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ADDRESS
or
Mr. W. S. DORMAN,
Prisipryr,

Gentlemen,

It is my privilege, as President of the Punjb Engineering Congress,
to express on your behalf the pleasure 1t gives us all to welcome here,
this mornmng, to open the Congress, the Hon'ble Khan Bahadur Mian
Sir Fazl-1i-Husain, Revenue Member of the Punjab Government.

Sit Fazl-i-Husain 1s an old friend and his services to the Provinceare
too well-k to need recapitul but as | und: d that before
we meet for our next Congress he will have left us to undertahe stll higher
office and greater responsibilittes with the Central Government, 1 shoul
Iike to offer him our good wishes and to say how greatly we shall miss
his official gurdance and more particularly his leadership in the Legis-
latve Couneil
I should also like to welcome the Hon'ble Sir Alexander Stow, who

perhaps will permut me to take this upportumty, the first which we have
2d of meeting him in our corporate capacity, to  congratulate him on
having been made a Knuight Commander of the Most Emimnent Order of
the Indian Empire ; and the Hon'ble Mumisters, who year by year find
time to show their mterest and encourage us by their presence. We
more particularly welcome our esteemed [riend the Hon'ble Minister for

ericulture who is so intimtely connected with my own Branch of the
Public Warks Department and to whom you will also wish me to tender
our most hearty congratulations that his labours for the wellare of the
Province should have been recognised by the honour of a Knighthood.

[0 the other distinguished visitors who have been able to accept the in-
vitation of your Council to honour us with their presence here this morn-
ing | would also extend a hearty welcome, It is a particularly great
pleasure to see our old friend Me. Foy.

o3

e remains true to himselt all will be well,

.. During the year, death robbed us of one active memher—one who
while he was in Indi never failed to combine attendance 2t the Congr






President’s Address, i

Gentlemen, It is always difficult for your President to know what
to say when he addresses you on these occastons.  Few have such a wealth
of material at their disposal as Col Craster (who did so much for the
Congress) had in 1917, when he gave that masterly review of 31 years'
progress an the North Western Railway since vanous lines were amal-
gamated to form that great system 1n 1886. Several Presidents have been
content to anticipate the administration reports by giving a brief record
of the previous years’ activities, and 1 must say 1t 15 a temptation to tell
you of the 235 miles of new line opened to passenger traffic by the North

estern Railway adminstration during the year; of the progress which they
are making on bridging the Indus at Kalabagh, the Jhelum at Khushab, and
the Chenab at Chimiot, after having completed new bridges aver the Ravi
at Narowal, and over the Sutlej at Ferozepur, and reconstructed the bridges
across the Indus at Attock and over ' ¢ T At f R
also enlarge on the 7 milhion odd acr
of of the 6 million odd acres irigated 1 .
to state that the srrigation of the Brihish portion of the butie; Valiey canals
alone amounted to over I lakhs of acres durmg 1929.30, which, consi-
dered in crop values, comes to appraximately Rs. 500 lakhs increase in
the annual income of the Punjab  The total value of crops raised on all
Ema}s during 1929-30 was Rs. 5506 lakhs  This is based on a yield of

2. 46 an acre.

The Sutlej Valley Project is now approaching completion and the
final diversion of the combined Chenab and Sutley waters over the last
weit would probably have been in progress had it not been for the alarm-
g floads in August. Mr. Gunn describes the flaod rcsulgmg.hom the
burstmg of the Shyok Dam, 7" * LA
up for discussion just now, & " .-
that this flond did not synch . st
from ;ntére local rain which ' . oo
Caused damage smounting tc ' - . o
in charge of ?he lmgatioi and General Branches of the Public. Works
Department and on the North Western Railway alone, in addition to a
03, estimated at Rs 25 lakhs, in traffic earnings on the ratlway,

For my own part, however, § prefes to hath back for inspiration to
M. Monl;omcvr';'g attempt in 1920 to forecast what the future hed in
store for the Province. Mr. Montgomery thought the Lyallpur grain
elevator, withts storage capacity of 100,000 maunds of wheat, weuld Le
the forerunner of simlar elevators in all the lsrge grain producieg centres
of the Province, once the failway and port authorities reshised lhe’cmim ovs

Toee . ol
advantace of bull, transpc

system of Lines of surface - R . .
wailvay, and of shallow "+ * ¢ - e e
which e thought ikely, now appear to be unlikely lines of develeprrert.

© great expansion i the read system, howeter, which be forescm,
with roads rivalling in importance the old impesial truok rosd from Delty
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Toss, estimated at Rs. 25 lakhs, in traffic earnings on the railway,
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Mr. Montgomery's attempt 1n 1920 1o forecast what the future bad in
store for the Province. Mr. Montgomery thought the Lyallpur grain

laret PRrRpRNj i Y

filway, and of shallow draft barges plying on the mvers ard  carals,
“hich he thought likely, now appeat to be unlikely lnes of develepment.

Be great expansion in the road system, however, which he foresew,
with roads rivalling in importance the old imperial trunk rosd from Delhi
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wath his annual training in the Punjab Light Horse Camp and whose
premature death must be very largely atttibuted to his devotion to duty.
1 refer to Alexander Edmund Knox

Eight members have resigned—mostly on leaving India, and four,
[ am sorry to say, have had to be struck off the roll ‘as defaulters, but
despite all ths, 1f | take into account all the most recent ppphga!mns for
membership, some of which are still under the consideration of the
Council, we have had a nett increase of nearly 60 since Ist January 1929,
bringing our membership up to close on 400.

Before [ pass on to more general matters, on behalf of the Congress
1 should like to congratulate Mr Walker, C.1E., Rai Bahadur Ganpat
Ra and Khan Saluib Abdur Rahman, on the honours which they have
recerved during the year, and also to thank here publicly Mr. Robertson,
most efficient of honorary secretanes, for a year's exceedingly strenuous

o pr e tMT NN L several years” devot-
1 sure that our other
wobly, will forgive me
it 1 spare then blushes.

1 do not know how 1t came about that we originally adopted the slogan
of  Tlnater nend Promesce * v o o T e
typ
Id

Progress denotes hife, while life to be worth the name must be active,
but I think that the growth 1n our membership, the presence of the large
crowd here today and lively dscussions on the papers to follow will
show, I hope, that we are very much alive. Moreover, it 1s enly by pool-
ing our resources and working together, with each one doing lus part,
that we can make satisfactory progress and this yearly Congress provides
the opportumty for men to contibute their quota towards the common
stock of knowledge, either by ing papers for d ion ot contri-
buting from their expenence to the discussions on these papers and,
ghcreby. enabling us all better to fulfil our destiny as engmeers, 1n direct-
ing the great sources of power in nature for the use and convenience of
man. Never before have we had so many papers presented to the Congress
that the Council has been able to pick and chose to an extent not hitherto
possible, and 1 am glad to say that an increased number of contributions
have been by young Punjabi engineers, bus, not having the figures by me,
[ am unable to say whether each community has contributed its proper
quota.  This year we have also been fortunate epough to secure a paper on
a subject closely akin to engincering from two well-known Forest officers,
Messrs. Holland and Glover, which will be discussed this afternoon, but
itis not only Forest officers whose co-operation we need for our technical
work. Our dependence on the physicrst, the chemist and the geologist is
obviow. Tother hes of zoologists we owe the ful construc~
tion of the Panama Canal and the designers of our aeroplanes had to <all

o, the botanists for advice in the selection of ther wing materials.
3
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. [ .. ystem, however, which he foresiwm,
o e ..+ e old imperisl trunk road frum Delhi
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‘The great expansion U he old imperial trun) h b foro

with roads rivalling in importanee ¢ Tead fy = D



4 President’s Address.

———

to Attock—roads radiating from Lahote to Multan, to Bhakker, to
Khushab and so forth, has made substantial progress, though, as Sir
Edward Maclagan then remmded us and 1t is something which is now
being brought home to us once agatn) progress in such matters depends
on the auspicious conjunction of three planets—the provincial balance,
the staff and the ways and means—and it was seldom we got the time
and the place and the Yoved one all together.

LCala v

‘even using ail for brack burming  He was on nituer gruutia, HUWEVET,
when he spoke of electncal deselopments and of the Hllp which the

establishment of the cement factory in the north of the Province would
give to the use of Portland cement

In the last five years the consumption of cement in the Province has
raore than doubled, and last year (1929), m the Second Circle alone, we
used nearly 30,000 remforced concrete battens for our flat mud rools,
while remforced concrete slab or girder and slab construction is rapidly
superseding the time honoured brick arch m all new bridge and culvert
watk. The fact that 1929 has seen steel sleepers used for the first time in
any quantity on Enghish rahways, where their longer Yife has proved their
ultimate economy. suggests that the day may not be far distant when rein-
forced concrete wall displace wood for the sleepers of our Indian ratlways.
and, that the consequent decreased demand for timber will help

" ' U1 et oo emvaedy the deplorable state

to some of the fairest

. ) o + set forth in the paper

L ‘ ng for discussion this
alternoon.

Col. Battye's paper, which will be commg up for discussion just

tells us how the waters of the Raver Uhl mng:ndi are l;;ein; ll'xl:sm;z:ﬁ
for the service of the Punpab, and a few years should see the electrical
developments, fore 7 TN e e T el At
power from the U L ’
Thants, which have , ¢

or 13 years.
RS s .t “eation i
o . cation is perhaps the
‘ - . . bn.ngxng. the peoples
of the future . * = main unifying factor
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. Th‘e’fx’ifﬁhip R-100 with ‘her s‘lx‘ Rolls R?yt‘:c Condor engines, deve-
. pas-
nable her
wree days,
re already
considered past our work, actually flew from England to Karacht and back
in anaeroplane in 74 days
The Blue Riband of the Atlantic, after being held by the Mauretania
for 22 years, has just been wrested from us by the German-built Bremen,
but the Cunard Shipping Company 15 already planning a 30-knot liner
with which 1t hopes to re-establish 1ts supremacy  Sir Henry Segrase,
however, has pownted out that, whereas during the last 20 years motors
ave more than doubled their speed and airplanes have learned to travet
ve times as fast, shippng has remamned practically stationary for many
years, and only a complete change of design will enable ships to 1mprove
appreciably on their present perf Instead of ploughing her way
forward, half submerged, through the water, the ship of the future must
come out of the water and travel on the surface He may have had in
mind something simular to the German Dornier's flying boat, with a
maxtmum speed of 150 miles per hour, a cruising speed of 100 miles and
sleeping d for 40 p
Germany has also produced a giant land plane, able to transport,
three tons of freight, 2,500 miles, at a speed of over 125 mules an hour,
Aviation, however, had its birth 1n the Untted States of America,
on 17th December 1903, when Orvilleand Wilbur Wright flew a biplane s
distance of some 825 feet, at Kitty Hawk 1 North Carolina, but the fa)l-
ure, in 1920, of the services between New York and a number of almost
equally well known places to pay their way showed that the Americans
ad not then became awr-minded Between 1920 and 1927, Germany's
air traffic increased 30-fold while America had made httle progress, then
:uddcnly. with Colonel Lind‘lzersh's flight across ltl'luc ;'“,L"JS":‘ ,'l"‘.""‘i

~+ % st aireraft construction companies

itis difficult to keep pace with
. " . = = ow well lighted air mail routes
between the Atlantic sea-board and the Pacific coust, and the wealthy
traveller, in & hurry, can get from Los Angelos to New Yorl and bacl in
{ﬁ:rfii},i,?.(?g‘llli -m'“xl .nffor:l_,.rlc; :)ht‘::l?"x;:‘\'l‘np ;\ﬁ‘xﬂ weel's time,

“ne Fopire's

- 19,

BRI
35000 miles in operation.
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There have been some appalling disasters, such for example as the one
fast June when seven passengers lost their lives 1n a forced descent while
FLENE MR L B B [ IS TR [ | Al—.‘lcity Ochqualem."
. . " neward air mail, the
ey A s 3

int .
for . - '
WAL tha vrnvkd hornn ciedbad b aie vantac in thic was T da cnt shial

saving tm time resulting from the developmentof roads, railways and motor
traffic, all over the country, pownted out how air travel, both official and
private, has become accepted as part of the transport system of the
country and that landing grounds now exst at all the important, and at
many of the smaller places in the Sudan.

Busmess men have already proved the value of aeroplanes out here,
[ B B b aan £ow 1 apeme - bl o S P

zamindar 1s gething all the water he wants Landing grounds may be a
difficulty for a time, but there 15 every hope that this will soon be overcome
and that the seroplane owner will be able to descend on, or nse from, a
very small area, possibly even the flat roof of his bungalow.

The aeroplane will also be of further practical use to the engineer,
Aasead mban, o a PO U It I TN 3

for locating under-water formations, and I believe it h§‘s been used in the
U‘mged St:les f:n" locat{r')’z‘ high tension transmission lines and for

Turning for a moment to the railways  These after having more or
less marked time for some years are now waking up under the stimulus
of the competition from motor traffic—On the North Western Railway
this is being met by introducing additional train services, by reducing
rates and by publicity propaganda  There has also been a general speed-
ing up of passenger and goods train services and the strengtheming of
the main line track and bridges, now in hand, will admit using still heavier
éypcs of engines capable of hauling greater loads at higher speeds. Next

cptember, the new 4-6-2 Pacific type engines, weighing 176 tons,
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having a traffic effort of 32,000 Ib and an axte load of 20 tons, willbe
operation between Peshawar, Lahore and Karachy, and 1 understand this
type of engine will be a great advance upon anything hitherto used on
Tndian railways.

Efforts are also being made to cater better for the creature comforts
and for the health of the travel'ing public, amongst other ways, by pro-
viding pure drinking water supplies, by means which Mr Vardon will
explain to-morrow It may be we shall soon have artificial cooling for
hot weather travel somewhat on the lines of the ‘frigicar* of the North
American Car Company, 1n which the temperature 13 apparently automa-
tically controlled, at any fixed desired level, by means of an ammoma
compressor, worked by a mechanical drive off one of the axles, which also
stores a sufficient reserve 1n brine tanks to tide over periods when the car
may be at a stand stll. Such a system would soon oust fans which stir
up dust and induce chiils.

There has been a notable quickening up in English passenger train
schedules, but the delays 1n goods traffic have caused much to be diverted
to the road and a determined effort 1s now bemng made to recover the
ground lost and 1n fact to pool all goods traffic.

1 read somewhere the other day that the Landon and Nonh Eastern
Railway is at present exper with a rail d to carry
passengers at 120 m:lcs an hcur Dcpcndcn! [rom and guided by rails,

"""""" - en by two acroplane
1s said to be onlya
e successful 1t should

revolutionize railway travel

There 1s also a movement on foot 1n England to eliminate most, if
not n“ level crossings, but that brings me to the subject of roads.
R T L T S T S R |
- e e
FETIPIN
past week about ll\c shortcomings of our roadx. l onl) Propose ta ioudx
on one or two points.

Tha ctoad e 3l an tha valirsn of jaatas seaffie fe o paemenmene los

Ce e -
lmlrs in excesy o{ lhc m-nch. \A\\}l a rrnl dta\ more acceleration, and thern
th ebrakes for controlling these high speed cars are guite up to xbu;



Pcident’s dddresss

o o
VPN L

« oa this country new, it is common knowledge
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artle O e side- .
::s! m 3t yer in the towns and villages, of course, where there is most
o ”0“3 whete only the fullest co-operatian between the soad au-
petion 30610 and the local authority (where one exists) will effect
ot . ‘he polt Pt " ] ‘l h ‘ l .‘
Ty Lo al authonity s rarely alve to s
R the natural tendency for a towo is
. wssing through 1t Propaganda is
't to pisudut 1L Luat aevelopment at right angles to the, road,
pecessT re will be less dust and danger from passing traffic. is nre-
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L e e ad
pousts Qi st bruvision o such conveniences is another matter for
‘hfly attention.
¢ 1 have dealt mainly with camme
X nication that the world so I
—whether we concidar i -
sphorism .
ess ¥ed comr
L ATics and er . 2« iy 1nornton said the
pthee day **it's keeping your eye open for to-morrow that builds a country
or a business—that, and knowing what you're doing to-day " But, Gentle-
men, I do not wish to end in a purely materialistie concept of progress,
which appears to have found its supreme expression in that land of rush
and hurry—the United States of America—and which 15 so far removed
from that under-current of spiritual life which we like to associate with
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the East, and which [ should like to see reflected more 1n our work,
Sir Benjamin Brogiie, addressing the Royal Society in 1859, said that
physical investigation more than anything besides, helped to teach us the
actual value and right use of imagination, which, if properly controlled
by experience and reflection, became the noblest attribute of man, the
source of poetic genius and the instrument of discovery in science,

Some of us are nearing the end of our time in the service of the Punjsh
while others are ¢ -1 -t reoto s el i [ T
like to leave this

the formation of . .

meaning as it does that every action has its effect and every job carticd out
has an importance far greater than its intrinsic worth. Work therefore
. P 1 fa, a B . *

- work
foe digni-
: Ce vter and

which will give pleasure to generations yet unborn.
You may or may not recewve recognition for your work, That is
a secondary matter Do the work for your own credit and for the glory
of this great and progressive Province which we all love and scek to serve.






SPEECH.
By
Tur HoN Bri: Kuan Banavus,
MIAN SIR FAZL-I-HUSAIN, K.C.I.E, Kt.,
MiEMBER Foi REVINUE.

Members of the Engineering Congress and Gentlemen :—

1 am very glad * Bl [
in this great hall to-c ) .
membﬂ:s to this ann . ' - .

, e ) o,
not deny myselt the pleasurc ol avaling myselt ot this oppcﬂur]lty _ol'
paying my trbute to a great profession, the wonderful work of which in
one branch [ came to know as Revenue Member

The Enginceting Congress has now become an annual institution
in the intellectual activities of the province; and there can be no two
opinions about the very great utility of the institution 1t is making most
valuable ibutions to engt hnowledge and research  The daily
work of a large number of you is in remote parts of the province and &
free and frank discussion on engineering subjects cannot but whet
your wits, infuse enthusiasm and zeal, reclaim you from the monotony
of the routine part of your work and invite you to efforis of investization
and wnvention, Discussion 1s verily the one method by which knowledge
is enhanced and the capacity and talent called upon to make fresh efforts
at self-realization

The mportance of your prolession is  ever-mcreasing:  your
struggle with nature is getting more acute.  You have made many con-
quests in the past, and we trust you have many more to male, but the
Tesources of nature are unlimited and for years and years to come there
willalways be something for you to conquer.  The scepe of your actisities
iy unlimited ; and there is hardly any sphere of human activity which can

developed without your co-operation. In ications of all
PR L eI Oy

of wealth as yours——whether that production of wealth is through lind or
throush factories, your share in that production is greater than that of
any othe? profession Not only do you contribute towards production
of wealth, but socicty is heholden to you also for faclities for markening.

