Sets.

An extract is given from the Punjab Engineering Congress (1941) paper No. 248 by
Messrs. H. L. Vadhera and A. R. Talwar.
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“Selection of a suitable type of pump is of primary importance in any tube-well scheme.
Before making the final choice, different kinds of pumps and headgears installed in the United

Provinces and elsewhere were examined.’’

“‘Centrifugal pumps with horizontal spindles are usually installed at the normal lower
level of the sub-soil water-table to ensure constant priming. Due to the occasional rise of wate-
table during the monsoon season, when the demand is slack, the installation is in danger of being
drowned by the rise of the seepage water in the well. Actually, a number of motors are said to
have been ruined in the United Provinces in this manner.”

“The difficulty has been overcome by using centrifugal pumps with vertical spindles and
driven through vertical shafts from vertical spindle motors installed 8 to 10 feet above the pump.
The only drawback with this type of pump as offered by the tendering firms was that its discharge
varied more rapidly with a variation in the total pumping head than in the case of other types of
pumps, otherwise itis the most suitable type and has been proposed to be used on the Karol
Tube-Well Scheme.” B

“The propeller type of pumps gives a fairly constant discharge against all heads, but its
efficiency is comparatively lower than that of the centrifugal pump. The bore-hole type of pump
was also examined, but on account of its lower efficiency it has not been adopted for the Karol
Scheme. The use of a bore-hole pump is obligatory when the suction head exceeds 22-24 feet and
sump wells cannot be constructed to place pumps of other types at a lower level due to large
changes in water-table.”

The vertical spindle certrifugel pumps which have been used were specially manufactured
by the Harland Engineering Co. Ltd., and are known as the *Spiroglide pumps”.

The following special features of the Spiroglide pump set are noteworthy: —

Pump and Motor.—The pump is provided with cutless rubber bearing instead of the
standard ball and roller bearings. This arrangement renders the bearings immune against the
effects of dampness or flooding of the well. It also means that the pumps require no periodical
lubrication, one gland being the only part requiring occasional attention.

The headgear is extended downwards and provided at its lower extremity with a steady
bearing. The unsupported length of vertical shafting is thereby considerably reduced, giving
additional rigidity and freedom from vibration.

This feature avoids the necessity of the provision of an intermediate steady bearing for
vertical shafting carried on a girder spanning the pump chamber, such bearing being prone to get
out of alignment in course of time due to the settlement of masonary walls of the chamber, which
alter the position of the girder supporting the bearing, thereby causing vibration in the
vertical shafting.

The weight of the vertical shaft and pump motor is carried on a thrust bearing located
in an accessible position in the headgear, where also is the means of adjusting the position of the
shaft and the impeller in the pump casing.

The vertical shaft between pump and motor is of an abnormal strength, being of 3}”
diameter. The reason for using vertical shafting of such a large diameter is to ensure that the
first critical speed of the shafting is beyond the full load speed of the pump sets, so that when
the pump is being started, when running and when being shut down, the shaft does not pass
through a critical speed which would cause vibrations.

The motor-supporting headgear is of massive construction and has a large area base,
machined on the under-side for supporting on chamber. After erection, dowe pins area filleted
through the headgear base into the girders so that should the neccessity arise for the headgear
to be renewed there is no difficulty in re-erecting the pump set in correct alignment, the girders
being levelled when first installed, so that no packing strips or shins are used between the headgear
and the girders.

13. Selecthn of Strainers.
" A few types of strainers usually used in Northern India are described next page : —
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(a) Cook Strainer.

This is manufactured in America and consists of a solid drawn brass tube slotted with
wedge shaped horizontal slots. The slots are cut with a circular cutting tool from inside the tube, to
various gauges to suit the coarseness of the sand, the usual gauges in the Central Punjab varying
between 6/1000” and 16/1000". The strainer lengths are generally jointed together by means of
screwed collars of brass.

(b) Tej Straimer,

This is manufactured by the Reliable Water Supply Service of India and consists of a
brass tube constructed of a brass sheet bent round to form the tube, the vertical joint being
brazed. The slots are wedge shaped and cut before the sheet is bent to various gauges to suit
the coarseness of the sand. The strainer is made in 8’ lengths generally and from 3" dia. upwards,
the lengths being joined together by means of screwed collars of brass.

This strainer is similar to the Cook strainer, except that it is not made from a solid
drawn tube. It is niether so robust as the Cook, nor are the slots cut so accurately. It
possesses the advantage of being considerably cheaper and is easily obtainable, being locally
manufactured.

(c) Layne and Bowler Strainers.

They are iron slotted strainers. The strainers are made in America and consist of
wedge shaped steel wire wound to a suitable pitch round a slotted or perforated steel or wrought
iron pipe the lengths being jointed together by screwed collars. These are heavy and robust and
can stand rough usage, but having to be imported from America, it takes a considerable time to
get delivery. *

(?) Ashford Strainer.

The strainer is generally made in 8 feet lengths, the lengths being jointed by half rings
bound with wire and soldered over. This strainer has to be very carefully handled lest the wires
are broken or displaced.

(¢) Brownlie Convoluted Strainer.

The strainer consists of a polygonal convoluted steel plate round which a copper mesh
strainer consisting of heavy parallel copper wires woven with copper ribbon is placed.

(f) Leggett Strainer.

Thic is new strainer provided with cleaning device in the shape of cutters which can
be turned in the slits and it is claimed, by this means, that the clogging of the strainer by the
deposition of solid matter on the outside of the strainer and in the slits, can be prevented. The
cutters are operated from the surface. The strainer is said to be somewhat expensive.

(¢) Phoenix strainer.
It is calcium plated and is supposed to be free from the danger of choking and corrosion
caused by the chemical action.

All brass Tej strainers appear to the best because brass is not readily acted upon by water
and is easily procurable locally. Coir and Munj rope strainers have been used in the Punjab with
success for small supply tube-wells meant usually for domestic purposes. Hard wood slotted
strainers are at present in an experimental stage for use on tube-wells in the Irrigation Scheme in
the Punjab.

14. Choking of strainers.
The strainers get choked up usually in two ways ; (¢) chemically (b) mechanically.

(a) Chemical Action.

The chemical action may deteiorate a strainer in two ways, firstly by choking and
secondly by corrosion. If calcium bicarbonate be present in water to the extant 15 parts per
10 the reduction of pressure due to pumping releases carbon dioxide and causes calcium carbonate
to be precipitated on the strainer. The effect is the cumulative. In course of time yield
begins to fall on account of choking. The corrosion of the strainer metal results in the complete
collapse and the subsequent choking of the portions below it. The mild steel and cast iron are
attacked by the sodium salt. Zinc is particularly susceptible to sodium carbonate and aluminium
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is even more so. Copper is attacked by sodium carbonate and sodium chloride. Brass is not
readily attacked by salts present in the soil while calcium in the form of plating is non-corrodible.
The sub-soil water in the western Punjab is usually saline and unfit for drinking purposes when
salinity is more than 15 parts in 16% and not suitable for agricultural purposes when salinity is
more than 60 parts in 10°. The chemical choking by deposition of carbonates is very much

teduced by providing a large slit area or low velocity of inflow which means less depression head
and the reduced liberation of CO,.

(b)) Mechanical Choking.

It is simply blocking of slits with the material such as fine sand. This can be guarded
against by providing suitable slits expanding inwards. The surest remedy to remove this trouble
is that the velocity of inflow should be lower than the optimum velocity which can be experimently

found capable disturbing the material. The proper screening or shrouding of the strainer with
coarse material will remove this trouble to a large extent.

The pulsating action of the centrifugal pumps tends to break the adherence of the sand
particles in the slits by arching action and is also useful to retard the deposition of the carbonates.

15. Size of Tube-well Pipe and Strainer Length.

The minimum diameter of the suction pipe is fixed after the considration of the maximum
permissible velocity through the pipe. The frictional losses vary as the square of the velocity and
directly as the wetted area. A 10" diameter is considered suitable for suction pipes for a discharge
of 1'5 cusecs ; this gives a velocity of 2:76 feet per second, which is less than 3-0 feet per
second, the standard permissible velocity in water supply schemes.