AN
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Members of the Engineering Congress and Gentlemen :—
1 am very glad to see the »m~n rinn balant aftha D20l
E 1
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of othce as Revenue Member of tne 1 unan Sovermnent, 1 ieit | could
not deny myself the pleasurc of availing myself of this opportunity of
paying my tribute to a great profession, the wonderful work of which in
one branch I came to know as Revenue Member.

The Engincering Congress has now become an annual institution
in the itellectual activities of the }wmvinm: and there can be 1o twe
opmions about the very great utility of the mstitution. Tt is making mogt
valuable contributions to engineering knowledge and research  The dy}
work of a large number of you 1s in remote parts of the province and {
free and frank discussion on enwincering subjects cannot but whey
your wits, infuse enthusiasm and zeal, reclaim you from the mongton,
of the routine part of your worh and invite you to efforts of in\stiwaﬁoz
and invention  Discusston 1s verily the one method by which lno\:lcdxg
is enhanced and the capacity and tilent called upon to make fresh efforty
at self-realization

The mportance of your profession s ever-mereasing;  your
struggle with nature is getting more acute  You have made many g,
quests in the past, and we trust you have many more to male, but the
fesources of nature arc unlimited and for yesrs and years to come ther,
willalwsy s be something for you to conquer The scope of your actiiyey
is unlimited ; and there is hardly any sphere of human activity which o,

developed without your co-operation. In communications of 4
[ P 1 i ae anrisl the scone for develonm, |
i . '

PR “ - ey v
of wealth as yours—whether that production of weaitu u tuturh lind
throush factories, your share in that production is greater than thay of
anv othe? profession. Not only do you contribute, tewards prod
of wealth, but saciety i¢ beholden to you also for facilities {« ™

H .
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There is no other profession which makes a more direct contnbution to
national wealth than yours.

It is but natural that a profession with such wide possibilities
should attract the best matenial, and yet there are certain popular fallacies
which it is time should be exploded. [t 1s generally believed that a boy
who has a mechanical turn of mind will do for engineering, implying there-
by th:! all thatthe professlon needs is a mechanical turn of mind This is

RN T S P e et

not only broad and wide sympathy, but his capacity to visualize great
schemes should be as great as of the best men in any other profession.
A great engineer has to be not only a great scientist and mathematician,
but also a great economust His jnventions are with reference to their
utility to society, and as such the economic part of his mind is not one
whit less important than the constructive or inventive part of his mind.

ere may be professions which take things from society, but you take
nothing without giving something in return, more directly than any other
prefessum 1 have no douht \t 1 ﬁm\ly atabhslwd that na country can

Cugiliuealy PlutssiUll vt Wi wosia.

So far as the Punjab 1s concerned there are great problems which
faoe you and clu'ccdy aﬁcct the of the
by I meansurf: arethe problem
nf the day. They are far too expensive to keep 1n decent order. The
days of the camel and donkey transport are over ; and unless aerial com-
munications render surface commumications ummportant, you must
find the way to make communications in the Punjab less expensive than
they are at present

Again on the wngation side, there 1s the trouble of waterlogging ;
how to render your caml and chunnel beds proof agamst absorphon H

amte mealop s catnmatald

15

gations and experiments.
. Th‘cre isone point| to wl;:icl:: 1 ‘:nsh to invite your attention. Recently
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satisfaction to the people that 1t has been approved This is not, however,
what 1 had in mimd  Even after the irrigation schemes are in working
order, there 1s a tendency fora large proportion of the population of the
country to be unemploy-7 - - c-=-l e aleemaos L0 Ve T
concerned, the country . . - TR
for lamps gave place to k . .
ed wicks ; and now we are at the stage where these are going to be replac-
ed by electric current, wires, bulbs, fuses,etc.  Simularly, the camel, ekkas
and gaddas gave way largely to steam transport and horse-driven convey-
ances ; but these in turn are giving way to ** Fords ™ and ** Chevrolets.”
“These emblems of civilization are tending to upset the economics of the
Punjab. No doubt there is great pleasure and lpnma face economic
advantage in rapidity of motion; but it is felt in some quarters
that these improved facilities of electric and other power may prejudicially
affect the economics of the Province and impoverish middle class
people It 1s realised by some that the machinery and accessories used
i our lighting, transport, improved water-supply and other adjuncts of
civilzation are very largely imported. With all the engineering skill
assembled 1n this hall, should they continue to be imported? Should
all our engineering skill be cmployc‘;] :r: government slc\:v'ice 'x}“ Is there
B A AT Y I [ Fala

L

the people.

Great indeed have heen the achi of the Engineering
Congress 1n the past; but | have not the shightest doubt that  greater
achievements await it in the future  If the admiration and the apprecia.
tion of the people can be an incentive to more strenuous efforts, then,
members of the Engineering Congress, permit me to assure you on hehalf
of thousands and thousands of Punjabees of their most sincere admira-
tion and appreciation of your greit and abiding work.

V. P T B T R ) N e A s bia a g

. - . . s - . fl -

s . e Ve el

» - . - - - - v s
L - . . “ o .

- . ey T L B .
Besides, under the reforms there were some persons who made strenuoug
«fforts to bring your department and other departments of Government

oser to the people than they had ever been, and amongst other services of
His Excellency Sir Malcolm Hailey this will be remembered by the people
of this Province and by this Congress. Now other departments and the

unjsb public know you much better than they did ten years ago, | hae
not the shghtest doubt that most of the suspicions have been dissinas
and their appreciation and admiration for you has incressed many fald |
<consider that in this particular work such Little service that] wasable 4y
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render has been of some ad both to your profession and to the
Punjab public. 1 can not reasonably accept the nice things about we
that your President said to you. I have no doubt that any body else
my place would have done exactly the same, perhaps more effectively,
than | have been able to do. All the same it is a matter of satisfaction
for one to feel that the department or profession, with which he was
connected, should be, at the time when he is about to leave the reins of
office, better understood and better appreciated by the people, whom it
serves than it was at the time when he took over the work of his depart-
ment,

I must not stand between you and your work—time is pressing and
1 now declare the Congress open.
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THE CONSTRUCTION PLANT OF THE UHL RIVER
HYDRO-ELECTRIC PROJECT.

- LTI L ThatiD.
brieft

tanies

tude of R. L. 6,100. The flow of the Lamba Dag is taken by a small
flume and discharged into the Uhl river tnbutary above its weir and
the combmed discharge of both these tributaries screened tllarolﬁh a

couple of coarse and fine screens for el of logs an .
through a parr of intake gates into a double decantation chamber, each
half tning two chambers in sertes, d d to remove gravel and

coarse sand respectively ; the veloaity in the second portion will be re-
duced to | foot a second. These decantation chamhers during the
flood season will operate wrth a continuous under-scour to ensure the
continuous removal of the deposited matter. The outlet of the decanta-
tion chambers discharges into a high veloaity flume, approximately
200 feet long, ending 1n the “Blue Pool” stilling pond, from which two 6
feet 3 inch diameter pressure ducts, 2,150 feet long, will convey the water
actoss » nala bed to the upstrr,ar.r—\l elranri] ?f the upper mai rapx_‘d. ‘Thiv

P AU JN R

if required, into an upper emergency storage reservoir. The outlet of
the upper stilling pond discharges Into an open flume 200 feet long ;
1ot . cmeslow w12 1RD L.l A

above mentioned emergency reservolr, and nnally the main screened
outlet into an 8 feet diameter pressure duct, connecting direct to the
main tunnel, for use during the summer months when the water is too
dirty to be safely stored in the diurnal reservoir, This 8 feet pressure
duct runs under the floor of the diurnal reservoir straight into the
tunnel, being controlled by an 8 feet butterfly valve at the entrance to
the tunnel itself.

The diurnal storage reservoir 25 feet deep has a capacity of seven
millon . ft. and 1s designed to store 150 cusecs far 12 hours
a day, thereby enabling the mini river disch to be stored up at
night, i.e., during the hours of low demand, so as to provide peak dis-
charges of double this quantity during the following day. This reser~
voir is provided with an overflow, a scour back into the river, and a
screened offtake controlled by an 8 feet diameter butterfly valve leading
direct into the above-mentioned pressure duct at its actual entrance into
the tunnel.
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Tt'will thus be seen that there are two separate methods of supply-
ing the tunnel as follows.— )

(a) During the summer months when there is plenty of dirty
water, direct from the forebay;
* (b) During the winter months when the water is clear but scarce,
direct from the drurnal reservoir.

The above describes the arrangements for supplying the tunnel
during the first stage, for which the normal winter supply of the river
ivew 150 cusecs, 15 adequate.  For the second and later stages of the pro-
ject, an average flow of 300 and peak discharge of 600 cusecs will be
requited To prowide this extra quantity, storcge dunng the winter
months will be necessary. This storage will be obtained by the con-
struction of a dam, approximately 270 feet high, located 1n a gorge half
a mile downstream of the above mentioned dwurnal reservorr, This will
create a storage of 46,000 acre feet, which can be filléd up during the
months of August and September and will increase the winter supply
from 150 to 300 continuous cusecs

The conditions of the catchment area do not permit of this storage
being maintained during the monsoon penod, otherwise there is a risk
of the reservoir being silted up in a few years. Arrangements have
therefore to be made for bye-passing the dam and discharging the
monsoon flow through the bye-pass during the summer months.

The intention is to provide a bye-pass which will only be capable of
discharging the maximum floods under the maximum head. This
means that {luring h:avy floods the reservoir will 'ﬁll up and complcle‘ly
medlimpomn sla w——al foaiha . PR Y CE— M B

pond might entirely submerge the arrangements for drawing water

from the nver during_the first stage and also during the summer months

of ‘lﬁ second. Jtisin olrder to avoid this that it_has been deemed ad-
bl D g S S SRS A R

tunnel after the construction of the dam, a valve chamber is being purovid-
ed soout 200 feet from the inlet, accessible {eventually after the dam is
built) by a shaft from the surface, and containing an 8 feet diameter
butterfly valve in the main tunnel itself designed to withstand the
full head due to the height of the dam when closed.

In the second stage during the winter months the tunnel will be
supplied from an entirely separate intake located just above the dam,
for which a separate adit into the main tunnel will be provided, joining it
just beyond the valve chamber. This separate adit is being utilised
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at present in the first stage for construction purposes, and also (before the
shaft is sunk) for access to the valve chamber,

The tunnel is approximately 14,200 feet long and will be 9 feet 3inch
internal di lined with th } so as to provide re-
liable friction conditions and at the same time ensure its being water-
tight under the paratively high hyd 1c head to which it will
be subjected after completion of the dam in the second stage. The
tunnel has two exits. one for scouring purposes only through the
construction adit approximately 1,200 feet long, which has been driven
m from the Wyer nala from R L. 5,760 so as to reduce the total amount
of main drive through the mountain range to 11,100 feet ; the second and
main exit into the surge shaft, where the tunnel proper ends. It then
bifurcates into two 6 feet diameter steel pipes, each concreted up solid
in one of two separate pipe tunnels, each 1,200 feet long, emerging at the
surface at R, L. 5,635

The surge shaft1s 375 feetin depth from the ground surface to the
centre live of the tunnel, 1s 12 feet and 16 feet in fimished diameter in the
upper and bo ) Tt ot
main chambe
will be of the *
which a remnf .
will be provided  Above the LU leeL 1ever 1L win De 0L the simple type,
12 feet in diameter, with a modified contraction, formed by the riser and
ports of the Johnson.

At the tunnel exit, the two main pipes each bifurcate again into two
steel pipes of 4 fo *7 1 mteemT Ametee Ao ncb Lohese will be
located an automat ' . + a butterfly
isolating valve of *

During the first stage, two out of the four pipes are being installed
and will be loca!eld on concrete supports, on the main Shanan spur,
v [ IR IO PN

e .
e ebatinu § QPRSP N N 1

The four pipes in their lower halves will be gradually reduced in
diameter from 4 feet 7 ins. at the top end to 3 feet 7 ins, just above the
power station. The comparatively large diameter of the pipes at the
bottom end necessitates their reinforcement by solid-drawn steel bands
throughout the bottom half. Each of these pipes is designed to carry
200 cusecs at velocities - fee 1L A o4 4
feet per sec, at the bottor ) - . . .
pipe bifurcates into two ¢ e o
100 cusecs. There will thus eventuauy be o pipes entening the power
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station, each carrying 100 cusecs.  Each pipe will supply one single-jet
pelton wheel turbine running at 428 r. p. m and driving an alternator
of 12,000 kw capacaity at 11,000 volts
‘The power station consists of two parts, the power house proper
and the transformer station :—
The power house consists of three buildings :—
(a) The turbine room containng the 8 generators described
above, with an annexe for auxiliary equipment.
(b) a control buillding containing tl’l\e control room and auxiliary
1 1}

(c) a switch annexe containg the 11,000 volt switchgear con-
trolling the output of the generators.

On a large flat space constructed on the higher ground immediately
above the power station, will be located the transformer station, where
the output of the generators will he stepped up to a pressure of 132
by transformers, and thence transmutted by transmission lines to Lahore
and Kalka.

In the first stage of the project, four generating sets only wall be
installed with two transformers and the accompanying switchgear,

A general 1dea of the works area 15 given in drawings numbers one
and seven.

For the building of these works a construction project had to be
prepared, consisting briefly of the following :—

(1) Housing for both temporary and permanent staff for the con-
struction and eventual operating establishment,

(2) Brdle paths, roads, railways and haulages, connecting up the
various levels of work on both sides of the range.

(3) Provision of about 1,200 kw of power and a complete system
for the distribution of power; and an automatic telephone
system for about 24 subscribers

(4) The provision of the usual construction plant consisting of

h \| t winches, 1 rolling stock,
cranes, concrete mixers and ordmary tools and plant,

.(5) The special equipment required for the driving of the tunnel

These will now be described in detail.

Little time need be spent on the ordinary housing and construction
plant, and the bulk of the paper will he devoted to a description of
(n) the communications hetween one portion of the works and the
other by means of haulages : (b) the arrangements for the provision of
power and its distribution; and finally (c), the special equipment installed
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for the duving of the tunnel, which forms the major work now under
construction,

All housing was arranged as far as possible to he earthquake-proof
and swted to the type of cimate involved, During the early stages,
for permanent buildings steel frames wath hollow brick walls were
adopted. This has been replaced later by expanded metal rough-casted
outside and plastered inside, with an air space between.

Temporary buldings (roofed with 24 gauge C. G. |.) were constructed
on poles fixed in the ground upon which all roof trusses and wall
plates were supported. These were calculated to last about three or four
years but it is Ian‘!lcxpat‘ed thall some dx‘fﬁ‘cu,hy may b‘c txpgrxenced_, du‘c
v : .
¢ . . ’ v
had to be provided for every man and cooly employed on the works,
always including a piped water supply and complete sanitary arrange-
ments. At the upper levels and mn the Brot valley, snow 1s experienced
for about three months 1n a year and on some occasions the quarters have
been buried and the occupants have had to be dug out,

The chief features of interest 1n the construction plant are, an elec-
trically driven one-yard excavator of the Marion type built by Ransomes
and Rapier to the former’s designs, electric winehes, crushing plant and
concrete mixers.

The Marion excavator 1s of that firm's standard design in which the
el S ©* - btained by means of

+ from a motor gene-
. ase induction motor

and fitted v +L - gomemstos pfmmanid Do 2 8 oo g voltage ™
or consta . . stually be
* stalled ™ R ' * moments
without d . . - andt has

given good service under most trying conawuens.  Ihe only serious
replacements that have had to be made are associated with the breakage
of the pads when traversing jagged pieces of broken rock, and the

pl of the which had evidently been d d for use
at sea leve} and whose capacity at 4‘000. to 6,000 altit‘ude ne’cessiulet% it
runn’ . s LIRS NN ) K

use. . - e . -
nofa - . . . . -
for ) L I . N
tha o foe = Ma et esidee b Leee 3500 cubic feet,

erial handled is

a_sandy loam

alluvium, Boulders up to seven tons in_weight are handled by rope

slings, slung to the teeth of the bucket. The lowest cost in any one

month, {exclusive of interest and depreciation on the machine) was
Rs. 34§ per thousand cubic feet,

e
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The electrical winches used are of the British Steel Piling Company’s
standard make and have the following characteristics :—

T
! |
| . Length of
Speed of Size of |
Size. fope, rope. [ rsxzz;:.n H. P.
! I
ton. " ftemin, diam |
53 150 5/8" : B0 ) 20
2 s 58 2500 10
1 i
4 . 1 50% 78" 1 3,600 25

*Converted latter to 100 and 50 HP. The 4 ton machines were not standard
and were installed later on the Brot haulage : they are equipped with solenoid brakes.
he two ton winches have been converted to 150 feet per minute and 25 HP by
using the motors removed from the 4 ton winches as explained above.
One of the two ton winches h‘as| beer‘x used for the sinking of the
S, Voe ceee Tal- Yo e e

lost

Two complete rock crushing and sand roll equipments have been
installed, one at Brot and the other at the southern adit entrance. These
are both Baxter standard machines, contamming jaw crusher, conveyor,
elevator belt, a large revolving screen, and two sand rolls, Both sand
and aggregate of any required grading can be produced. These machines
have so far given satisfaction, except for dust trouble for which no ade-
quate solution has yet been found.

A standard speaification for concrete for the whole project has been
prepared based upon the standards of the American Society for Testing
Materials, but with the chapter on proportioning entircly re-wntten so0
.t e o “ « ‘-cement-ratio methods in the

L r solved by the use of certain

. . - v 5« .= for the purpose, consisting

Balance scales for weighing out cement with standard conical con-
crete counter-weights to which lead discs, (marked with the type of
concrete) are added as well as smaller lead discs to compensate for each
per cent of extra water in the fine aggregate; the amount of this is
ascertained daily by means of ahydrometer and checked at 1ntervals in
the laboratory. For further particulars see Chapter V of the 3rd edition
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of Hydro Electric Branch Specxﬁcauon No 17 Tl’us method of pro-
portioning and mixing has been specially d for Indxan c d

1s fool-proof and has proved satistactory and 1s now d h
the works  All muing 1s done n either quarter- or_half-yard electrical
mixers, 1n connection with each of which 15 a tank of fixed capaaity, the
contents of which cannot vary and upon which the proportioning of the
whole batch depends, extra cement and aggregate beng added as
required (using the lead discs referred to above) to balance the extra water
w the fine aggregate.

A chart 1s attached showing the fi and steady 1mpi
in test results of the standard mix used for ordinary remforced concrete
work.