The factors affecting the design of a tube-well strainer are : (2) Transmission constant of
the soil, (}) Depression head, (c) Length and diameter of the strainer and (<) Shrouding. The
transmission constant of the soil varies considerably from stratum to stratum.

In water bearing sand, consisting of particles, say 16/1000” mean diameter, a mean _velocity
of 0°005 foot per second has been found to move only the finest particles of a negligible diameter.
This would limit the discharge to *005 cusec per sq. foot of the strainer surface. Large diameter
strainers are, however, very expensive and, therefore, to keep down the cost shrouding is resorted
to. From practical experience a 10” diameter strainer of 128 feet total length is found sufficient to
give a discharge of 1'5 cusecs with a maximum depression head of 12:0 feet. The diameter of the
strainer should, however, be not less than that required for the optimum velocity.

The indraw into the strainer is not uniform throughout the length of the strainer and the
gross discharge does not vary directly with the length of the strainer and, therefore, it would be
uneconomical to have a uniform diameter of the strainer throughout its length. It is desirable to

vary the diameter of the strainer retaining the optimum velocity of three feet per second in the pipe
as far as possible.

Suitable length of strainer of varying diameters from 4 inches to 10 inches may be used.
A typical location chart is shown in fig. 1.

The saving in cost consequent on using the smallar diameter strainer is considerable for
instance :—

The cost of strainer and plain pipe for one tube-well of uniform diameter of 10 inches
throughout its length is Rs. 4,575/- compared to Rs. 3,485/- when strainers and pipes of varying

sizes from 4 in. to 10 in. are used for the same tube-well giving a net saving of about 25 per cent
in the cost of strainers and plain pipes.

There is, however, one objection to the use of the small diameter strainers. The strainers
of 4 inches to 6 inches diameters, especially the Tej brass strainers which have been used on the
Karol Tube-Well scheme, reqgire extreme care in their handling when lowering the same and also
during the process of shrouding. Great care has to be exercised to see that the bottom of the
lowest strainer is not allowed to touch the ground and to take the weight of the strainers
and plain pipes while being lowered into the boring. It is a matter of simple calculation that
a 4 inches diameter strainer will not bear the superimposed weight of strainers and rising pipes.
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In view of the extreme care required
in handling the delicate smaller diameter LOCAT/ON CHART OF STRAINER &BinD Prre

strainers of 4 in. to 6 in. diameters, their rve
use is discouraged and only strainers of 7 smﬁ %g-s;!g‘lv
— v tleeo

in. to 10 in. diameters are used.

16. Different operations of sinking
tube-wells. -

Extract from Paper No. 248 Punjab T
Engineering Congress, 1941. I

“Boring. Boring is done by the per-
cusssion system. To accomodate 10 in.
rising pipes and strainers and allow for 4 in.
thick shrouding 18 in. casing pipe is sunk —_e
by means of a sludger. The sludger with F
a steel cutting shoe and a non-returning
valve is either worked by power plant or
manual labour depending upon the hardness
of the strata. 0.

Strata Samples. Soil samples are
taken at every 10 feet depth and also at
every change of strata. They are preserved
in a compartmented box and are also sent
to the Irrigation Research Institute for the
determination of transmission constants
and measurement of percentages of clay
and kankar.

Water Samples. Water samples of
each water bearing stratum are taken in a
properly cleaned and steamed Winchester
quartz bottle and sent to the Irrigation
Research Institute for the determination
of the pH value, conductivity, salt index,
quantity of salt present in water, as also
the total solids, in order to find out
whether water is suitable for irrigation or
not and its probable effect on the life of
the strainer.

Water levels. — During the process of 190
boring, observations of water levels in the
bore are recorded regularly twice a day se2
before starting the work and after finishing
it for the day. The difference in the water
levels observed on the close of the day’s |
work and the next morning before starting e
the work gives an indication of the
recuperation of water levels in the bore and
the nature of the strata at the bottom of the
casing pipes.

Location of strainer and shrouding.
After the completion of a bore, a location
chart of strainers and rising pipes is designed
quided by (4) the transmission constants of tes .
the soil strata, (b) the analysis of samples of ~L.3ve = 0.5ve Av0 Neon
water, and (c) the water levels in the bore. Fig. 1.
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After the strainer has been lowered in the bore -according to the location chart, the
process of shrouding and extraction of the casing pipes is started simultaneously. Shrouding
consists of } in. Pathankot bajré retained on 1/10 in. mesh. An accurate record of the material
used in shrouding is maintained showing its calculated quantity as also that actually used. In
certain cases, specially at the junction of sandy and clayey strata, big cavities are formed which
require considerable quantities of the shrouding material to fill them. During the location of the
strainer, great care has to be taken so that the strainer and rising pipes are always suspended and
are not allowed to rest on the bottom of the bore as otherwise the strainer at the bottom is
subjected to unsafe loads, and is liable to be crushed. :

To ensure that the strainer has been located and the shrouding has been done without
any damage to the strainer, it is necessary to take soundings inside the tube-well at frequent
intervals. A history sheet for each tube-well is maintained at site, giving complete information
regading each bore.

17. Eccentricity in the bore.

In all cases where borehole pumps are installed, whether the wells are compound wells or
otherwise, it is of great importance that the finished well and the bore itself should be as nearly
vertical (¢. e. in plumb), as possible. Borehole pumps generally revolve with a speed between
1,500 and 3,000 revolutions per minute, and it can easily be imagined how damaging the effects
of eccentricity can be in such cases on all the moving parts of the pumps and motor. The
stress and strain on all bearings, shafts, bushings, etc., are so greatly increased due to the
eccentricity that all the care and patience exercised in securing a truly vertical bore is amply
rewarded by the ease and smoothness attained in the installation and working of the pump later on.

In spite of exercising reasonable care in boring the finished well is likely to get slightly
out of the plumb partly due to some eccentricity in the bore itself and partly due to variation in
the verticality of the top pipe when earth is filled round it after extraction of the boring tube, e.g.,
when bell-sockets are used for a compound well.

The inside diameter of the top casing pipe is always kept slightly larger than the outside
diameter of the pump bowls, so that there is a certain gap between the outer face of the pump
bowls and the jnner surface of the casing pipe. So longas the eccentricity does not exceed the
clearance allowed in this gap, advantage can be taken of this in reducing the eccentricity. The
eccentricity will be neutralised if the pump is installed not centrally in the casing pipe, but in
such a way that one edge of the lowest pumo bowl is almost touching the casing pipe on the side
to which it is inclined. But if the eccentricity exceeds the clearance allowed by this annular gap
(7. e., the difference between the inside diameter of the casing pipe and the outside diameter of
the pump bowls) it cannot be eliminated without setting right the eccentric casing pipe.

Measurement of eccentricity- A simple method for measuring eccentricity in a bore is
by the use of a reel-like instrument which can easily be made by joining together two circular
discs of the same diameter by means of a central hollow tube. The tube should have threaded
ends with nuts to fit on to these so that discs of different diameters, according to the size of the
bore, may be fitted on to the ends of this tube as required. The discs should have holes punched
in them so that they may be immersed in water without any obstruction. The discs and tube
should be sufficiently heavy to enable them to be lowered in bores full of water without difficulty.

The tube with discs can be suspended by means of a thin strong steel wire or copper wire
so that it can be moved vertically up or down in the bore. A tripod having a pulley rigidly
fixed to its apex is placed over the tube-well and the disc instrument, fitted with discs about 1/8th
inch smaller in size than the inside diameter of the tube-well, is suspended from it with the wire
passing over the pulley. The instrument can now be lowered or raised as desired. The tripod
is so adjusted that the disc instrument will come centrally over the top of the tube-well when
freely suspended. Let us assume that the disc instrument is so hung that its top disc is centrally
situated and flush with the top of the bore tube. Let the distance between the point of suspension
(i.e. the pulley of tripod) and the top of the disc instrument, when its top is flush with the
top of the tube-well, be 10 feet. The instrument is then lowered in the bore, say, by 10 feet.
This distance can be found out by taking measurements of the length of the suspension wire. Let
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us assume that the wire deviates from its central
'x*f:,' CENTER position and the deviation as measured at the
cuiDE top of the tube-well is 1/10th of an inch. There-
LLey fore .at the top of the upper disc (which is 10
. feet inside the tube-well) the deviation will be
twice this much s.e., 2/10th (1/5th) of an inch
SLumS from the vertical line through the pulley. Hence
PLUMB g ¥e~» 1N going down 10 feet it has become eccentric by
| —— L'NE ‘A 1/5th of an inch or the eccentricity is 1/5th of an
inch in 10". (It will be noted that the eccentricity
1s not 1/10th of an inch in 10 feet, but 1/5th of
an inch). The eccentricity at 20 feet, 30 feet
etc., can similarly be obserbed.