For working the Hill Top Tramway, the Headworks Tramway and
the various construction lines assocxated wuh the construction of the
diurnal re
burning v
railways,
design have been found more convensent than bogles, they can be pushed
about by hand and easily replaced alter deratlment For the tunnel
tramways, 10 ton mining type electric locomotives have been used,
built to the specification of the Departinent by the English Electric
Company  These can be driven either direct from a 200 volt overhead
trolley, or by an Edison battery. These machines are of high grade
make and are giving excellent service.

The above equlpment 1s backed by a small permanent workshop
the

Portable Electric Arc We]dmg Plant,
Band Saw

Saw Guﬂetmg machine.

Universal ]omcr.

Wood turning lathe,

| -mch Redman lathe.

Mnllmg machine,

Radial deilling machine.

High speed dnlling machine.

I1. Emery Gnnder

12. Grind Stone.

13, Power Hacksaw.

14 Screwing machine.

15. " Oster” light hand screwing machine 0-2,
16. **Oster” light hand screwing machine 2-6.
17. Shafting, hangers, and bearings.

18. Pulleys, counter-shafting, and main belting,
19, Marking-out table.

5¢“N°“PWN?

M ANHP metar -
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21. Hammers, Wrenches, Forces, Tilting _furnace, Moulders’
tools, Vices, and other workshop equipment,

22. Sheet rollmg machine.

23. Angle bending machime

24 Rhodes shtting machine, shts up to 1" M. S. Plates.

Of the above, the power hacksaw, drilling machines and Jathes are
naturally those most constantly employed The electric welder, shtting
machimes, plate rollers, and angle bending machines have all prove
particularly useful This workshop 1s permanent equipment, located
on the Shanan sidimg, level with the power station floor; associated
with it 1s a large permanent store for the housing of spare parts and
general stores,

Turming now to road and railway communications : the first thing
to be done was the construction of a brdle path from Shanan up to the
level of the tunnel adit : thence to Winch Camp at 8,000 feet and from
there along the Hill Top Tramway to B's Neck and thence down to
Brot This formed the only means of commumcation on the works
during the first two years of construction, prior to the completion of the
hauvlageways.

The rallway system 1s brietly as follows i—

A level 2-6” gauge siding 1,300 feet long, from the terminus of the
Kangra Valley Ralway, past the permanent workshop and stores to the
site of the power house, termmating at the bottom of the pipeline
haulageway at R L 4,141, Thence the metre gauge pipeline haulageway
hauls loads up to 15 tons past the tunnelexit atR L 5,635uptoa
junction point at R L 5,810 immeduately above it This haulageway
parallels the pipe line through most of its length and will be used for
installing the main penstocks

From the above mentioned junction at R L. 5,810 the 2 6" adit
Tramway runs at a grade of 2'4 per cent. down to the ** detonator spur ™
located in the Wyer Nala on which has been canstructed the compressor
station serving all the southern tunnel headings. From the detonator
spur, the line runs up at a 28 per cent grade to the adit entrance, a tota]
length of 9/10th of a mile. This Tramway traverses some very bad
ground and necessitated the removal of a large proportion of the hill in
one section in order to secure the safety of the formation ; many of the
sidecuts are 140 feet in height and still give trouble during the monsoon

Returning to the top of the pipeline haulageway at R, L. 5,810, a
second metre gauge haulageway of five ton capacity continues up the spur
to Winch Camp at about R. L. 8,000, which is the southern terminus of
the Hill Top Tramway and contains the winch house, loco shed, storage
space, transfer crane and a couple of subordinates quarters.

From this terminus at Winch Camp the 26" Hill Top Tramwa:
has been constructed for 13 miles at a co:xpematrd five per icnl:";r‘;d};
across the south-west face of the hill to B's Neck where it crosses the hill
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at R. L. 8,330, and thence continues level for a further 3/8 of a mile to
the top of the Brot haulageway at R. L. 8,

At this termmus of the Hill Top Tramway 1s located the Brot
Haulageway winch house, transformer station, crane and operators’
quarters Theaverag ' - f*l-bMot-aeb oo o '
the Brot haulageway
upper termnus of the :
the Ukl river tnibutary, where a loco shed and transfer crane is located.

From thus, the upper termimus of the headworks tramway (known as
zero point), the headworks tramway runs for 138 milesat an average
grade of five per cent past the junction of the Lamba Dag tributary, the
decantation chambers, crosses over the top of the two pressure ducts,
past the west side of the upper emergency reservoir, where a permanent
cement store has been located, and thence follows the bank of the main
Ukl niver to the upper end of the diurnal reservorr where the main
Divisional store 1s Jocated. At this point the line bifurcates into two
branches, one running along the outside boundary of the diurnal reser-
vorr to the stone dump and the site of the dam, and the other continuing
at a down grade past the crusher plant and compressor station into the
north tunnel heading, with a number of construction sidings now em-
ployed for the excavation of the man diurnal reservoir,

The most interesting feature of these communications 15 the
three haulageways.

The Winch Camp and Pipeline haulageways are both the same type,
except that the latter 1s designed to haul up to 15 ton loads (pipes) as
agatnst the normal five ton loads of the Winch Camp and Brot haulages.

The system of haulage adopted 15 that 1n which a rope shightly longer
than the total length of the track, with a car at either end, makes three
(or four) turns over a pair of sheaves, driven through geaning by means
of an electric motor, and provided with the following brakes and safety
devices :—

A post brake on the motor shaft operated by a weight which is
tripped automatically by—

{a) a foot lever on the control platform;
(b) a mechanical limit trip on the track;
{c) a 15 per cent. over speed governor on the motor, and
(d) by an clectric_solenoid when the current fals or by the
tupping of the main arcwt breaker, which in turn is
automatically tripped by—
(i) a drop in voltage;
(i) an excessive overload, or
(i) the movement of the operator off a spring.supported
standing plate, which takes the place of the usual
dead-man-handle ;
{tr) by the car striking the limit switch on the track which acts
as a back-up to item (b) above.
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21, Hammers, Wrenches, Forces, Tilting furnace, Moulders'
toals, Vices, and other workshop equipment.

22. Sheet rolling machine

23. Angle bending machme

24. Rhodes shtting machine, shits up to 3” M. S Plates.

Of the above, the power hacksaw, dnlling machines and lathes are

1ly those most 1 ployed. The electric welder, shitting

machines, plate rollers, and ‘angle bending machines have all prove:
particularly useful. This workshop is f located
on the Shanan siding, level with the power station floor; associated
with 1t 1s a large permanent store for the housing of spare parts and
general stores

Turning now to road and rallway communications : the first thing
to be done was the construction of a bridle path from Shanan up to the
level of the tunnel adit: thence to Winch Camp at 8,000 feet and from
there along the Hill Top Tramway to B's Neck and thence down to

rot This formed the only means of communication on the works
dunng the first two years of construction, prior to the completion of the
haulageways.

The ralway system 1s brefly as follows i—

Alevel 246" gauge siding 1,300 feet long, from the terminus of the
Kangra Valley Railway, past the permanent workshop and stores to the
site of the power housc, termimating at the bottem of the pipeline
haulageway at R L 4,141  Thence the metre gauge pipelne haulageway
hauls Toads up to [5 tons past the tunnelexit atR.L.5,635uptoa
junctton point at R L 5,810 immediately above it. This haulageway
parallels the pipe line through most of its length and will be used for
nstalling the mam penstocks.

From the above mentioned junction at R. L 5,810 the 2' 6" adit
Tramway runs at a grade of 24 per cent down to the ** detonator spur
Jocated in the Wyer Nala on which has been constructed the compressor
station serving all the southern tunnel headings. From the detonator
spur, the line runs up at a 2 8 per cent. grade to the adit entrance, a tota]
length of 9/10th of amile. This Tramway traverses some very bad
ground and necessitated the removal of 2 large proportion of the hill in
one sechion in order to secure the safety of the formation ; many of the
sidecuts are 140 feet in height and still give trouble during the monsoon.

Returning to the top of the pipeline haulageway at R, L. 5,810, a
second Te,l_rc gauge h‘auhggwey aqu‘i'&e ton capacity continues up the spur

PORKE

From this terminus at Winch Camp the 2'-6" Hill Top Tramway

has been constructed for f3 miles at a com d fr
H n pensated five per cent. grade
across the south-west face of the hill to B's Neck where it crosses xhge ?u'” :
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so far been very successful ; no serious slips have occurred on any of the
haulages and very littledamage has been done during the last three
monsoons

The steep slopes upon which the track has been butlt preclude the
ovossibility of using ordinary broken metal , the stones tend to mount
onto the sleepers and damage the rope, The track therefore has been
pitched with hammer dressed stone throughout 1ts length, the pitching
being built up level with the top of the sleepers for the full width of the
sleepers, outside which are located the two stone pitched drams already
referred to  This system of packing and pitching has proved quite
satisfactory from the pont of view of erosion from ramfall, but is
troublesome 1n connection with the maintenance of track levels. The
track tends to settle after a few weehs' use and the pitching has to be
removed before the track can be packed again  As the life of the deodar
sleepers 15 also hmuted, it 1s open to discussion whether the more
permanent method of construction standard in Switzerland would not
have proved cheaper in the long run | This consists of a solid masonry

upkeep and renewals.

In designing haulages of this type several important points have to
be provided for—

(1) Fustof all, all '~ SEr - o1 - Y46 be made
at convexities ep (hg Tope
on the rollers in mind in
v 1 . I

(1i) The grade of the haulage in each section hasto be so adjusted
as to ensure that the ratio of the tension in the two ropes
as they enter and leave the three or four-grooved sheaves,
after providing for the loads on the cars, the cars themselyes,
the weight of the rope and the friction of the ropes on the
rollers, does not exceed 3'7 for three wraps, and 6'6 for four.
This allows a factor of safety of I'5 as the rope is likely to slip
onthe sheaves if the ratio exceeds five with three sheaves or ten
with four, This necessitates many adjustments of the profile
(often completely upsetting any attempt at balancing cuttings
and embankments) before the final profile can be decided.
To enable this to be done, a diagram and ealculation table has
to be prepared, on which the load on the two ropes entering
and leaving the drum are calculated for every position of
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There is also a hand wheel which enables the gear to be locked at
any time ; and finally electric regenerative braking: this is normal
standard operation whenever the down load exceeds the upload, which
usually takes place with balanced loads whenever the cars have passed
the half-way pont, (due to the unbalanced weight of the rope).

It was onginally hoped to provide each car with the usual safety
device to gnp the head of the rail in the event of a failure of the rope.

his equipment not only greatly increased the cost of the cars
themselves (partly owing to the cost of the equipment and partly ewing
to the fact that they had to be made much heavier and sturdier to

ith d the strain) but d the use of a special type of patented
rail head which nearly doubled the cost of the track. The cars are all
however provided with a screw-on rail-head gnp which is capable of
holding a loaded car to the track on the steepest trade 1n order to prevent
it shufting position due to the elasticity of the rope when being loaded or
unloading at any intermediate point, This device is an essential when
unloading Penstock Pipes for erection.

Particulars of the ropes actually supplied will be found 1n Appendix 8.

These ropes run on soft cast iron rollers and are prevented from
nising more than 12 feet above the track by overhead gide frames to
which stmlar hinged rollers are fitted.

The cars are of an ordinary four-wheel type withlong wheel base.
The wheels on each car on one side are double flanged and those on
the other side flangeless, the flanged wheels on the two cars being on
opposite sides. This enables the cars to be operated on a single track
except at the passing place, where they automatically pass on to their
correct tracks without pomnts and without the necessity of attendance.

The tracks are the ordinary standard metre-gauge using 41} Ib,
rails and deodar wooden sleepers. The track is anchored to a carefully
designed concrete anchor located at every 90 feet. These anchors are
destgned to take not only the thrust of the rollers and track urder
V‘ﬂf}’lnsx‘emgemur‘e conditions, l:ul_lalso that of a fully loaded car

PN A . T pper
of rail
tahing

Owing to the distance apart of the anchors care had to be taken tc
ensure *La ad cesmans SEalL 2T . . .
upon - .
suppl - .o . . .

Considerable attention has been paid to the drainage of the tracks
%0 as to ensure the removal of all rain water from the track at intervals
not exceeding about 100yards  The drains which are fully pitched with
stone on Loth sides and bottom, are carried away well over the water-
shed on cither s1de 30 as to ensure against any possibility of the water
returning to the track at 2 lower level.  The drainage arrangements have
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so far been very successful ; no serious shps have occurred on any of the
haulages and very littledamage has been done during the last the,
IMonsoons

The steep " R TS R T
nossibulity of ue
onto the sleepe : . e
pitched with hammer dressed stone throughout its length, the pitchi

being built up level with the top of the sleepers for the full width of {r}:i

sleepers, outside which are located the two stone pitched drains alread
referred to  This system of packing and pitching has proyed qui}{
satisfactory from the pomt of view of erosion from rainfall, byt js
troublesome 1n conmection with the mamtenance of track levels. Tk,
track tends to settle after a few weeks' use and the pitching ha’! Iob:
removed before the track can be packed again.  As the life of the deod

sleepers 15 also Limited, 1t 15 open to discussion whether the mo“
permanent method of construction standard 1n Switzerland would nug
have proved cheaper in the long run  This consists of a salid maso .
wall under each rail connected by light steel ties at intervals T}:|

maintenance 1s practically nil and there are no sleeper renewals 0elr
system of construction, thaugh cheaper in first cost, doubles main!c‘na o}

n
upkeep and renewals ce,

In designuing haulages of this type several important points haye to
be provided for—
(1) Furst of all. all changes of direction have obviously to be made
at convexities, otherwise it is impossible to keep the 1,
on the rollers This has to be carefully borne in mindﬁ

to the haulageway down to brot on the northern sy
range, in fact the one finally selected was the only s::,‘;i:]}fe
swtable for the location of a haulageway and was only ﬁm"y
settled upon after three years’ investigations. 4
(1) The grade of the haulage in each section has to be so adjusteq
as 1o ensure that the ratio of the tension in the two rq ¢
as they enter and leave the three or four-grooved 5},&“" <
after providing for the loads on the cars, the cars themselves'
the weight of the rope and the friction” of the ropes on iy
rollers, does not exceed 3°7 for three wraps, and 6 6 for for~
Thi's all‘ows a fa‘ctor of safety of 1'5 as the rope is likel

arnnds £ a il shean ok

t foyr,
Y to shy

' . -
"To enable this to be done, a diagram and calculatio
to be prepared, on which the load on the two ro
and leaving the drum are calculated forcevery
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both cars A sample of this diagram s given in Appendix 1.
This difficulty can under certain circumstances be got over by
the employment of a ballast car, which 1s picked up by the
upgoing car when neaning the upper endof the incline thereby
balancing the additional weight of the rope of the lower car.
This arrangement has been adopted with success on the
Winch Camp haulageway, which otherwise would not have
been operable.

(tr) A third condition, which must not be overlooked, is the
necessity for mamntaning the grade at not less than about
11 per cent, depending upon the position of the grade
question an th inchine, and the relative stresses m the two
ropes under the worst conditions. If this grade 1s not
mamtamned, a lightly loaded down.going car may not be
able to mawntain 1ts movement agarnst the friction of its own
rope.

{1v) Another pomt of importance 15 the possibility of a heawily
stressed rope Ifting up a lightly loaded car off its track
and derailing 1t, when the latter 1s located at the lower end of
a concavity on a comparatively flat grade near the top of the
mchine, the rope in question being heavily stressed at the
time owing to its betng attached to a heavily loaded car
located on a steep grade near the bottom of the inchne.

This danger arises because, 1n such conditions, the heavily stressed
ropeattached to the lower car has to pass under and be weighted
down by, the upper lightly loaded car This introduces further
complications in the adjustment of the profile which 1n some condrtions
makes 1t impossible to operate certamn profiles.

In the construction of the Pipelinz haulageway, which has a com-
paratively straight track at an even grade, these restrictions did not
‘a‘ﬂedrghe'?,?f.]erapprcciably : except ghat they necessitated the proviston

These i became of ing importance in i
of the Winch Camp haulageway, which has to Iollr:zow many c\in}::cl;ﬁ:
vertical and horizontal, in order to conform as nearly as possible to the
surlace of the spur before reaching Winch Camp. is in turn neces-
sitated some very costly cuttings and banks which otherwise might have 1
been avoided if a different system of haulage had been installed. Evc:
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with these adjustments of the profile, a ballast car was found necessary
and is in regular operation The use of a ballast car necessitates a
signalling arrangement when approaching the ballast car so as to slow
down the car before buffing. The following horizontal and  vertical
curve radn were adopted .—

Pipeline 500 feet radius for both honzontal and vertical curves.

Winch Camp honizontal 500 feet, vertical 250, 500 and 1,000
feet

When we came to design the Brot haulageway, where the country
1s much steeper, ending 1n a very steep stretch near the bottom end
{incrdentally one of the most difficult conditions to cope with, and one
very mn the Himalayas), the d became even more
formidable than those on the Winch Camp route [t was therefore decided
POy DR T e R P e

length of the cable was found to be excessive, moreover such a drum could
not oe transported to Winch Camp unti] the completion of the pipeline
haulageway. A further consideration as to the type of winch to be
lled was d with the of provid y winche:
which could be nstalled at intervals on the two southern haulages for
their construction.  These haulages were constructed as follows :—

Having excavated the formation, a hand winch was then transported
in pieces and installed about 100 yards up hill. This was used for
hauling up the track equipment until the track was installed up to the
winch. ™ ) R [N N
sufficient
Light 1} tc
1,000 feet, being hauled up in pieces by the hand winch. When two
or three lengths of ** electric haul ™ had been installed, these were then
replaced by a larger electric winch of four ton capacity. These large
electric winches then operated the haulageways for several months
during the installation of the permanent winches and winch houses at
the top. ‘This arrangement necessitated the purchase of at least two four
ton winches, capable of carrying about 3,000 feet of rope.