Setting right eccentric wells. If the
eccentricity of the larger diameter casing pipe (in
which the borehole pump is to be lowered) of
a compound well is found to exceed the clearance
allowed by the annular gap between the inside
diameter of the casing pipe and the outside
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*S}‘F % diameter of the pump bowls, the casing pipe
4 % will have to be brought into plumb before the
é > borehole pump is installed.
\‘2 § _ Asimple method of setting right an eccen-
W § tric casing pipe is to loosen the earth on the
RS side to which the casing pipe is inclined and
N > then to force the casing pipe back by applying
z > jacks on the other side (opposite to that to which
> AN it is inclined). When the casing pipes have
\/4 V been forced into plumb, earth and gravel are
] é\ KNOTS EVERY filled on the side opposite -to that in which
A 7. \oFT the pipe was inclined, thus preventing the casing
>/‘ oY pipe from resuming its eccentric position.
§; \/\\ To set right an eccentric casing pipe, a new
A 7 bore, say about two thiris the diameter of ths
N §\ casing pipe, is sunk close to the casing pipe on
/i é\ the side towards which the pipe is inclined. The
> > bore is carried down to about 10 feet above the
<« Q bottom end of the casing pipe (which as explained
D /4 earlier is generally at about 80 feet to 100 feet
\é N below ground level in the case of compound
Vi é wells.) The point where this new bore is made is
§ > kept sufficiently away from the eccentric casing
Y A pipe so that on completing the bore its bottom
N ‘\\ does not come into clash with the bottom end
=TA of the casing pipe. The boring tube is then
Nemm withdrawn with the borehole left intact.
7B K Powerful jacks are next applied on the side
N b opposite to that in which the casing pipe is
7 ~ inclined and at a point about 8 feet below the

surface of the ground. This enables the jacks to

METHOD OF PLuwmeaine - be fixed properly and they get a good seat behind

: & WELL- for applying force. As the bottom end of

. the casing pipe is . fixed, and there is a

hollow space made by the boring on the side opposite to that from where jacks are applied, the
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casing pipe can easily be pushed till it is absolutely vertical. When this has been acqomplished
there will be a hollow space left between the new and the old position of the casing pipe. Earth
and gravel are then filled in, this open space and also in any open space left on the opposite side

where the new boring was made. The casing pipe is thus fixed in a vertical position and all
eccentricity is removed.

The jacks are then removed after making sure that the casing pipe does not tend to spring
back to the eccentric position. The well is now ready for installation of a borehole pump.

18. Back washing and back-blowing of strainer wells.

In the case of strainer wells it sometimes happen that the strainers get choked with fine
particles of sand and clay or due to bridging (described before) and thus have to be cleaned ; or
it is found necessary to draw out larger quantities of sand from the surrounding strata though the
strainers, to improve the yield of the well. Thisis done by resorting to ‘back-blowing”. The
process of forcing out water or air under pressure from inside the tube-well, through the strainer
slots, into the surrounding strata is called ‘‘back-washing” or “‘back blowing™ respectively. In some
cases satisfactory results are obtained by these methods and it is advisable to try these for improving
the yield from a tube-well whenever it is found necessary.

If sufficient quantity of water is available from a high level storage tank or from a pump
which can pump water under pressure into a tube-well, ‘back-washing” can easily be done with
water. This water entering the tube-well under pressure passes out through the strainer slots into
the surrounding strata and thus pushes out and carries along with it all the fine particles of sand,
clay or dirt and cleanses the strainers substantially. But if the strainers are only partly clogged,
the water may pass out of the strainers through the unclogged portions and the whole of the
strainer may not get cleansed properly. In such cases a water jet is carried down to a point
directly opposite each portion of the clogged strainers by using a small pipe, which can be
lowered freely inside it. At the bottom end of this water pipe, there is a foot piece about 4 feet
long with perforation on the sides and with its lower end sealed with a cap. The top end of this
water pipe is connected to a high level storage tank or the pump. The water froin the storage
tank or the pump emerging under pressure from these perforations in the foot piece passes through
the strainer slots thus washing them throughly and cleansing them. If any of the washed material
falls inside the tube-well it can be pumped out from the tube-well along with the water from it.

The other method is to use air under pressure, from an air compressor. The plant
consists of an air compressor and air line, foot piece, eduction tube, etc. The air lineis a G.I.
(galvanized iron) tube from 1 inch to 2 inches in diameter, through which air under pressure is
passed from the air compressor to the foot piece. A foot piece is a perforated tube about 4 feet
long and of the same diameter as the line with its lower end sealed or plugged with a cap. An
eduction pipe is used for discharging water along with any sand, etc., which may have come
into the tube-well due to back blowing. The well pipe itself can be used as an eduction pipe
but as the washed materials from the strainers, etc., has also to be pumped out along with the,
water it is preferable to have a separate eduction pipe about 4 inches in diameter, so that the

velocity of water pumped out may be sufficiently great to carry with it all the clogged material etc.,
from the well.

!
The tube-well is sealed with a sealing cap at the top and the eduction pipe and line pass
through it. There is a sluice valve on the delivery side of the eduction pipe which can be closed

when air is to be passed out through the strainers and can be opened when it is desired to pump out
water and sand, etc., from the well.

The eduction pipe is lowered into the tube-well till its bottom is about 2 feet above the
top of the strainer pipe. The air line is then lowered inside the eduction pipe till its foot-piece
comes directly opposite the strainer pipe. The sealing cap between the tube-well and eduction
pipe is then closed as also the sluice valve on the eduction pipe. The air coming from the air
compressor and passing out of the foot piece has now no passage for escape except through the
slots of the strainer pipes, and through these slots it passes out into the surrounding strata. But
in doing so as it passes under pressure through the slots, it cleanses them and removes the
material which was clogging them. When one portion of the strainers has been cleaned, the
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education pipe and air line can be lowered to the strainers lower down and gradually all the
strainers are cleansed. After cleaning each length of the strainer the sluice-valve on the delivery
side of the education pipe is opened and the water containing the washed cloggings etc., is pumped
out. Thus gradually all the clogged strainers are cleansed and there is proportionate increase in
the discharge from the well.

In the case of compound wells an education pipe of a suitable size, which can easily be
lowered inside the main strainer tube, should generally be used for back-washing and back-
blowing purposes. But if the diameter of such an education pipe is found to be too small for
satisfactory-operation the main strainer pipe itself can be utilized as an education pipe. In such
cases a loose joint is prepared for extending the length of the main strainer pipe to ground level.
For this purpose plain pipes of the same diameter as the strainer tube, have to be lowered from
ground level inside the compound well. A rubber ring forming the loose joint is screwed on to
the bottom end of these plain pipes and when lowered inside the well rests on top of the main
strainer pipe. The bottom portion of this loose joint is tapered so that the main strainer pipe
slides into it and abuts against the rubber ring, thus forming a water and airtight joint due to the
weight of the pipe on top of it. This pipe is then used as an education pipe and the air line can be
lowered inside it'and worked as described above. When the strainers have been cleaned, the upper
plain pipes with the loose joint can easily be lifted out of the compound well leaving the well clear
for installation of a deep well pump as usual. ’

19. Testing the Tube-Well.

After the extraction of the casing pipes is finished, the tube-well is tested for its discharge.
If the yield of the tube-well is satisfactory 7.c., it yields a discharge of about 1'5 cusecs for a
maximum depression head of 120 feet the construction of the masonary part of the works is
taken in hand. The arrangement of the stilling chamber and meter flume to measure the tube-weH
discharge is shown in Fig. 3.