‘This fact, comhined with the difficulty of transporting a larger drum
to Winch Camp, led us to economise on the Brot haulage by the
installation of two four ton drum winches, one at the top and one half
way down, which could, in the meantime, beused for the construction of
the other haulages. The employment of two such drum winches enabled
us to adopt a comparatively cheap formation, practically following
the surface of the ground, thereby saving a large sum not only on the
formation but also on the winches. This system, however, necessitates
the maintenance of two winch houses and two operating staffs and_the
transfer of the car from one rope to the other half way down. This
immensely slows down the speed of operation and reduces the capacity
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of the haulage This system however is satisfactory for the first stage
of th project but may have to be supplemented for subsequent stages i.e.,
when the times comes for the construction of the dam. As however
most of the loads will then he Portland Cement down hill, 1t may be

“¢ W s P T i thern
(For

an:

ong

v e . ' f 7 wood from the oak

** travelling rope "

.. o brickfield. These
operated steadily for about two years and gave satisfaction )

The construction of the Hill Top Tramway presented most of the
difficulties usually met with on hill roads, but in a somewhat exaggerated
form. About one-third of the formation had to be cut out of vertical
granite chiffs, involving cuttings up to 150 feet 1n height many of which
had to be started from cradles. This work was carried on continuoy,ly
tl’lmughoulJ the wmtcrgy a gang of 50 lspfciallyL cI?tl"led men using an
B R BTl U oRA Wol il TN S RS N n,

ana wasdesigned to enabie the engine Lo be replaced by an electric
motor when power became available. The conversion to electric drive
was cffected as soon as the Dhelu plant was put into operation, and
the machine has since given good service as an electrically driven
compressor

he above described haulage system has now been completed and
1n operation a hittle over a year and it is possible to give some figures
of capital and operating cost+ see Appendices 2 and 3 The figures
quoted in Appendix 3 are based upon continuous operation during the
hours of dayhight, using electrically operated transfer cranes at top and
bottom terminals.

POWER SUPPLY.

Turning now to the arrangements for power ; this is obtained from
two water driven stations, one Jocated at Dhelu on the Gugli Khad three
miles from Shanan on the southern face of the range, and another in the
Brot valley on the banks of the Uhl and using the watersof the Lamba
Dug. The two stations are linked by means of an 11,000 volt transmis.
sion line which supplies 9 small outdoor substations located at the chief
load centres on the works.

The Dhelu station is Pelton wheel driven consuming up to 24
cutsees on 2 head of 740 feet,  The water is collected from two rain.fed
nalas and delivered to a small forchay through 2 flume designed for
2| cusees. The flume is of composite design consisting of cement plas.
tered lime concrete where the ground is suitable, connected by short
lengths of “armco™ on timber trestles. The station is supplhed by
one 18" welded steel pipe with muff joints and contans two
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Pelton wheel driven 3,300 volt 600 kva, 750 r.p m. 3-phasc a]‘emators
of standard design.

The Thujt plant contains one 500 kw Francis turbine driven 400
volt, 600 kva, 750 r. p. m. 3-phase alternator operating under a head of
98 to 198 feet and consuming 70 cusecs conveyed by an open masonry
flume 4 100 feet long froma headworks of rather special design located
onthe Lamba Dag

The pressure on both these stations is stepped up by out-door trans-
former stations of a design simular to that adopted for substations. For
the transmission lines No. 5 copper wire supported on wooden H poles
has been adopted as standard, except on 4 long spans on the south-
west face of the hill at an alhlude of 8,000 feet between Winch Camp and
B's Neck wherc spans of 2, 500 fest have been employed usmg 7/ 04"

U IRV [P - J .

B's Neck, the highest point of the system, the insulation has been doubl-
ed and a set of oxide film arresters has been installed. The system has

d remarkably satisf: ily for the last 2 years, the chief failures
being due to sheets of corrugated 1ron bemng blown off coolies quarters
into the substation waring.

Space does not permit of a more detailed description of the system
but the following points may be mstructive :—

The gaugings made 1n 1922 for the supply of the Dhelu power
station gave two figures, one amounting to 12 cusecs based on the flow
of the niver with as many Kuhls as possible shut off, and one amounting
to 19 based on the observed flows of all the Kuhls added together. An
average of 15 cusecs was therefore, adopted for the purpose and | arrange-

ments madc (or a ol s!andby set. Sub : peri ic

jure
r for
ade)
ot a
. two
staons operate 1n parallel satisfactorily and the sub-division of plant into
A station on each side of the hill has proved invaluable in maintaimng
conlmulty of supply.

T Vooamba Lol deo
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overlooked in selecting the size from the maker’s catalogue. The adoption
of Armco has rendered it impossible to increase the capacity of the flume
after completion  With this exception, the plant has given good service.

e Thuji flume traverses very bad ground and should have
been covered for longer lengths than was done, this resulted in
several wash-outs during the first monsoon till it was covered. The
s;:ccial type. of Jheadwor\(s was on more than one ochasion c‘omp\e!cly
Lotk Lo - cabm il Lk e

danger of suddenly emptying the forebay and throwing off its load with-
out warning  This 1s b:llng‘ overcome by the installation of a load
DA T PR N R .

In order to nrevent the chute wearing out under the high velocities
at which tt_operates, itis necessary to limit the discharge in the flume to
that actually required at different times of the day. With the load
limter installed, it will be possible to adjust the discharge of the flume
to the exact amount required and reduce the discharge down the chute
to a neghgible quantity  This method of operating the two stations in
parallel, re.. wath the Thuji plant more or less permanently fully loaded,
1s rendered difficult by the fact that the Thupi governor is a more modern
and sensitive governor than those at Dhelu. the result is that the
uji machine tends both to pick up and discard load in preference 1o
those at Dhelu  This will necessitate the continual reloading of the
Thuji machine by the operator alter each reduction of load +f the chute
is to be kept empty. It is hoped to get over this difficulty by ** setting
the Thup governor above its synchronous speed but until the load
limlt_[glcvnce has been installed this cannot be tested.
' ise in operati were made 10 enab
Thuji station to be operated by remote control from the compiss‘s};:
station about half a mile away where a permanent operating staff has 1o
¢ employed in any case are now being made to add a load
limiter and thermostat on the bearings ; experience has shown that with-
out these itis inexpedient to leave the plant unattended
The pipeline of the Thuji plant is of rivetted steel plate, manufac-
tured in Calcutta, and has given entire satisfaction. '
Particulars of the capital cost of these two plants and also the
annual cost of operation and resulting cost of power will be found in
Appendices 4 and 7.
Tunnel plant.
| U PR S RN St I A

1ent has been installed |

on the south side ad- |

‘ * tunnelling and sin}ing i
\
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driven in one mam heading
200 feet adit approximately
the Wyer Nala in a north-
. rn end of the tunnel 10,500
feet from the northern portal and approximately 3,200 feet from the
surge shaft. From the head of this adit two mamn headings are being
driven, one towards Brot and the other towards the surge shaft.
Simultaneously two pipe tunnels, each 1,200 feet long, are being driven
in from the tunnel exit to the surge shaft, and a surge shaft, 380 feet
deep, sunk from the surface.

A compressor ' ' ! e o
two and three 600 ¢
each compressor 1 . . '
of 120 B H P.at 363 r. p m. suppled at 400 volts, 3-phase
from the adjacent out-door sul o each is con-

p i

nected a recewver to store 160 c. ft of airat 120 lbs /square inch
from which a 6" wictaulic jont steel delivery pipe runs up to
the heading, with (on the south face) 2 tee connection for the
supply of the pipe tunnels and surge shaft where another receiver
13 located, from which the supply is continued down the pipeline,
serving the power station and workshop area. When the two
headings meet there will ba five mules of compressed air piping installed
guaranteeing a supply of air at 100 Ibs. per square inch at practically
every pont on the worlks. |Th-s rsyste‘n) ha‘s s?|far'given‘ good service

Qauge 1€spELLIVElY WHEN TUNIING AL 1,JUU I p. M. 1NEy can exnaust
6,000 ¢. ft. of air per minute at 40} and 651" water gauge vespec-
tively, when runat 3,000r.p.m Both motor fans are provided with
voller bearings and require 210 horsepower at full speed but only 39
B. H. P. at "62 power factor at low speed. One blower alone is now
being used during the early stages when the heading is short, As the
heading lengthens, the other blower will be used and eventually both
will be runin series. The two blowers cannot be operated in parallel
owing to their different characteristics, which tends to cause surging
and resulting loss of efficiency. The suction and delivery pipes are
intercor---+-1 L - Ty e e L1,
reversec v L]

immed .

to sup .

heading

capable

at 3,000 -

similar

sent be .
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2. mar ~f emaaia] design, and are not reversible.
16" diameter sheet steel duct,
~ese manufactured in India and
it was found more satisfactory to manufacture them locally of 1/8th
inch thick steel sheeting welded and built up in the Shanan workshops.
These latter, manufactured locally, have given entire satisfaction and are
being used by degrees to replace the nvetted pipes of Calcutta manu-
facture which have never given satisfaction

For driving the main headings light hammer drifters have been
standardised These are of the Ingersoll-Rand N-72 and 74 pattern
capable of ziving 1,500 to 1,800 strokes per minute and driving a 13" hole
in granite, 81" deep in a minute: To enable the drills to be mounted
and dismounted rapidly, a dnll carnage of the Stearns-Roger type,
{as found so useful in the Moffat tunnel) was obtained for each heading.

ese carriages enable four dnfters to be run up to the heading and put
into operation ) y, and are provided with air and water
manifolds so that only one main connection has to be made for each
service. For sinking, surface work, and driving in soft rock, medium
weight hand hammer duills of the Consolidated Pneumatic Company's
C. P -5 pattern have been standardised and have given good service,

During the early stages several cases of mumer's pthisis developed
due to the use of dry drills of the light type purchased for use above
ground. When the wet drlls were first put into operation, difficulty
was experien R ' !
tion, This
ments which
was originally
ence shows that progress cannot be assured with less than 100 per cent.
spare dalls; this then enables every dnll to be entirely overhauled
every seven days  The dniving of the main headings has not yet reached
the gramte core of the hill and most of the driving has been in soft to
medium mica schist, so that few opportuntties have existed for a satis-
factory try out of the heavy drifters, in fact some 80 per cent of the
driving already done has been with hand hammer drills  Experience
shows that in this country Indian labour prefers the use of hand hammer
drills, in fact it is difficult to_procure dnll runners with any experience
in the use of the drifters. These machines are heavy to lift about and
bandle and it is for this reason that the carriages were_purchased. There
is undoubtedly a prejudice against the heavier drills and disciplinary
measures have at times lgce:m reforllcd to to :r:fo!ge‘(hsir use whenever

. necessitating the partial
by defeating the main
“ain modifications have
-, . ELr e, et v experience of driving |

machine (descnbed below) to pass the carrias
T Sara o, R -
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in the hard gneiss, it is impossible to express a reliable opinien on the
use of these carrages,

Each heading is served by a 50 1b/yd 2' 6" gauge standard rail-
way track. With this equipment derailments seldom occur, but the
labour involved in connection with the dismantlement and re-erection
of the turn-outs on the double track near the heading caused serious
delays in progress This difficulty has been overcome by using a 20 1h,
turn-out and siding laid on the top of the 50 1b. with a pair of ramps.

. '

e R L (R} P

mate.

All rolling stock used on this tramway, mcluding the mucking
machine, electric loco and tip trucks, have to pass through a {our feet
square loading gauge in order to enable them to traverse the inside of
the cancrete centring car. One yard tip trucks of special design had
therefore, to be made for this service  Several minor difficulties were
expenenced with the design supplied; these defects have now been
recified by modifications made at site, the most 1mportant of these

eing 1—

(a) The centre of gravity of the tub as originally received was
too low. Thts has necessitated the lowering of the trunnion
on each side of the ?ub to raise the centre of gravity to en-
able the tub to be tipped by one man.

{b) The axle box straps were of too small section originalty, and
moteaver were only secured by one bolt at either end.
It was necessary to put in stronger straps and to secure them
by two bolts at each end instead of one.

(c) The truck-bodies as delivered to us were carried on the axle
box by springs These springs fatigued and broke, and
1t was necessary to remove them altogether.

(d) Solid bar coupling made from loco to first truck.

(¢) Coupling pin box on tubs cut away on each side.

Above are to avoid derailments round sharp 55 feet
radius curves.)

(f) Angle jron at the back of couphing pin box cut away so that
hinks forced back when trucks are being pushed do not
jam

(¢) Onc _ coupling link (the forward one) fixed to truck by
putting 2 cross peg in the coupling so_ that latter can only
be taken out by a fitter. (This ensures that link is always on
the tub and has not to be hunted for.)

Tip trucks are temoved and dumped in rakes of 12 at a time by the

electric loco which has so far operated on its battery in the tunnel
headings. As the lining is completed a semi-permanent trolley will be
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LIPOR | B U |

Electric firing has been standardised throughoul on all main head-
ings. The cut holes are fired 1nstantaneously and the inner and outer
rings in two stages of delay, for which special delay action electric
detorators have been imported. These are all fired simultaneously
but the delay detonators have short lengths of time fuse which take 5
10 seconds to burn before firing the detonator. The 10 second
fuses are not very reliable Power for firing is taken from the lighting
main by a finng transformer reducing the pressure to 110 volts, This
transformer 1s located about a thousand fect from the heading and
moved on as the heading proceeds; the finng swatch is kept under lock
and key. The disadvantage of this method is that it 18 impossible to
know when a musfire has occurred and on one occasion due to some
bad explosive a charge was dnlled through and blew up the whole
drilling crew This has been the only sertous accident on the works
to date and was ble to d direct
from England and held 1n stock on the works for two years before use.

As the governing factormall + - - STt A
remove spoil after a blast, particular
1t was therefore detided to import +
type which had been found so successful in the driving of the Calsklll
Schandaken, and Hetch Hetchy tunnels. This machine consists of a
shovel of about } yard capacity, operated by levers and cams and mount-
EEET IR 4t el =+ =min front o( the carriage. It
belt which in turn delivers to
» ch again discharges into the tip
n’ucl: lou(cd at the back end of the machine.  The machine 1s electrcally
dnven through clutches from one 3-phase induction motor supplied
by a cable on a reel. The designs originally supplied were quite
satisfactory until water was met with, when both the motor and electric
Th 4 {nﬂer Lw}uch the

been provided with complete water-tight equip hroughout and are
of an improved pattern.

In order to enable any one machine to be used on either of the two
headings driven from the adit, it was of course necessary to reverse the
machine. This cannot be done on a turntable owing to its length and
necessitated the  construction of a triangle outside the compressor




Construction Plant and Methods used eto. 23

station. Taking into deration the \[! ditions under which
tbn mashinae hava warked in anr wet and dancerans tunnels, the ser-
\ . . h both labour and

For supplying power for the mucking machines, pumps, electric
light, charge finng, and the loco trolley, four electric power services
have been installed, one 3-phase 400 volt cable for Lighting and firing
and a 200 volt trolley for the locomotive. Each tunnel is also provided
with a 27 pipe for water supply, and the northern heading with a 6 steel
pipe for the drainage pump delivery. The erection, maintenance,
dismantlement for lining and semi-replacement after lining, has pre-
sented one of the greatest problems in the project. The space taken
up by all these services in the unlined heading 1sinany case considerable,
and the space available 1s shll less inside the finished lining ; but in the
centnng car 1tself, where the space is even more restricted, the difficulty
of finding room for all these services has necessitated the restriction of
all rolling stock to a four feet square loading gauge. The arrangements
finally adopted are shown on plates Nos. 1 and 2. For these reasons
the very greatest care had to be exerted to ensure the services being
properly and neatly erected m the positions assigned to them.

For the maintenance of plant, equipment, timbering, and the re-
conditioning of drill steel and repairing of dnills, each heading is provided
with a large smithy equipped with an Ingersoll-Rand forging machine
and a furnace, the latter being charcoal and o1l fired on the north and
south faces respectively. At the north face, a small temporary workskop
has been added to enable immediate mmor repairs to be carrted cut at
site. The two hern headings are self-d so the ion of
pumping hasnotansen  Inthe north heading however, a semi-permanent
pumping station had to be nstalled at the tunnel entrance to clear the
water delivered by other pumps from the heading as well as the local
dramnage in the tunnel entrance ramp and the surrounding area.
To reduce this latter to the minimum, two catch-water drains have been
constructed on the hill sides abcve, and a third draining the hill
below, and discharging in a flume across the railway cutting leading
into the tunnel 'I"lll_is has {edlx[ce:i thi amount of the drainage water

P RN ~eem==n and rainfall on an
. \tation contains one 4°
) - ! ey
‘The seepage - - ) -0 ' '

of 2emall 2, | T
two four-inch pumps are kept in reserve. These pumps are all direct-
coupled motor driven, on a self-contained bed plate, and can be disman-
tled and shifted without difficulty. Even with this comparatively small
ﬂovlv and thc'tw‘o 2" pumps l‘e_ferrefl to, the dijﬁc-:his.olf vater accu-
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adjust the floor levels before proceeding.  The effect of this alteration in
procedure was immediate and practically doubled the weekly pro-
gress; it is now standard practice on this heading. The following
maximum daily, weekly and monthly rates have so far been attained on
the northern heading where the conditions have been most favourable .—

(1) Maxi 1n one day (N ber 13th, 1929), 13 feet.

(1) Maximum in one week {ending August 17th, 1929), 62 feet.
(iif) Maximum in one month, (August 1929), 209 feet.

render 1t out of the question to leave any timber or orgamic matter be-
tween the lining and the rock Where, therefore, the rock is so bad
as to make it impossible to remove timbering before liming operations are
started, steel trames of special design have been inserted in place of
Slmbcr._'lz.acked wxsl} remforc'ed pre-cast concrete slebls in pla‘ce of slub;

bad as to necessitate continuous heavy timbening, as has occurred in the
main southern heading at D 530. Under these conditions the
steel frnr?es are too light, and once they get bent or out of shape it is

. pLilaee Ta g al oalesan. K Dl I

made to secure high pressure grouting pumps capable of forcing grou;
into the rock fissures to a considerable depth under pressures nsing to
600 1bs. per square inch. This system practically converts fissured
rock into a solid conglomerate for a depth of 50 to 60 feet all round the
tunnel and is the only known method of rendering such rock impervious
under hydraulic pressure.

The major problem in connection with the tunnel is associated with
the arrangements for driving and hning simultancously. The finished
diameter of 9°3" is about the minimum that it is possible to drive and hine
simultancously. The modem cquipment necessary for rapid driving
and the high standard of work needed for the heavy internal hydro-static
T iss0 1 d 1 that even with this diameter
the problem becomes extremely difficult of solution. The following
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isa brief sketch of the ar so far projected and leted for

the lining. The system herein descnbed was worked out in detail two
years ago and forms the subject of a ** Technical Memo,” upon which
the purchase of the equipment and the methods of dnvmg and lining
were based. Up to date no serious modifications of the system have had
to be adopted but as it has not been put wholly into effect to date, it is
too early to judge of its complete suitability.

No concreting is permissible within 1,000 feet of the heading, When
the heading has proceeded for 1,000 feek clear straight, a series of 8”
rolled steel joists are laid across, three feet apart extending for a
length of 576 feet Upon the frame a double track is laxd ata level

below the invert. Thisis thcn concretcd up along witha correspondmg
length of invert. As soon as the front 80 feet length of this has set,
AP €, Q L

+ Taaat o SENEUNE S LRPRRA D I R

tms car thefe 1s then asingle 2-0° track contimuous with that nlreauy
N NP et N o) e el et aia b 1Y

when this has set, the Imsts over the new lengtn of nvert are snitteg
forward another 40 feet, the concreting car collapsed and shifted forward
40 feet and the process nf laymg and concrctlng repealed For thcse

laying and shifting of **" S R |
problem is associated .+ -+
fe-ctection fora weel + * + v -

For thispurposeeach =+ "
formmg part of and

cables etc., through the car before starting to concrete.