The most interesting Puan 08 MERSOTNG DEVICE FOR 1.5 CUSEC DISCHARGE

feature of the construction Scates y,

of a tube-well is the putting {

in of a water-tight joint Sscrrovm on A5,
between the top of the rising »EROOVS

pipe and the suction sluice-
valve. This joint is 7 feet
below spring level and it is
not possible to fit the suction
valve when water is rushing

out of the rising pipe under y

this much head. To over- LN ST2Lvg Cuvepen

come this difficulty a mecha- o ‘

nical rubber stopper has ~rvr, AP

been devised by Mr. A.M.R. AT e G P A S v —
Montagu, Fig. 4. : sy el .

The stopper completely
staunches the flow of water
in the rising pipe. It is Fig. 3.
then quite easy to put in the pump foundation after the suction sluice-valve has been put
in position.
20. Extraction of strainers and pipes in the case of unsuccessful wells.

If, on testing, a tube-well it is found to be unsatisfactory and it becomes necessary to
extract the strainers and pipes it can be done by lowering a wire rope with a hook inside the
strainer pipe so as to catch the “eye” on the bail plug and then pulling the strainer tube up. As
described before, this can easily be accomplished provided the strainers and plain pipes have not
been in position for a long time and have thus not been jammed by the surrounding soil. If these
have been jammed in position the wire rope method of pulling them out may not be successfull
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MrcannIgaL, SToPrEs FoR 10 INCHESTIE In such a case a simple device is to use a
Scael u’g: ey tapering, conical, piece of wood like a frustrum
of a cone, loosely fitting inside the strainer tube,
which can be lowered inside the strainer pipe by

means of steel rods. - This conical piece of wi
T e isa lower:hd ilnside tl:f tube-well, with its wider
[l ge at the lower end, ta some point opposite a
Rorzaes 3 "‘"“k' plain pipe. If it is lowered to a point opposite a
L strainer tube the latter may get damaged when
pulling it out. Gravel or stone chips are then
= raln 9 poured inside the tube-well and these collect
ryrelt round the conical piece of wood and from a sort

73 I

49

P

— v T of a wedge between the wood and the pipe.

or PaTL # When this wooden piece is now pulled up by

E'-f' means of the rods it gets jammed to the pipe
e - .?.'} because of the wedging effect of the gravel be-

. |FTM. 4. . tween the pipe and the wooden cone and it
po— DA tends to pull the pipe also along withit. A
. clamp is tightly fastened to the steel rods just
Dngxson A YeY s above the top of the tube-well and rests on it.
Another clamp is fastened on the tube-well pipe
itself on the outside, holding it tightly, and
jacks are placed below this clamp to lift it up.

. The pull is transmitted from the jacks, through

L the clamps to the tube-well pipe, and the pipes

& transmit it to the clamp, on the steel rods resting

o 2" on top of the pipes. Thus the rod itself is pulled

sene L. __ up and transmits the pull to the conical wooden

"' ?;’,:- piece inside. The tube-well is in this way pulled

up by the jacks directly from outside and by
— - the wooden piece and the wedge of gravel from
—- inside and is gradually extracted out. Thisisa
I %ery convenient method of extracting strainer
T pipes and can be used where the strainers have
|

been lowered for a long time and have got
jammed. The advantage of this method over
the hook method is that instead of the tensile
force being applied to the hook on the bail plug
only, which may get bent or sheard, it is applied
to a large surface of the tube-well pipe itself
and is therefore more effective.

A special collapsible steel tool is also
——= == ice’ obtainable which can be lowered inside the tube-
S well instead of the conical piece of wood. This
tool can be expanded out after being lowered
inside the strainer pipes thus forming a sort of
wedge to grip the pipe just as the gravel wedge

Fig. 4. holds the pipe in the method described above.

9. Miscellaneous Works.

After the tube-well is installed, the following works are carried out :—

. (a) Construction and lining of water course.
The earthen water courses should at least be run for one crop for consolidation before the
lining is done. : : o
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(b)) Pump Sumps.

A suitable design is shown in Fig. 5.

(¢) Meas devices.

It should be in the form of long crested
weir to require low working head of the type of
meter on canals, (Part II Chapter IX). A stilling
device in the form of grids will generally be
required after the water leaves the delivery pipe.

(d) Operator’s Quarters.
Two rooms with a verandah, kitchen and
courtyard will give enough accommodation.

22. Assessment and Water Rates.

The establishment required for each well
consists of one operator and a beldar. The
operator’s duties are as follows ; while beldar
acts as his assistant :—

(a) to start and stop the pump;

(b) to record the time and the meter read-
ing at the beginning and end of each cultivat
or’s turn ;

(¢) to record the area irrigated and the
Crops sown ;

(d) to issue cultivator’s receipts ;
(¢) to prepare the daily routine return ;
(f) to look after the Government channels.

A zilladar is required for about 20 wells to
check the revenue work of an operator and to
prepare the demand statement. Besides a
supervisor is needed for about 20 wells who is
supposed to work as a mechanic and an
electrician to carry out the necessary repairs.

The Operator maintains a printed and
bound log book containing the following
information :—

(a) Date. (b) Time of starting and stoppi
the motor. (¢) Meter reading at starting an
stopping. (d) Units used by each cultivator.
(¢) Value of electricity used. ( f) Field numbers
irrigated. (g) Name of crop. (k) Area irri-
gated. () Gauge in measuring tank. (j) Total
volume pumped in cubic feet.

In addition to the log book the operator
maintains a cultivator’s receipt book in
triplicate. When a cultivator has finished

Fig. 5. irrigation, he signs the receipt which shows the
time of starting and stopping the pump, the number of units consumed, and the amount
assessed. 'The operator keeps the counterfoil with himself, sends the duplicate to the zilladar and

ltll:nds over the triplicate to the cultivator to enable him to check his water bill at the end of
¢ crop.
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On receipt of the cultivator’s receipt, the zilludar posts the units used in a ledger in
which he leaves a page for each cultivator. This forms the basis of the demand statement. The
ledger is also kept in duplicate. The duplicate copies are distributed to the cultivators at the
end of each crop and take the place of the parcha (demand notice), vernacular form No. 8§ A
used in canal irrigated areas.

Water charges have been fixed per 1,000 cft. of water. Actually, however, the rate is
converted into electrical units by actual measurements.

At the beginning of each crop, a complete test of each tubz-well is carried out with
respect to its discharge, electrical consumption, delivery and suction head, pump efficiencies etc.
Electrical consumption per 1,000 cft. of water and the cost of an electrical unit for each tube-
well is worked out and intimated to the zamindar concerned by posting notices.

The rates per thousand cft. of water are uniform for all the tube-wells, but the rate per
unit of electricity varies from well to well, depending on the number of units required to
raise the standard volume. The advantage of this system is that the cultivator can read the
meter before and after his turn starts and knows exactly how much is to be debited to his account.

Water rates per 1,000 cft. of water are the same as charged in the United Provinces.
These are three annas six pies per thousand cft. of water for kharif and two annas four pies per
thousand cft. of water for rabi. These correspond to Rs. 2'12 per watering of four inches in rabi
and Rs. 3'18 per watering of four inches in kharif.

Assuming deltas of 1-8 and 1-1 for kharif and rabi (vide paragraph 5) the cost of maturing
one acre of kharif crops works out at Rs. 16'7 and of rab: crops &t Rs. 6°81.

23. Discharge from a tube-well.

The mathematics to determine the discharge from a tube-well has not yet been fully
developed. The appoximate methods to judge the discharge of a tube-well can be applied in two
ways.  Firstly, very nearly correct estimate of discharge can be made from the actual
performance of the existing tube-wells. In the Punjab Engineering Congress paper No. 129 of
1929, Mr. Howel, Superintending Engineer has given actual performance of a large number of
tube-wells varying in discharge from 8 to 36 gallons per square foot of the strainer surface per
foot depression head. The safe figure for an estimate of a tube-well discharge may be taken as
ten gallons per hour per square foot of the strainer area per foot
depression head. Secondly an estimate of the discharge in a tube-
well can be formed by experimentally determining the safe
optimum velocity of say, "005 ft./sec. as mentioned before in this
chapter which will disturb the soil particles irrespective of the
depression head. The soil samples used in such experiments should
be representative samples of the soil crust in which the strainer is
to be put, which is not generally practicable.

The formula of discharge was first develo