Concrete will be proportioned and despatched dey from the depot
at the tunnel cntrance m congrete dump cars. It will be wet mix
aquart- --=d —teas oS ot Totad e e e or
itonth . ; the
actual . . . At
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the time of writing, the equipment iz being installed far the first timg in
the northern heading : it may be posaible to give the vesults of practical
experience when reading the paper.

For the disposal of the drain water while laying arrangements are
being made to instal a precast concrete drain pipe in a channel cut in
the rock below and outside the lining. This will be laid in 40 feet
Jengths ; at the end of each a precast concrete man or hand hole will be
inserted, into which weepers will discharge during the process of laying
and which will afterwards be used for plugging the drain pipe at every
40 feet interval with concrete and grout, after the lining has set and 15
therefore capable of taking the ground water pressure,

In places where the rock is not strong enough to take the internal
hydra-static pressure of the tunnel, when tranemitted to it through the
Yiming, the inside of the lining will bz faced with a mantle of reinforeed
gunnite 6” thick, capable of taking the full hydro-static pressure of
the tunne! without support from the surrounding vock. The rings of
reinforcing bars for this mantle will be i?_inled by arc welding at site
b it B T W o -

[
. .. ) e e
experience of this type of work elsewhere. These contractors will
supply their own cement guns and welding equipment, particulars of
which are not at the present moment available,

T Sale e Y 1 1. T
»

. . . . . .
‘I'hus will enable grout to be forced jnto the rock and inta'the small
spaces behind the Jining up to pressures of 300 lbs. per square inch.
This machine has not yet been put into operation and no operating
experience can therefore yat be quoted,

Further particulars of costs, horsepawer ¢tc., will be found in the
appendices.

My grateful thanks are due to Captain Kenyon, Mr. Bruford, and
Captain Guthrie for the assistance they have given me in providing the
necessary information and data quoted in the paper, and to Mr, Heath
for the interesting landscape sketch.
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LT gitimein

. practical

For the disposal of the drain water while laying arrangements are
being made to instal a precast concreté drain pipe 1n a channel cut in
the rock below and outside the lining. This will be laid in 40 feet
lengths ; at the end of each a precast concrete man or hand hole will be
inserted, into which weepers will discharge during the process of laying
and which will afterwards be used for plugging the drain pipe at every
40 feet interval with concrete and grout, after the lining has set and is
therefore capable of taking the ground watet pressure,

In places where the rock is not strong enough to take the internal
hydro-static pressure of the tunnel, when transmitted to it through the
lining, the inside of the limng will bz faced with a mantle of reinforeed
gunnite 6" thick, capable of taking the full hydro-static pressure of
the tunne! without support from the surrounding rock. The rings of
reinforcing bars for_ this mantle will be jointed by arc welding at site
and the gunnite applied by cement guns. The application of the gunnite
to a complicated remforcement and jts building up to 6* thickness in the
inside of a tunnel requires special skill and experience, and arrangements
will be made to have this carrjed out by contractors with previous
experience of this type of work elsewhere. These contractors will
supply their own cement guns and welding equipment, particulars of
which are not at the present moment available,

For grouting up the rock and tunnel Yining a standard high pres-
sure Canmf grouting plant is heing purchased, in connection wﬂi which
amotor driven high pressure Booster compressor has been purchased,
This will enable grout to be forced into the rock and into the small
spaces behind the lining up to pressures of 300 lhs. per square inch,
This machine has not yet been put into operation and no - operating
experience can therefore yet be quated,

Further particulars of costs, horsepawer etc., will be found in the
appendices.

My grateful thanks are due to Captain Kenyon, Mr. Bruford, and
Captain Guthrie for the assistance they have given me in providing the
necessary information and data quoted in the paper, and to Mr. Heath
for the interesting landscape sketch.
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. Rope tension diagram and caleulations,
. Capital cost of haulageways.
. Operating cost of haulageways.

Capital cost of power plants.

. Cost of different types of plant and equipment.
. Horsepower of various types of plant.

. Operating cost of power plants.

. Particulars of haulageway ropes.

Particulars of electric }
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APPENDIX 1.

METHODS OF CALCULATING ROPE_TENSION AND
MAXIMUM PERMISSIBLE RATIO.

The maximum permissible ratic of T to tis expressed by the
following formulla :~—
l‘ = ¢Us ¢c)
Whete e == Base of natural logs:
U, = Friction cocfficient of rope to sheave.
¢ == Total radians of contact between rope and sheave,
Slip may occur at about Uy =10,
For 3 and 4 wraps of the rope round the sheave ¢g¢ = 930° and
1320° .., 1623 and 23 radians vespectively.
The limiting value of 3 then is :—
e 82== 507 for 3 wraps.
e?® — 100 for 4 wraps. .
The maximum working figures for % actually adopted by us
are :=—
Pipe Line, 367, where there are 3 wraps.
Winch Camp, 655, with 4 wraps and a ballast car as well. .
The rope tensions (T and t) are found as follows =
The rope tension at the winch with car at any point X of the rape
s the sum of the following 5 items =
(1) Stress due to load of car onslope at point X .. = W_sin 6,
(2) Rolling friction of car on track at 25 Ibs per ton. =2 x¥in o,
(3) Load due to the weight of the rope from the top
of point X . = Wr ZLX4gino,
(4) Friction of the rollers due to the weight of the
rope. = W ZLxcos,
(5) Friction of the rollers due to the stress of the
T0pe on curves. =U T, éc.
Where Ty, s=items 1-4-2+ the mean of 3, 4and 5, in that length, 7,
= ftems 1 4+ 24 3E4EE
and where ¢ = Angle of slope.
W, = Weight of loaded car,

W — Weicht of rone per font rim_
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SL = Total length of rope from top to the point X,

U, = Cocfficient of friction of rollers, usually taken a5
0315,

== Total citrvature 6f rope (both vertical and hotizontal)
on rollers, added up from top to point X in radians.

Attached is a sample table showing how the rope tensions are
conveniently calculated.

Owing to the low speed at which these haulages operate, (see table
below) the starting acceleration is in any case very small. 'hlis is still
further reduced by the effect resulting from the gradual tightening up
of the rope on concavities which acts_like a spring and brings stress
onto the rope and winch very gradually. The following further
particulats of the pipeline and winch camp haulages are of interest :—

?,

<

Particulars. Pipeline.  { Winch Camp.

1, Speed . .| 141° pet min) 219’ per min.
2. 'Time of tnp . .. 35" mins. 30 rmuns.
3. Horsepower e V| 106 107
4. Diameter of sheaves .. | oy 82
5. Net weight of car .. w| 4 tons 37 tons.
6. Net load . L1520, 5,
7. Gron load . o192 88 ,
8. Max. fotce on circumference _of|

it I I 5

"

T
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APPENDIX 3.
Particulars of haul: ¥ operati
JAnnual expen-
O ]
| lumped.
\
Col.| 1 [ 2 3
\ I
| R
1 | Operating Establishment o~ 12,000
2| Loading and un]oadlng of goods at
termmal stations . 9,500
3 | Materuals for mamtenance of machi-
nery .. 3,100
4 | Track maintenance establishment .. 11,900
5 | Matenals for track maintenance ., 250

6 | Total of operating and maintenance 36,750
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APPENDIX 4.
Captal cost of potocr plants.
DEELD. Tuog
Ltem Particulars [Restarks.
No Cost | CostyKw | Cost | Cost/Kw
| Rs limstalled | Bs |nstalled
Col. 1 2 3 4 5 6
1| Kws nstatted 900 Kw 480 K
: - —
| T Q Rs Bs Bs
2 | Headworks, Buroeand! |
forebsy 1,6«1,005) 182 | 147492 3075
3 | Prpeline g rwsesl  wos 27,900 58
4 | Power Statuon build- }
tnigs, cranes, tail- '
race, overflowete | 52,195 58 | 41,804 875
6 | Generating plant,

switchgear, trans-
formers and machi
nery

Total

1.47,084L 1635

90,834 189

4,34,5021

483

308,030 612
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APPENDIX 5.
Cost of different types of Plant and Equipment.
Item Cost in
No. Particulars rupees.
Col 1 2
Rs.
1 | Dnlling and blasting plant for Hcadworks Tunnel,
Pipeline and Quarries 3,48,000
2 | Ventilation plant for Tunnel 152,000
3 | Tramway, Rolling Stock and Locos for Hcadworks,
Tunnel and Power Station 6,53,000
4 | Lifung and winding gear and wmc}les for Head-
works, Tunnel and Power Station .. J 110,000
5 Unwatenng pumps 000
6 | Mucking machines, excavators for Tunnel Power
house and Headworks .. 1,91,000
7 { Crushers and screens for Power House and Head.
works 79,000
8 | Conerete mixers for Tunnel, Headworks and |
Power Station 34,000
9 [ Concrete gun grouting machine nnd cement guns
for Tunnel and Power Stations .. 38,000
10 | Forms for Tunnel, Headworks and Power Sta.
tion .. 90,000
11 | Temporary worl\shop at Headworks .. 17,000
12 | Rivetting plant for plpclmc . 10,000
|3 | General Tools and Plant .. ,00,
Temporary water supply for Headworls, Ttrmn‘
and Power Station 34,000
15 | Lime mortar and mixing plant 6,000

Gross Total

.. 21,25,
p—
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APPENDIX 6.

Horsepower consumed by various types of plant.

Ttem Type of Plant. Horsepower
0. consumed.
—
Col. 1 2
I | Pipeline winch . . .« 120 HP.
2| Winch Camp winch .. . ..| 120 HP,
3 | Each Brot Winch . . ..| 50 HP.
4 | Each electnc loco .. . ..| 25 HP.
5 | Each mucking machine - ..l 10 HP.
6 | Each blower set .. .- .| 220 HP max.
38 HP min
7 | Each 600 feet compressor .. ..\ 140 HP.
8 | Each rock crusher and sand roll equipment ..| 60 HP.
9 | Motor generator set .. - ..] 80 KW.

The total installed kilowattage of the system is 1,750 Kws. The
ma)umum peakload so far experienced on the whole syskem 15 600 Kws ;
the versity factor actually exp ed is %]

With a peak load capacity of 1,080 Kws, and the same diversity
factor, the maximum horsepower which can be installed on the system
without additional plant is therefore 3,240 Kws

e -
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APPENDIX 7.
Operating costs of power plant.
ftem I
No Particulars. Thuji. Dhelu,
Col 1 ) 2 3
1 | Peak load capacity .. .| 480 Kw, | 600 Kw.
Rs. Rs
2 | Capital first cost .. . 3.08.030l 4,34592
3| Credits on completion .. . 31700% 80,000
4 | Net cost to project . . 270330 3,54592
5|D 5 (
epreciation at 25 per cent (so as to wipe;
off cost in 4ayearspof construction) .. 67.582| 88,648
6 | Interest on first cost at 5 percent. .. |5v400\ 21,730
|
7| Annual operating cost .. .- 7500 20400
|
B | Total annual cost of generating power .. 90.48?.’ 130,778
{
9] Cost per Kw. year generated 1835 | 218
I
10 | Equivalent cost it generated on 8 . ;
Y50 pere:cn:.o !loapde rfa‘:llclrr basis 82pies 95 pies.
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APPENDIX 8.
Particulars of haul ropes 1 Hed.
1
Pipe Line, Winch Camp.
Length 1,600 metres 2,130 metres
ize 36 m/m diameter 28 m/m diameter
Quality of material Best plough stecl. Spectal acid grade
1607175 kilos per square m/m
Construction Flattened strand 6/24 (9x 12x3).
Approximate weight per
metre. 56 kilos. 3 41 kilos
Actual breaking stram 7867 tons 48 13 tons
Diameter of wires 9 outer 32 m/m. 249 m/m
12 tnner 13 m/m. 102 .,

core 213 m/m 168 .,
Tests on individual wires 32, 1'3, 2’13 m/m 249, 1 02, 1'68 m/m.
Breaking stramn Ibs. (average) 2940 483, 1302 1775, 294, 809
Elastic limit %, to 70 % of ultimate breaking strain of
any one wxre
Minimum elongation in

100 diameters 3% 3%
Mimmum torsions in 100

diameters. 35 35
Minimum bends of 180°

on 5 m/m radius 4-5, 16-18, 9-10 7-8,22-24, 15-17
Lay of rope 276 m/m. 210 m/m.
Lay of strands 4, 95 .
Outside dimenstons of

Reels. 6 1"x6" I"x4' 7" 5 11"x5 11"x3" 9"
Gross weight of Reel pack-

ing for shipment. 9% tons 73 tons

Material.—The wire from which the above ropes were made was
drawn in one continuous length without welds or hrazes.
Lubrication—The ropes were lubricated during manufacture
with Craddock’s special Rope Composition.
The maximum rope tension when ascending with an acceleration of
1/3 of a foot per second amounts to approximately 11,820 Kg. in the
case of the Pipeline, and approximately 8,070 Kg. in 'the case of the
Winch Camp Line, which gives the following factors of safety against
breaking =—
Pipeline approximately 675
Winch Camp Line approximately 605
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APPENDIX 9.

Particulars of Electric Locomotive.

The loco is of the combined battery—trolley mining type

Battery.—112 cells, Edison Alkaline, Type A/6

Voltage —1'5 per cell on open arcuit  Effective volis = 168,
LUine Voltage on trolley = 220.

Two motors of 25 HP. each.

! Tractive effort.—Maumum=4,500 Ibs, at 4.8 M. P. H. on 220
volts D, C,

Hauls Z5tonsup a 3'5 per cent. grade exclusive of its own weight,
or about 90 tons gross on the flat.

The motors which runat 850r. p. m are located with thei\: axles
parallel to the frame and the torque 18 transmitted to the main axle
through single reduction phosphor bronze bearings with ball thrusts.

. With the exceptions noted below, these locos have given entire
satisfaction.

The trolley poles are too long to swing in the tunnel so that they
are only able to run in one direction on the trolley m the .runnel. This
difficulty has not yet been solved but 1s under consideration.

We originally specified Davies C;nmfugally cast steel whegls.
These were unobtainable in the size requited and the wheels supplied
are toa soft and suffer from excessive wear,

The brake blacks are much too hard and are of a peculiar shape ;
they pressed on the flanges and wore themout.  These are being modified
and Lignum Vitae substituted.

Weights of Loco—

Loco with battery . .. [0 tons,
Loco (Trolley only) . .10,

Note.—~Counterweights and Battery weight—3 tons. Loco is not
fun without :—

(a) Batteries on the Battery-Trolley Type.
(8) Counterweights on the Trolley Type.
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DISCUSSION,

onel B, C.Battye—In introducing his paper said that the main
f the paper was Just to pass on to them the valuable expenence
ey had gained during the last three years i the desigmng and
on of their construction plant and 1 doing so he had endeavour-
ut before the Congress the fullest possible facts, wherever they
le mistakes and wherever they had hadtrouble 1t was his experience
n learn little from success but much from failure, hence he had
put forward every feature of the construction plant used on the
ilectric Project, There were one or two things he had forgotten
h he wanted to draw attention.

ssure of work had prevented his producing the chart or diagram
ydraulic works on the north side of the hill, to which he had drawn
n, as Drawing No. 7 on page 6

th regard to housing there was little to add except that they
| to provide housing accommodation for every man on the works
as water-supply and samtary arrangements

nstruction Plant,—There were a fow comments to add to what
{ already said. Since wnting the paper they had been able to

ate the value of the crushm:g \plant and sand rolls and that by
ne T P T da af sha

raratn shat

ning to roads and haulages, at the time of wniting the paper, he
+in & position to gwve any definite nformation with regard to the
which ha% led to the necessity for dismanthing and re-erecting the
« winch house on the new site  Nearly twenty months ago after
started to dnve the headings of the two pipe tunnels, which run
sath thepipe line haulage winch house, and which 1s about hundred
fect above, having got 1n about 50 to 60 feet they noticed that the
meduately above the portal had subsided, thereby endangering
ndations of the winch house.  All tunncl driving was immediately
1 and a strong anchorage constructed in the heading to hold up

and prevent further subsidence This consisted of bunches of
ails, the joints between the bunches of rails being made by embed-
em in concrete, and was designed for a ground pressure of 500
This stopped all further movement and enabled the ewssting remn-
toncrete portal to be mstalled during the next six months, Driy-
\then started agam but three months later, the winch Legan to take
e power than was normally required and gave indications of being
‘alignment.  Levels were taken and 1t was discovered that the
jons had settled : meanwhile the winch Fouse stself and the found-
1ad cracked in several different directions. It was immedaately

to dismantle the winch house and foundstions and ta_re-erect
ole winch on top of the spur 200 ft. further back. This site
s the driver of a view down the haulsgewa, but ensured a secure
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foundation for the future. The new foundation had recently been lid
and 1t was anticipated that the winch would be working again in a few
weeks' time, It had been thought at one time that the damage was due
to blasting but tests proved that this was not the case and there was now
no doubt that the whole site had settled a fraction of an inch as a result of
the cracks that had taken place 18 months before  The trouble was due
pattly to the absence of a portal, but more particularly to the cavitation
that had take= =de-a = tha Lasdions 3w sl S sl sl e Ll
tunnellers w

labour had -
through any

One interesting thing that happened was that m shifting the winch
house 200 feet back, they had had to add 200 feet to each end of the rope.
ey knew of no means of satisfactonly jointimg such a rope ; the Swiss
Government did not allow passenger traffic on a spliced rope. The
problem was to design a joint which would enable the rope to traverse the
rollers or otherwise to purchase an entirely new rope 6,000 feet long.
The difficulty was overcome by the introduction of a joint car
at a pomnt 200 t et 1n front of the main car the jomnt car would stop
at the winch leaving the main car to stop at the ongnal transfer station,
the site of which had not been shifted This enabled all the additional
rope to be obtamed from spare lengths available at site and  therefore,
without any extra cost.

There was a misprint on page 17 of the pager where instead of * 98
10 198" 1t should have been " 98 to 108", Their power supply had
so far been adequate and they did not anticipate any shortage of power:
that was probably due to the diversity factor being higher than they had
thought ; it looked as »f they should be able to get through without any
additional power  The only trouble they had had was with the Thujt
Tume: certain lengths of this traverse very bad ground: leakages hed
occurrgd with resulting settlement This had caused several ** shut-
downs ", but the difficulty had now t--- -- - - t ot
trouble had now been greatly reduced
in the methods adopted for laying 1
traffic, but it was too early to be able to give any hnal conclusions.

Mr. Freak.

. Colonel Battye has described an elaborate method of concrete mixing
by water ceme it ratio methods. These methods no doubt give a can-
rta ol gt mbeem b sl sl TrE e 0 COURLETE G
‘. - + hether
E extra
Caprimt, 1€ lugnes aibwabIC Suessts  bee t altowed, 1t so, what has
been the saving in comeenta et copnn RE . f
the special staff to = = = v | el
use the hydrsmeter s . I Lo e
the laboratory toget - - .. . -
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would also ask what happens when the sun comes out or there is a shower
of rain? Does concrete mixing have to stop while a fresh hydrometer
test is made? He would enquire why mixing by the full bag method has
not been used so as to avord the weighing of the cement ?

For running haulageways, electnic power was required during con-
struction, but the spealer would enquire whether the two temporary
hydro electric power stations put in were the best means of getting that
power, The hydro electric plant being only swited for the speaific head
and quantity of water wall have practically no second hand value. The
fist hydro electne plant at Dhelu owing to an error in the size of the
flume, cannot give the power for which 1t was desizned, whilst the cost of
the carriage of the second hydro electnic plant to Thup must have been
very costly,

The speaker would suggest that oil sets on the Duesel or semi-Diesel
principles such as were used at Subhur should have been installed , with
these the amount of power available would have been certain as agamnst
the doubtful quantity of power due to lack of water for the Dhelu hydro
electric set Ol driven sets of standard pattern could have been readily
purchased and quickly installed and so allowed construction to have

en put 1 hand quicker  Most important of all, arl driven sets would

ve had a useful second hand value on completion of construction  For
the subsidiary hines such as air comp concrete mixers, the
author had adopted electric drive n every case, which agan will mean
that the machines will have hittle or nio second hand valus in India. The
usual practice 1 to have a separate oil engine for each machme and then
the machines would have been standard and would have had a useful
second hand value. .

With electric devzn machmes, commencement of work had to be
delayed until electric power was available

The author mentions an eletric driven excavator ; the speaker would
enquire whether there has been sufficient work to justify an excavator at
alll This again being electacally daven will have practically no second
handvalue  In the figures for the cost of the excavation with this machine,
1o detail of the lead has been given heb brick .

i the housing, in the beginning brick panels were
el 2 L‘{:‘,ﬂ;f;ﬁiﬁfﬂpaﬂdea el The spcser vould i wlich
method has been the cheaper and why britks were ever adopted with the
bad brick earth available at the site?

Mr. Mool Chand Sharma.
he rivers of the Punjib and compar-

; f 4 3
o e descoled tggc‘::f;‘::g:f the Ul (Beas). it ieference o' the
working of the Draglme he wished to, ask Colonel Battye what was the
interest and depreciation referred to in the last sentence on page 7 of
s paper ; Ths lowest cost in any en¢ ;n}on!h s;‘dmr‘:: °fb‘.“'"“t and
depreciation on the machine) was Rs. 34-2.3 per thousand cubic feet. He 7

N i
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said that in Delhi he had been able to do similar work at Rs, 20 for the
hardest sandstone

L. Brij Mohan Lal.

He referred to Appendices 4 and 7 and enguired why the peak load
capacity for Dhalu was 600 kw only when the kws. installed were
900.

As regards the points raised by Mr. Mool Chand, about the excava-
tion cost, he s3sid that the usual rates for excavation of rock by blasting
in the Kangra Valley were Rs 40 per thousand cubic feet. Inthe Uhl
River Project the cost was Rs 34-8-0 per thousand cubic feet by the
electric excavator excluding depreciation and interest chargss,  He said
that the cost mught come to Rs 60 per thousand if the latter were includ-
ed. ‘Thus the work of the excavator was too costly.

Mr. Nicholson.

He referred to the methods adopted for the transportation of plant and
machinery to the Headworks on the other side of the hill, and enquired
if it would not have been preferable to have dnven the tunnel heading
first and take the matenal for construction of the works in the Brot Valley
through t.

This would have saved the extra haulages over the hill.

Colonel B. C. Battye (reply)

Mr Freak's points were 1n connection with concrete, He did not
hope to save money by getting more highly stressed conerete and using
higher stresses 1 the design, the chief effect of this method was:—

(1) That they could get more umformity in their concrete, the
result of which was that they could be certain of their
concrete  When lining pressure tunnels, where there can
be no question of ever being able to carry out repairs, relia-
bility of the concrete is of vital importance—far more so
than economy,

(2) This method often resulted in a chesper concrete, e.g., in the
building of the tunnel portal, they had found that, in actual
practice by the adoption of these methods, it had been found
that the actual mix, instead of being 1:2: 4, it worked out
to 1:2}-41, so that an appreciable saving had been
effected 1n the cost of the concrete by the adoption of
these methods.

There was of course some extra cost involsed in the laboratory staff,
but that is the only extra cost : they do not Aind that any extra establish-
ment had to be maintained for proportioning and mixing. Any intelligent
overseer could pich up the idea without extra training and was able to
control it without extra staff. The equipment costs a trifling amount
compared to the value of the work that is handled,
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As regard the question of having a hydrometer on the works, in a
very short time th- € ™ N e tr ot

14 per cent mois- '
about 7 to 10 per

Pper cent it was gc

or twice a week {or get these cheched for him) 1n order to Leep the
Water cement ratio constant The methods adopted were not highly
abtruse or comphicated and 1t was found in practice that an ordinary
S.D O could be trusted to use his judgment

With regard to electric power, Colonel Battye pointed out that the
Appendix was an attempt to arrive at the actual cost of these plants efter
writing off the whole capital cost during the period of construction less
the small credits noted, a considerable portion of which 1 the case of
Thuyi was a genuine credit because the whole of the electrical portion
of this,plant would afterwards be installed as auxihartes in the main
power station, :

Their prices per unit were 9% pies  Now no fuel plant could possibly
be installed on the works and hope to generate at these figures, from
either a1l or coal

With regard to the electric drive, on all such works, concentrated 3n
thearea " ° o ' "rdnven construction plant
was, as ¢ other types and could of
course b+ .

There was enough work for the excavator - it had been kept funning
for 16 hoursa day for the last three years and expected to be used for another

There was plenty of work for 1t and 1t had undoubtedly speeded up

work and enabled them to carry out all surface excavation more expedi-
tiously. Theexcavator handled heavy stuff, ¢ e, bouldersfrom 4 to 6 feetin
diameter, stacking them to one side upto 15 feet high. They had found
in practice that the cost of working and mamtaining the excavator was
about equal to the cost of the actual bills paid to the contractor where
small numbers of men were employed  The hills usually sloped 1 in |
and they were perpetually faced with the problem of finding sites .for
housing men and foremen  The general feeling was that, putting aside
the problem of housing and looking after labour on the one side, and
depreciation and interest on the other, there was very little to chose
cither way . the general feching was that the excavator had justified jts
use, and that labour saving devices in a country of this nature were justified
every time, provided that hydro power could be obtained at a reasonable
cost.

~ . Tt Nttt e eost of this
. . e =" vnas avajlable,
. . - ..- - 'l SUPPI)‘, ‘he

L | wodifying the

Armico flume” 50 as to ensure its being able to give the full supply was
trifling compared to the whole capital cost, so that the figure per
installed was cotrect within one or tho per cent. /
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M. Nicholson's propoesal to drive the tunnel through first and then
use it to provide transportation facilities in to the Brot valley, had never
be n seriously considered. The time for drnving the main tunnel was the
governing factor on the whole project and even if they had been able to
start _driving a year earlier, which might have been possible if they had
installed steam driven compressors in the valley below and piped the
air to site, they would not have been anywhere near through the hill
even by now and would not therefore, have been in a position to start
the construction of the hydraulic works mn the valley for at least another
year. He thought that 1t was quite posstbly true that if they had installed
§tca'r_n driver} compressors n the va]ley below, they might bave sa\‘/cd t‘?me

il e ate ©fa . L o h .

Wl vomned oo Mo QLo e weiewTon aeeaa 11 o

at the moment to give exact figures for interest and depreciation on the
cost of the excavator
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HYDRAULIC OBSERVATIONS ON THE SHYOK FLOOD
OF 1929.

By J. P. Gunn.

Early in 1929 it fell to my lot to go to Ladakh and investigate the
glacier dam that had formed on the Shyok river ; one of the objects of
the expedition was to ascertam, if possible, what would be the effect
near Attock of water released by the bursting of the dam.

On the way upto the dam I investigated the traces left by the
flood of 1926 and tried to work out something whereby an approximate
prediction might be possible,

1 inspected the dam jrom below and then made a detour and got
up to the lake, After the survey of the lake had been done the dam
burst, and on the return journey | made such observations as were
possible of the flood marks at various places. These observations
differed widely from what I expected and it is for this reason that |
put forward this paper.

Some of the assumptions made in it are bold in the extreme,
while the prediction curves are nothing more or less than arguing from
the particular to the general, but I can see na other method of dealing
vith the question. All I can hope is that this struggle to produce
results, with insufficient knowledge of the nature of turbulent flow of
water, and unrelisble data, may inspire some one to carry out mvesh-
ations to clear up some of the problems set out for consid
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To enable the nature of the Shyok river bed to be appreciated 1
hive given longitudinal sections at Sasir Brangsa
and from Sati to Diskit and a rough plane table
sketch of the course of the river in the latter reach in plates II to IV.
The points at whizh the 1926 flood levels were observed along with
their values are shown on the plane table sketch, the underlined values
show the 1929 flood levels.

Shyok river,

The cross sections at the gauge site, plate V, were taken along
a line which | anticipated would be at right angles to the direction of
the current during floods. I selected a site on the left bank above
Khalsar for the gauge where a cliff rose straight out of the water,
From our information it seemed that the water surface here was more
or less level in the 1926 flood, but this year's flood which gave 28 feet
cross slope at this point shows that either the nature of the flow
was different or that our original information was incorrect The latter
is probably the case as no flood marks could be seen on the rock. The
local inhabitant had no interest in that particular spot and probably
drew on his imagination,

As can be seen from the cross sections, plate V, the river during the
flood scoured its bed about nme and a half feet at the site of the gauge
and concentrated the flow into one channel,

In the reach from Sati to Diskit the general slope of the water
surface over a distance of about twelve mles is 375 fect per thousand
feet or 1875 fect per canal mile of 5000 feet. In the upper reach
above Sasir Brangsa the slope over about six miles s 820 feet per
thousand feet or 4] feet per canal mile, while in one reach it drops
fifty feet in half a mile. These mean slopes of 375 feet and 820
feet per thousand fect have been adopted in the ecalenlations of
discharges.

Cross sections of the Shyok between Sati and Diskit are repro-
duced on plates VI and VII as an indication of the general nature of the
bed and explain why the seemingly open bed at the Shyok-Nubra
confluence has such a slight effect on the flow.
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The flow in floods is extremely turbulent and influenced largely
by local di I have therefore not d to draw a longitu-
dinal section to show the high floed levels but have indicated the posi-
tion of observed points with their values, [t will be seen from the sketch
on plate IV that the floods of 1926 and 1929 varied greatly in height
over a comparatvely short distance.

Taking the right bank of the niver, where the marks of the 1929

Flood levels,  flood were in general better defined, half a mile

above the gauge the 1929 flood was 18 feet higher

than that of 1926, at the gauge it was only 8'47 feet higher, while six

males further down in the vegion of Thint differences of 462 feet and

47'19 feet were observed ; as the levels were followed up the Nubra
towards Teggur the difference gradually fell off to 16°48 feet.

1t will be seen from these figures that it is impossible to compare
the magnitude of any two floods by 2 companson of their maximum
levels observed at any one place.  Without some such observations
3t is almost impossible to concetve the irregulanty of flow that occurs
during floods, and [ am of the opinion that no gauge set up in the Shyok
can give a quantitative prediction of the effect at Attock.

The rate of travel of the floods of 1926 and 1929 is given in the
table below. The distances have been scaled off the
latest available }* maps while the times have been
obtained by local enquiry and can only be taken as approximate.
The same mformation 1s plotted on plate VIII and shows a
fairly satisfactory agreement between the data. This plate also shows
the mean velocities and velocities as calculated in table 3 for certain
points. ‘The actual times from the warning gauge at Khalsar to Attock
were approximately fifty-six hours for the 1926 flood and fifty.nine
hours for the 1929 flood.

Flood travel,
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Table 1.

5 No.of Velootty Mean
z miles in o [VOIOLY [ ooty
- Pacticul d No. of I 1) 1oe |18 foet in foct
g * hours. per
& travel- Per | pesond. per
& _{_tea). | hour, |*090% | second,

Flood 1929,

1 | Bigr Brangss to Khalear| 130 22 591 | 867

21 Khalaar to Skardu .| 165 16 3031 | 152 1231

3 | Skarda to Bumt 96 14 6857 | 1008 -

4 | Buny: to Attock .| 289 D | 908 | 1402

680 81 1
5 | Attock to Kalabagh .| 90 8 | 1165 | 1708
Flood 1926.

1 Dislest vo Skarda 163 W 956 | 1403

2 | Skardu to Buap 2 8 120 17'60 1447

1| Baxjt to Chulas 47 5y 1+ 855 | 1263

4} Chilas to Attook 212 3 908 ) 1

538 54} | l

It 15 not practicable to reproduce the map of the lake to original
Gapshan Lake scale., but plate IX shows a reduced map on a scale
of 1" to a mile as surveyed. The contours can
not be reproduced but the lines on which soundings were taken are
shown together with the level of the bottom, plate X shows the area
at each contour plotted as a curve and the table shows the actual areas
together with the volumes between successive contours and the total
volume up to any contour, this last quantity is also shown on the
diagram as a curve

From observations taken during our stay at the lake we found the
total rise, which was nearly uniform, was 59 feet in 211 hours giving
a daily inflow of 6,581 foot-acres per day. The total volume in the
lake was 1,095,500 foot-acres.

To get an approximation to the rate of mflow in a year I made
certain assumptions. | had taken that the burst in 1926 occurred late
and that there would be no more melting that year, or rather that the
dam reformed before the melting in 1927 began, and that there was
no water left after the 1926 burst. Also I neglected evaporation an
absorption and assumed that the water 1n the lake was the result o
three years' melting. This gave an average annual inflow of 365,000
foot-acres.
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To check these aysumptions | referred to Mr, Ludlow who stated
that, at the time of his viait in 1928, a shght fall of snow accurred on
the first night he reached the lake and that the next two days were
abnormally hot; he considered that the inflow was probably above the
normal; his estimate of the, rate of rise was about 13 foot per day
for the two days he was there. [t was almost exactly a year later that
we visited the lake so that at the time of Mr. Ludlow's previous visit
the volume in the lake would probably be 730,000 foot-acres. From the
curves this gives the level of the water as 15,850 and the area about
7300 acres. This gives a rise of 09 feet per day for normal inflow.
Considering the difficulty of estimating a rise in water level, and the
light snowfall followed by abnormal heat, 1 consider that we may
accept the figures and presume that the assumptions are correct.

To get some idea of the varation in the rate of inflow [ have
based an estimate on the discharge of the river at Khalsar. The river
above Khalsar 15 almost enirely glacier fed but in the early part of the
year much water will come from the snow melting, As the flood
scoured the bed down low at the gauge site the discharges for a whole
year are not available [ have however plotted on plate XI a curve of
the monthly mean maximum temperatures at Leh and Dras, hoth
amean of years and this year's mean, and also on the same
time scale a curve of discharges at Khalsar. By assuming that
the general shape of the discharge curve will conform to the
temperature curve, | have taken the mean daily discharge for each
month at Khalsar and assumed that the inflow into the lake occurred
in the same proportion. The results are gmven in the table below,
from which 1t is possible to forecast roughly what the level of the water
in the lake will be in any month when one observation of the water level
is available in any year.

Table, 2.
I Assumed dischary Assumed
ge umed monthly 1n-

Month. . at Khbalsar, cusecs, §ﬂownthke,loob—iw.4

— N "
June o 1,000 5,183 .
Taly O 22,000 | 114810

" Augost . 35,001 182,

Beptember - ! 12,000 | 62,514 -

As the main object of the expedition was to ascertain the probable

effect at Attock of a flood from the Shyok, I devoted

Attack gauge,  some time to trying to et a calibration curve for the

Khairabad gauce situsted a mile and a half above

Attock Bridge. The only data avalsble from which this could be done

were the daily discharges observed at Kalabsgh  a hundred miles below

Attock. These cbservations are made with current meters, observing
the mean velocity in low supplies and surface velocities in high v
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while surface floats are used when the discharge is very big and velo-
cities too high to enable a boat at anchor to remain steady.

Owing to the river bed at Attock silting and scouring it was not
possible to get any results from points that were not selected with
care, but after allowing for time-lag and selecting points when the river
discharge was steady and diti lly indicating no ah I
silt T derived the formula—

5 log Q=0805 log G+43014
for K}muabad. The range of observations for which this appeared to
hold is between gauges of 5 feet and 30 feet with discharges of 70,000
cusecs and 300,000 cusecs respectively. From this | plotted a time-
gxssharge curve from the observations available, plate XII, for Khaira-
ad.

1 also endeavoured to find a similar relation for the Attock Bridge
gauge but the channel section 1s not so uniform there and I could get no
satisfactory curve.

Like all empirical formulae this discharge equation needs to be
aﬁpht_&d with care and can only be expected to hold for a certain state of
the river.

The Indus had been running with a discharge of 200,000 to 300,000
cusecs from the middle of July and had reached over 400,000 cusecs
on the anl August at Kalabagh falling to 200,000 on the [lth and
had only increased shghtly to 237,000 on_ the 17th, from which one
would expect a certain amount of silt to have been deposited and not
removed up to the 17th by the gradual rise of the river. That this
discharge 1s below the formula discharge was only to be expected. The
deposit however would readily be moved by the rapidly rising flood and
I have adopted the formula discharges for the rising river and peak
discharges,  On the falling river silt must again have deposited, and so
long as the formula gave a fairly uniform rate of fall in discharge 1 have
ndoptec}bth':se dxschargeg: but from 8 a. M. on the 20th I have adopted
lower dis. foll imately the same rate of fall, as the
comparatively sudden change in slope of the curve indicated that silt
was depositing,

I have taken as the Indus component of this flood 237,000 cusecs
as that discharge was measured at Kalabagh on the 17th and 22nd and
brought the time-discharge curve for Attock to this value on the 2lst
to allow for time-lag. There was little rain during the 19th and 20th
anywhere in the Indus Valley but after the 2)st a gradual rise set in
and perhaps the discharge on the closing day gives the Indus credit of
a slightly larger quantity of water than 1t should.

Treated by this method, however, the total run-off in three days
at Attock due to the Shyok dam bursting comes to 884,300 foot-acres
as compared with 1,095,500 foot-acres in the lake, In the case of the
similar_flood in 1926 approximately 10 per cent. of the total run-off, as
ascertzined from the records of the Discharge Division, occurred after
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the third day, but in the case of this flood the river started to rise due to
rain and no proper account can be kept of the Indus component after
the third day. The between the call d run-off at Attock
and the quantity in the ake is reasonably close and would show that the
formula gives reasonably close results for flood peaks, and the exten-
sion of the formula beyond the range of chservations seems justified.

The only way which [ see of making any estimate of the effect at
Attock of a burst in the Shyok dam depends on the use of this discharge
diagram. From the diagram it appears that aproximately a quarter
of the total volume in the lake passed Attock with 2 fairly uniform
discharge in twelve hours, The dotted lines show the twelve
hours interval, and from this it would appear, possible to estimate
;.he. Attock discharge from the volume of the lake within reasonable
imits,

The following method was adopted in preparing a  diagram for
predicting the heights to which a flood from the Shyok dam might raise
Attock Gauge. One guarter of the total volume of the lake is presumed

Lo " ‘ * 7 - - thatis what the time
juarter of the volume
scs .

It is also assumed that, no matter what the amount of silt in the
bed of the river before a flood is, in high flood the silt is scoured out
and the formula gives the discharge passing. The standard discharge
for various gauges at Attock was then calculated, to these were added

uccessively the { flood di: from the lake and the

cor ing gauges calculated, To allow for the effect of local
heading up a margin of five fect was added to the calculated gauges.
Then taking the gauges before the flood as abscissae and the maximum
flood gauge as ordinates curves for each depth of water in the lake were
drawn. See plate XIHI.

To allow for the probable departure from the standard formula
discharge three more scales are shown. These correspond to states
of the river when two, four and six fect gauge above the standard
are required to give the formula discharge. The Executive Engineer,
Discharge Division, can tell at any time which scale should be employ-

The method of using the curve is simple. On being informed
which scale of abscissae is to be used, the intersection of the ordinate
through the gauge reading of the day and the curve of lake level gives
the height to which the Attock Gauge may be expected to rise.

I do not consider this method of flood prediction very satisfactory
owing to the vast number of uncertain factors involved but at least 1t
will give some guide. Also as the level of lske this year was withina
small distance of the maximum traceable lske level it is unlilely that a
greater effect will ever occur at Attock,
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The following paragraphs deal with certain aspects of tufbulex!t

Hydraulic ow and give some guides for experimental investi-
Formule. . gations _that may be valuable where not actual floo
levels, but volufnes passed, are under consideration.

With a view' to ascertaining, if possible, how far the fcrml.xlae for

* smooth flow could be adapted to flood conditions by a modxﬁcalnon
of the.constants, | examined such data as were available at various
sites_and made use of the fact that the volume in the lake was known.

The data for the upper reaches of the Shyok are unsatisfactory
from the point of view of any great accuracy but even then they give
valuable indications.

* At Sasir Brangsa it was possible to obtain fairly satisfactory cross
sections a5 the 1ce had left berms at various points, but the man, who
is stationed there to conduct caravan across the ford, could not give any
reasonable idea of the times at which these levels occursed, On the
18th he stated oniginally that the dam had broken on the 14th instead
of the 15th, and I am very doubtful altogether of the times at which he
states the levels occurred.

' At Khalsar the times were probably more or less accurate as far
as could be judged but only levels on the left bank at the gauge could be
got with any accuracy as no marks were visible on the right bank.

At Skardu levels were read off the gauge and times taken with a
watch but as the gauge was washed away the rate of fall below 25 feet
is conjectural,

Unsatisfactory as these data are, the results of calculations indi-
cate that the conventional co-efficients in the usual formulae are far
from correct for turbulent flow such as occurs m floods.

The method of examining the data was based on Manning's formula
1488
V== x st RS in which n has the same value as in Kutter's

1486 .

- X st remained constant
for each site throughout the flood Then from the observed cross
sections shown in plates V, XIV, XV, the area and hydraulic mean
radius were  calculated  for each stage. The Attock and Kalabagh
data were given by this discharge division.

The discharge for each stage is given by—
L Q=AxRY x U oh_ ARt o

ormula. I assumed that the portion

Plotting the quantity A R ¥ a5 ordinate on a time basis the area of
the curve when multiplied by the factor K, assumed constant for each

site, gives a cusec-time quantity which is readily convertible to foot-
acres.
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By equating the volume of the lake in foot-acres to this quentiey
the value of K 15 easily determined. In the diagram shown on plts
XVI one square is equvalent to 8 X 2000000 K cusec-hours cr

200 000 2
sxg*—x X K foot-acres

In the case of Skardu, Attock and Kalabagh a correction was epgled
for the amount of water already n the niver when the flood came dews,
but in the case of Sasir Brangsa and Khalsar the time of passing tle
flood was short and the initial discharge small and no correction was mad

At Skardu the discharge of the Indus was estimated by sarumirg
n="030 and working out the initial discharge from the croes 2actiom,
hydraulic mean radius and slope at Attock and Kalabagh the corree.
tion taken was the measured discharge of 237,000 cusecs.

A table is given below showing the quantities for the varionu e,
the calculations for each site are shown m detail in Appendix F, s
also plate XVI:—

Table 3.
o Slope
A .
S| stes | PtV oares, (EMR| KO D | oo
3 ve.
& and |
T~z |3 1 5 T8 7 (%
1 | Sesir 82 133,400 | 5467 | 082 NS eIm
Brangsa )
2 | Khalsar 375 {104,800 48 00 105 1,454,900 O, Rl
3 |Skardu | 200 | 67300 | 2580 2000 1,005,000 ovzze o,
4 | Attock | 0.9 | 61,875 | 5850 ‘i 0815 | 637,00 rn i,
5 | Kala 050 | 32,658 30710 157 ‘ 496 400 (3% e
bazh . (e

These variations in “n™" are remarkable from the rerg. 4
obtained, a certain variation was to be expect: ut they 3
would indicate that turbulence has an effect vastly in excers o - ;""
expected. A e

During this flood certam observations were taken g Iy
caleulations made on the ususl departmental lines to dear),”” t:’/,
maximum discharge. Cwing to the sudden nature of ¢, b:" it
observers were only able to obtain four surface velocitig P < e
ing logs. en calculating from a previously observed o
and applying a factor of 09 to reduce the observed seloz ¥
velocities a discharge of 841,000 cusees was calculated . i

om an assumed value of Kutters “n" of “025 and ¢, _ ~*
observed cross section a discharge of 755,000 cusees vy 7,77
gainst a maximum of 511,300 given by the formula, e
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1f either of these values be accepted as the maximum then the run
off at Attock would be vastly in excess of the volume of water contained
in the lake. From this it can be seen that the co-efficients in general
use for flood discharges are open to grave doubts. However, in the
absence of any other formule it is necessary to see what constants
are desirable to bring the calculated results more in accordance with
the actual discharges,

Some light may be thrown on the question by the examination of
the discharges at Attock, By this method of calculation a value of n=
*0315 is obtamed, while a calculation of the disch based on a cross
section and slope of the river with a value of n=="043 givesa discharge
of 5,10,917 which is very close to the discharge given by the logarithmic
formula. The difference between these two values of “n™ is not
hard to explain, the increase is due to turbulence and as turbulence
increases so the value of *n " rises to a maximum of "043 while the
value of 0315 1s an mtermediate value between the maximum and the
ordinary value of n="020 This implies as mght be expected that
the co-efficient K is not a true constant for the whole range of the
flood at any site but varies with the degree of turhulence., This indi-
cates that the values tabulated for the various sites are not
absolutely the maximum values, but some intermediate values. The
value of 0872 for Khalsar is vastly in excess of the value of “030 obtain-
ed from a discharge at low water.

Nearly all the discharges of rivers and torrents in heavy flood
epend on surface velocity observations and here again a check on the
conxentul:{nal co-efficient of 0'9 is afforded by the calculated discharge
at Attock.

Taking the discharge given by the logarithmic formula as correct
a mean velocity of 9'86 feet/second is deduced from the area of the
cross section, against a mean velocity of logs observed as 1802 feet/
second and from this 1t appears that the co-efficient used in the
discharge 09 should be 0'55. It must be carefully noted however that
the velocity of logs is not a_true surface velocity, far from it ; however
as long as the only practicable way of observing flood velocities is by
timing objects floating past it would seem destrable to reduce the
co-efficient.

Nearly all our observations of daily discharges in high rivers
depend on surface velocities and it would appear imperative to carry
out some investigations to ascertain more exactly the relation between
surface velocities and_mean velocities in turbulent motion. I do not
consider the results given above to be sufficiently accurate to justify
the adoption of these co-efficients without further enquiry, but 1
consider that no storage project should be entered into till some further
information is available on these points,
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APPENDIX A.
Sxarou GAUGE.

While at Leh a telegram was received from the Chief Engineer
stating that the gauge at Skardu was reported to be damaged and
instructing us to see what could be done to put this right. I consulted
the Tehsildar, Leh, who had been transferred from Skardu only a few
months previously, as well as the Wazir Wazirat, who has his winter
headguarters at Skardu. Both these officers knew the gauge well and
on their information | decided to send B. Abdul Rahim to carry out
the necessary work.

wn e aT o amoa- L L N Y SR R

to cm:ry on this graduation downwards as the water fell.
A cross section of the river at Skardu gauge site was also taken
and is shown in plate XV.

After completing this work B, Abdul Rahim reached Srinagar
on September 29th,



64 Report on the Chong Kumdun Dam, efc.

APPENDIX B.
Froop WARNINGS.

As already mentioned the system  for conveying warning of a food
in the Shyok due to a burst of the Chong Kumdun dam depended on
a gauge reader at Khalsar and three pais of dak runners, one of each
pair had always to be present at his post. To avoid any delay in convey-
ing the warnings horses were to be provided for the dak runners in the
event of a burst.

To get the system into workimg order the gauge reader at Khalsar
sent off postcards with gauge readings to the Executive Engineer,
Discharge Division, by one of the runners, while the other had to re-
mam at his post 1t was arranged that in the event of a flood the gauge
reader should send a special letter to the Wazir Wazirat, Leh,  stat-
ing at what time the flood began to rise, the height reached on the gauge
and the time during which the water remained at this highest readmg-

The necessary authority was issued for the Wazir Wazirat to send
clear the hne " telegrams to the Punjab Government regarding any
flood.

The system worked satisfactorily when the flood came at 8 a. M.
on the 16th; information reached Leh in twelve hours, the messengers
having started from a height of 10,000 feet, crossed a pass 17,600 feet
high and dropped down to 11,500 feet at Leh m a distance of 37 miles,
and the warmng wire from Leh was delivered in Simla at 6-15 A. M. on
the 17th,

While the warning system worked satisfactorily this year the
danger of relying solely on these measures to communicate with
lies in the fact that the Khardung pass 1s frequently closed for two
or three days at a time due to storms even during the height of summer.
It is even more undesirable to employ a system of bonfires or other
visual signals over the pass as quite frequently clouds gather on it for
days on end though there may be no heavy precipitation.

I therefore strongly recommend that a duplicate warning be
arranged for from Skardu.  The flood reached Skardu very few hours
after this year's warning reached Leh and the two wires should arrive
at almost the same time.

I recommend that the following works should be undertaken as
soon as possible next year so as to facilitate the prediction of the amount
ﬁf’ov‘\;ater in the lake and also to give some idea of the size of any future
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At the lake itself | recommend a series of caims suitably marked
be erected at each fifty and hundred foot contour level working from
the bench mark fixed by the party this year. These should so far as
possﬂ:]e be erected along some even slopes in straight lines and a sec-
tion of the ground supplied to the Punjab Government so that it may be
possible for any one in future to report that the water level was so
many paces from a certain cairn, on receipt of this information the
water level could be derived from the section. This wculd enable the
volume of water to be estimated from the curve in plate

At Khalsar the rock is rough and I do not anhclpate that after a
few years the marks made this year will remain visible. I therefore
recommend that the gauge at Khalsar be properly dressed in a smoot]
strip, graduated by feet and quarter feet from as far as possible below
this year's zeto up to a 10 foot reading, after this only feet need be
graduated up to a level about five feet abave this year’s flood level,

These works could be readily done by the Kashmir State Public
Works Department who have an overseer at Leh.

Then in any year in which it is reported that the dam exists a gauge
reader and dak runners should be engaged to work between Khalsar
and Leh, and a man despatched to the lake as soon as the Sasir pass is
open to report the water level in the lake and the state of the glacier.

1 do not consider it necessary to wait for any information about
the duration of the flood peak in future as even the maximum gauge
reading cannot be relied on for a predlctxon and the height of the

ood peak at Attock is determined from the volume in the lake, The
orders for the gauge reader would be to Teport the time at which the
gauge began to rise and the height to which it rose.

At the same time I recommend that the Skardu gauge be read and
reported regularly in future,

The necessary authority should be arranged for the Wazir Wazi-
rat and Tehsildar Skardu to send “clear the line’ messages to the
Punjab Government about any flood. The duplicate warning is neces-
sary as the Khardung pass may be blocked, or the telegraph line to
Skardu may be out of order as was the case this year,
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APPENDIX C.
1929 Froop Rists.

The dam broke in the early hours of the I5thAugust, and the
flood reached Sasir Brangsa, 10 miles below the
dam, at about 6 4. M., it rose 85 feet in four hours to
about 104 M., and remained at this lfevel till about 1T A, . After
this the water gradually subsided and fell 52 feet in six hours to a level
33 feet above the morning gauge by 5 P. M. After this the fall was
very slow and in 24 hours the fall was nine feet, that is according to
the statement of the man in charge of the ford, and on the 16th at 5 .2t
the water was still 24 feet sbove its initial level, while on the 17th
morning the level was little above normal
The flood reached Khalsar about 8 a. M. on the 16th August,
Khalsar. and rose 45 feet from a gauge of 8 feet to 53 feet in
' aboat half hour, it remained at this level up to
10 a. 1. and then rose suddenly 18 feet to a gauge of 71 feet at which
level it vemained till 3 P. M. giving a total rise of 63 feet. After this it
dropped 50 feet in an hour to a gauge of 2] feet and continued to _fa“
and by the 17th momning the water was 9% feet below its original
level on the 16th
1 am of the opinion that the sudden rise at 10 . M. and fall at
3 p. M. of the gauge was due to movement of a large shingle bar.
The flood reached Skardu at 8-30 p. M. _on _the 16th, the gauge
Skardy being 17 feet at 6 P By 9. M. the gauge hag!
i risen 8 feet in half an hour to a gauge of 25 feet. it
reached its peak of 42 feet at midnight having risen 17 feet in 3 hours.
The water Temained at this level up to 3 . M, on 17th, after which it
dropped 7 feet in 4 hours and stood at a gauge of 35 feet at 7 A. M.
The gauge was carried away but the fall continued, and it is estimated
that the gauge was about 19 feet at 7 p. M. on the [7th. .
According to information recerved from the Resident in Kashmir
Bunjs the flood reached Bunji at 5 4. M_on 17th August
and rose (presumably from 7 feet) to 31 feet at
8-10 A, M. and reached its peak of 44 feet at 1-45 p. M. At 7.50 p. M.
it subsided from 44 feet to 34 fect and early in the morning of [8th
August it fell to 19 feet finally falling to 7 feet at mid-day.
o the evenine of 1701 A . P

Saeir Brangsa.

ment 1l Asesly,

Aty Lo sy
a . Sy

Atock. ot
risen o further 6.+ * . , . . O
a further 45 feet +. .« 7 H L I I

reached at 6 p, M. gormg 4wl toe 01 200 peel m aboul v g
The gauge remained steady at the peak for about 23 hours and then
began to fall, reaching a gauge of 50 feet at 6 A. M. on 19th Augnst.
It fell 43 feet by 11-30 A. M. and by 5-30 p, 1, had fallen 1o 40 feet.
The fall then became more ,gradual andthe gauge of 28 feet was
reached at 8 4. M. on Zlst August.
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APPENDIX D.
Froop Lsvets ar ATTOCK.

The observations of flood levels taken this year showing the Shyok
flood on the 18th August s well as the flood on the 28th August are
shown in plates XVIII to XXI, while an mdex plan showing the
position of the cross sections is shown on plate XV1

The levels of the flood of 1841 are also shown on the plates for
purposes of comparison. Talng into consideration that the volume
impounded by the dam this year,was very nearly the maximum ever
held up it is obvious that the menace from the Shyok is not so great
as had been anticipated.

A certain amount of heading up occurred at Attock due to the
Shyok flood, but this was not of long enough duration to affect the
Kabul river very far up, while the rain flood had a very much
greater effect.

It can be clearly seen that no rain flood could produce levels equal
to the flood of 1841,

The flood in 1841 was due to a block at the Hatu Pir spur of Nanga
Parbit. A portion of the huilside fell into the river bed and completely
blocked the Indus for about six months. When this dam broke a
tremendous volume of water was let loose. It is only from some
similar catestrophe that the levels of 1841 could again be reached.
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APPENDIX E.

Carcuration oF Hypravric Constants.

Sasir Brangsa,

The table below shows the various quantities got from the cross

section and the product AR” for Sasir Brangsa.

3 Slope
Area, | W.P | HLMR. R Axgi per
thousand,
Stage 1 .. 133,400] 2440 | 5467 | 144 | 1,020060) 82or
§=-0082
. 2. 6220 1870 2065 52| 197,174
W 3. 16460 950 | 1679 655] 107,813

The quantity ARg is plotted on a time basis.
inch and 200,000 per inch as the unit for AR®"

The area of this figure comes to be 10 sq. ins,

. 8. 0
ins. X2XKX 5 X2 =

Taking 8 hours per

Then area in sq.

lakhs of foot-acres in lake,

meé K = Volume of lake in lakhs of foot-acres,

~10%
LK=082
and 082 = 128 5 g
“B“ i gt
n = 01651

1 mean velocity = RY x K = 144 X 82 = 1I'8 feiec.

{ peak discharge = A X V =
= 1,574,100 cusecs.

133,400 % 118
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Khalsar,
Calculations of Shyok Flood Discharge at Khalsar,
8l
area. | wr | mmr| »f | axnt| e
thouzand
Btage 1 . 86,022 2,167 3069 1163 100,436 | 375 or
5="0038
- 2 104,896 2,185 48 00 1321 | 1,385,678
w 3 32,576 1724 1883 700 | 230,067
R O [ . " i 11,604

Area of (A X 'Ri) X 2K x :% X 2 = foot acres in lake
Area by diagram = 780 sq. ins.
LT8 % K =100

or K =105
and as K = %BG x Sg
105 = 1189 gozgt
n = 00872

and mean velocity = R§>< K = 1321 X 1'05 = 1387 ft./sec.
.. Discharge = A X V = 104,896 X 1387
= 1,454,900 cusecs. .

In the onginal drawing from which these calculations were made
the scales used for Skardw, Attock and Kalabagh were 1"=8 hours
and 100,000 =1" for the AR§ scale, but they were replotted to the
same scales as Khalsar and Sasir Brangsa on plate XVI for purposes of
comparison.

Skardu.

In the cases of Skardu due allowance must be made for the water
already in the river.

To estimate this calculations for stage 4, . ¢.. a gauge of 17 ft.. were
worked out assuming a value of n=0030,

LQ=AV=Ax 2« tgh
= 14,670 x 11-30
= 165,771 cusecs. . .
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As the period of passing of the flood was 48 hours the volume
passed by the normal river supply is 165,800x4 foot acres = 67
lakhs of foot acres, .

The quantities in the table below were then plotted on a time base.

gt | S | 4
Area, W.P. |ILM.R, R¥ ! AXR per ]
thousand, ﬁg

Stage 1 .. 26010 1,805 | 1627 | 642 1167,625 20
w 2 | 57,300 2220 2581 873 500,229 |or S="0020)
o 3 .m0l 2370 1sd4] 698 (305,098

14,670 [ 1,288 | 114 507 | 317 <  |Flowing

" .
‘with gauge ab nor-
HEA mal
- condre
| tions

Then K X area or curve X § = Volume in lake,
-+ volume in river for 2 days.
or132x § XK= 103)059+ 663

e K=2

since K= %@XS*
2009 = 48 5 00204
n = 00332

and mean velocity = R§X K =17'54 ft./sec.
and discharge = AV = 57,300 x 17°54
= 1,005,040 cusecs.
Attock,

. _In the same way, for Attock, assuming that the water in the river
is 237,000 as measured at Kalabagh and plotting the curve from the
observations m the table below the following results are obtained :—

1
Stops
Ares, HALE, &t axrl per
thousand-
! N
51,876 . 585 1507 81,756 029
19,437 . 55 1472 127,113
45,369 o 526 1402 636,073 | or Se0003
41,283 - 401 1341 553,605
aa,&m . ro 1189 306,341
\
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8
55
river.
or3832 x x K=109%5 +30 x 2 x 237
or K= 0815
andK=ﬂ X S§
1
orn= m X '0003
=00315
]

and mean velocity = R* X K= 1507 x "815 = 12'28 ft./sec,
Discharge =A x V51,875 X 1228
= 637,020 cusecs
Kalabagh,
For Kalabagh making the same assumption as before regarding the

water in the river, the area of the curve plotted from the data below
is 214 sq. ins.

Area, HALR. rd axgri Sope
. thomsand.
waz .| gwel 036 218,041 05
30,867 . 29 40 853 204,163 or S=*0005
31,819 . 2087 903 307,517
amess .l 3010 908 316,129

Area X K % = volume in lake + volume in river,
24 % F XK= 1095+ x 2 x 237
K=157
and K= H—w X '0005*

orn = 28885 o5t gy

and mean velocity = R X K = 968 X 1'57 = 1520 ft.fsec.
and discharge = A X V=32658 X 1520
= 496,400 cusecs.































Hydraubic Observations on the Shyok Flood of 1929. 12a

DISCUSSION.

Mr. Crump, in introducing paper No. 134 on Mr Gunn's behalf,
remarked as follows :—

Mr Gunn's paper, which when proceeding on leave he suggested
that the speaker should introduce to this Congress on his behalf, presents
for discusston the more technical features of his fuller official report to

found m Imgation Branch Paper No 32 which has recently been
punted and circulated,

The report contains an interesting account of Mr. Gunn's expedi-
tion, last summer, to the Upper Shyok River and the Chong Kumdan
glacier at its head.

On the 4th of August when the party, after making a survey of
the lake, started on 1ts return journey from the head of the Gapshan lake
by way of the Dipsang Plan wrade route, the glacie was still intact
and was comgﬂetel); blocking the valley, but on the party’s arnval three
v i AR a1ty s armval thre

Ule votume ol e Lake al  1Y,Y0,U0U toat-acres, and trom this known
volume he has m Appendix E of his paper calculated for each of five sites
the value of the assumed constant K= IiN—SG‘/S which enables him to
evaluate the peak discharges and mean velocities given in Table 3.
From the pamt of view of Mr. Guan's investigation the bursting
of the dam occurred at a most opportune time in thgt it added greatly
to the fullness and interest of the data collected by him. The speaker
[S0 MU NS PR ¥ 5) (‘,A_- [ - PUPPIN AYPIS RN R L

The speaker had little opportunity of discussing his paper with Mr,
Gunn, and it is most regrettable in view of the many surprises he has
sprung upon them that heis not present to-day to elucidate certain points
and reply to the discussion.

Speaking as an independent member of this 'Congress, the first
yuestion he wished to take up is that of the data relative to the Khairabad
Gauge at Attock. It will be noticed that the _paper presents two inde-

endent sets of results for this site. One isbased on Mr, Gunn's
ogarithmic formula on page 58, and the other on the known volume of
the lake. In Plate XII, for instance, discharges shown by the small
circles are calculated from the logarithmic formula, and give a peak dis-
charge of about5,11,000 cusecs. For the steady gauges of 27.5 and
28 0 feet which respectively preceded and  followed the flood, Mr.
Cunn has, however, abandoned his formula in favour of the value of

237,000 cusecs measured by the Discharge Division at Kalabagh on the
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DISCUSSION.

Mr. Crump, in intraducing paper No 134 on Mr. Gunn's behalf,
remarked as follows .—

Mr. Gunn's paper, -\t -t - tor -eoored ! ! S
that the speaker should
for discussion the more o '
be found in Imgation Branch Paper No 32 which has recently been
prnted and circulated.

The report contans an nteresting account of Mr. Gunn's expedi-
tion, last summer, to the Upper Shyok River and the Chong Kumdan
glacier at its head

On the 14th of August when the party, after making a survey of
the lake, started on 1ts return journey from the head of the Gapshan lake
by way of the Dipsang Plain trade route, the glacie was still intact
a‘nd was comgletel); blocking the valle):, b‘g‘t on the party’s arnval three
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the volume of the lake at_10,95,000 foot-acres, and from this known
volume he has m Appendix E of his paper calculated for each of five sites
the value of the assumed constant K= Iib?—é\/s which enables him to
evaluate the peak discharges and mean veloaities given in Table 3.

From the point of view of Mr. Gunn's investigation the bursting
of the dam occurred at a most opportune time in that it added greatly
to the fullness and interest of the data collected by him. The speaker

oG TS R . A . s a e

The speaker had little opportumty of discussing his paper with Mr,
Gunn, and it is most regrettable 1n view of the many surprises he has
sprung upon them that heis not present to-day to elucidate certain points
and reply to the discussion,

Speaking as an independent member of this Congress, the first
question he wished to take up is that of the data relative to the Khairabad
Gauge at Attock. It will be noticed that the paper presents two inde-

endent sets of results for this site. One is based on Mr, Gunn’s
ogarithmic formula on page 58, and the other on the known volume of
the lake. In Plate XII, for instance, discharges shown by the srall
circles are calculated from the logarithmic formula, and give a peak < *
charge of about 5,11,000 cusecs. For the steady gauges of 27.5 -
280 feet which respectively preceded and followed the

unn has, however, abandoned his formula in favour of the
237,000 cusecs measured by the Discharge Division at K.
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17th and 22ad of August, i.e., before and after the passage of the Shyok
Flood. The effect of this departure from his formula is greatly to increase
the apparent volume of the flood, which, even so, is still nearly 20 per
cent less than the known contents of the lake. The higher limit for
which Mr. Gunn claims that his formula is reliable is only 3,000
cusecs, and the clear implication is that when extrapolated beyond this
limit, the formula gives discharges which are too small, To confim
this the speaker had taken the cross section of the Khairabad site which
Mr. Gunn used for his calculations of Appendix E, and had worked out
the mean velocities for various gauges, by dividing his formula discharge
by the corresponding sectional area The result is shown by the f_u]
black curve in diagram No. 3A. It is seen that the mean velocity attains
a maximum for a gauge of about 32 feet, and then falls off for higher
gauges. The compact nature of the section considered renders such 2
result extremely improbable.
T e e = JS JPURON S B A oL -"enu'rcl;l
lischarge
feet pef
sec. 'These values are about 25 per cent in excess of those givea by the
logarithmic formula  The caleulation for K on page 71 is, however, made
to depend on the Kalsbagh value of 2,37,000 cusecs for the steady
gauges of 275 and 280 feet which preceded and followed the passage
of the Shyok Flood, -

The speaker suggested that it would be more logical to 1gnore the
Kalibagh hgure altogether, and to make the calculations consistent among
themselves by using the same value of K throughout, Adopting this

method, he obtamed from the cross section used by Mr. Gunn the
following values :—

Mean gauge = 27.75
Sectional Area = 28,750 sq. ft.
R = 357
R% = 10.84
ARj = 3,11,700

Replacing the Kalabagh < ler
tion forKlbr::gcomees ; “alabagl value of 2,37,000 by K AR% the calat

3832 X 5 x K=1095+100 x K x 3,117
% gy

. =

giving K = 0.872 as against Mr. Guon's value of 0.815.
This increase i K increases che peak dischacge to 6,82,00) cusess:

nearly 34 per cent. greater than given by Mr. Gunn's formula and gives

an initial and residual discharge of 2,72,000 cusecs as against 2,37

cusecs adopted by Mr. Gunn,

aan velocities correspanding to K = 872 are plotted in disgram

l'h is seen that they differ widely from Mr. Gunn's formula
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values. In particular it may be noted that the peak-discharge velocity
is now 13.14as against 986 given by Mr Gunn's formula  This gives
a co-efficient of 0.73 as agamst 0.55 (suggested by Me Gunn at page 62
of his paper) for converting surface velocities to mean velocities.

In this connection Lala Nok Chand, now in charge of the Discharge
Division, had informed the speaker that his estimate (based on floating-
log velocities) of 8,17,000 cusces for the record 1929 flood on the 28th
of August, gave a value of N = 0.043 for an observed surface slope of
045 per cent  Applying the same value of N to the Shyok Flood he
obtains a result of 6,96,000 cusecs which 1s in very fair agreement with
the speaker’s figure of 6,82,000, It must, however, not be overlooked
that Lala Nok Chand s first direct estimate of the peah-discharge of the
Shyok Flood was 841,000 cusecs.  This is no less than 65 per cent. in
excess of Mr Gunn’s formula value of 5,1

It will be appreciated that the observational data available for the
Attock site is much fuller and more reliable than for the three sites on the
Shyok, and if it appeared that he had unduly laboured this question
his justification for doing so lay in the mportance of bringing to light
the great difficulties met with, even by skilled observers working under
2 \§! diti Iy ¢ the disch of a large

0
flood of short duration

The most interesting results of Mr. Gunn's investigations are perhaps
those presented graphically in his Plate VIII. A part of these results
have been reproduced by the speaker in the Diagrams 1A and 2A with
the additional further data supplied by Lala Nok Chand for points
below Attock, both for the Shyok Flood'and for the record flood
which followed 1t a few days later. In Diagram No, [A are shown
three sets of curves The horizontal scale common to all curves gives
distances from Chong Kumdan Dam. The broken curves and jsolated
points show the magmtude of the peak dl'SChal'gcs for the two floods.
Sohd lines indicate the absence of any addition of water from tributary
~—ns, The travel curves show the progress of the mid peak plotted

2 Hthe vertical time scale on the left. The slope of these curves

= %, rate of advance of the peak, With time plotted vertical, increased

& Sheans a lower speed of advance  The fine black curyes are longi-

sections drawn through the peaks of both floods. The upper

- ‘ws to the record flood and the lower to the Shyok. The

“is curve indicates the general slope of the river hed from

tock Above Attock level data is very scanty, byt he had

Extendea wie slope curve up to the dam by drawing a smooth {ree hand

curve through the few points on the Shyok whose R. L. is known, and in

Diagram 2A against, bed slope taken from L. Nok (;hand'l curve and

his frechand extension of it, the speaker had plotted in black the rates

of peak travel taken from the Shyok travel curve of Dusgrarn 1A The

points show the mean velocities given in the last column of Mr. Gemn®e
able 3.

—
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From the broken-curves of Diagram 1A the general inference can
L deme e altabn moin oE s LRI SR A D B RPN AN

rate of peak disstpation 35 much the same tor large as tor small Hoods.

With regard to the rate of travel of the peak, it is easy to show that
the speed of advance {u) of a steady discharge Q riding on a smaller
steady discharge g 1s given by the simple relation.

e =8 - ”
us= AT ;

Where A and a are the average cross sections corresponding to the
two discharges Q and g taken over the same reach, In saying this, it
must be borne in  mind that the several cross sections of which'A and 2

' Tt - © T Intervals, so as to include

it contribution to the dis-

vhere a river valley runs

transverse to the rock strata, the existence of numerous Tateral vi‘lley:1
o . . e

words, the increassd = ~sad «-
smaller value for . .
therefore of the me -t

velocity V = %is less than the mean velocity v =—Zand it is found that
a

w s still less than V; while normally V is greater than v, and u is
greater than either V or v. ‘

This elementary analysis may serve to explam why in the alluvial
reaches below Kalabagh, the rate of advance zf the Shyok Flood wes
slower than the mean velocity of flow, and also why below Ghazighat
aenomrome S T Flood, Turning

shghtly higher rate

926 than that for
the larger Hood of 1929, 1926 than

Turning to Diagram 2A (which deals orly with the Shyok Floodof
|929) it is seen that the rate of travel bclowyAl(ock bears ayvery dehnite
relation to the bed slope .of the Indus Botween Sasir and Attock on
the other hand, no such relation can be traced, The rates of travel for
varjous reaches range from 8.67 feet/sec. to 15,12 feet/sec. They appear
to bear no relation to the general slope of the bed, although this vanes
from less than ] to over 8 feet per tﬁousand. The average value j8 Al
feet]sec. which is comparable with the calculated mean velocity
of Table 3 for Sasir and Attock and sorricwhat less than those for Kbalser,
Skardu and even Kalabagh. .
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Referring to Table 3, the general indication seems to be that the
mean veloaty of flow 1s independent of the general slope of the bed
instead of varying as would be expected with the square root of the slope.
1t would appear however that the abnormal values of N which Mr. Gunn
finds for Sasir and Khalsar result from his having calculated these
values from the average bed slopes of Plates Il and 111 instead of from
locally observed surface slopes such as was presumably the case for the
other three sites considered. The speaker would suggest that if Mr.
Gunn had been able to observe local slopes at Sasir and Khalsar he would
have found them to have values low enough to yield normal values for
N. At page 55 of his paper he states that the flow in floods 15 extremely
turbulent and influenced largely by local conditions Again at page 6
of his official report he says that the bed consisting of large shingle and
small boulders is unstable owing to the steep slope ; that rapids of con-
siderable length alternate with regions of smooth flow; and that the
position of these 1s constantly changing. Frem this description it is
obvious that the surface slope, {or more correctly the slope of the hydraulic
gradient or total energy hine), must vary greatly from point to point,
and in comparatively quiet reaches must have values very much less than
the average bed slope,

1n steep river channels this vanation in surface slope and hydraulic
o R r ==Tes, In high supples,

he speaker suggest-

. X *rate of consumption

of energy, t!x'e evening out 15 _Icss_ }ba{’h'il_aﬁp_fﬂt __pr:ds ?nd, bars

L o Lafocasbam slesslaca  walasd

losses takes place.
Mr. Khosla said :—
Wir, Tarmis Yighly werasing paper wayke dridedimotwo sec-
tions ;—
1) Flood prediction at Attock 1n the event of a burst up at the
® Chongkumdun or Shyok dam for different lake Jevels ;
(i) a’study of the conventional hydraulic co-efficient with special
reference to thé turbulent flow during floods. N
As to the quantitative flood prediction, nothing Letter could k& dnre
with the data available and the result given by Mr. Gunn, ‘
.



724 Hydraulic Observations on the Skyok Flood of 1929,

From the broken'curves of Diagram A the general inference can
be drawn that the rate of peak dissipation increases with bed slope. Com-
paring the two lines for the Sukkur Kotri reach, the peak discharge of the
record flood is diminished to 76 percent as against 81 per cent. for the
Shyok Flood, 1In the absence of further data it would appear that the
tate of peak dissipation is much the same for large as for small floods.

With regard to the rate of travel of the peak, it is easy to show that
the speed of advance (u)of a steady discharge Q riding on a smaller
steady discharge q is given by the simple relation.

= G« -
w= 3=

Where A and a are the average cross sections corresponding to the
two discharges Q and q taken over the same reach, In saying this, it
must be borne in mind that the several cross sections of which A and a
ovathe masne ot Lo dalon oo B -~ mtervals, sa as to include

e it contribution to the dis-

vhere a river valley runs

transverse to the rock strata, the existence of numerous lateral valleys
and ravines would have a marked effect in increasing the areas inundated
inabigflood. Or agam, in alluvial tracts, the extensive lateral spreading
in high floods would add greatly to the average area of cross section
without con‘mbutmg greatly towards increasing the discharge. In other
words, the increased wetted perimeter may, in certain cases, result in 2
smaller value for a large than for a small discharge of the H. M. R. and
therefore of the mean veloctty  In such cases what may be called the mean

veloaity V = A less than the mean velocity v =—%-and it s found that

u is still less than V; while normal i v,and u i
greater than either V or v, ormally V' is - greater than !
This elementary analysis may serve to explain why in the alluvid
reaches below Kalabagh, the raxcy of advance gf the Shyok Flood was
slower than the  mean velocity of flow, and also why below. Ghazightt
the Rocard Flandvomonalla *.'s than the Shyok Flood.  Turaing
.. Iso explain the slightly higher rt¢
) smaller flood of 1926 than that for

Turning to Diagram 2A (which deals only with the Shyok Floodof
1929) it is seen that the rate of travel below Attock bears a very defntt
relation to the bed slope of the Indus, Botween Sasir and Attock on
the other hand, no such relation can be traced, The rates of travel for
varjous reaches range from 8 67 feetfsec, to 15,12 feet/sec. They 2ppest
to bear no relation to the general slope of the bed, although this vanes
from less than 1 to over 8 feet per (Eousand. The average value it 12
feet/sec. which s comparable with the calculated mean velocity of flow
of Table 3 for Sasir and Attock and sorewhat less than those for Kbalsat,
Skardu and even Kalabagh, '
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Refernng to Table 3, the general mdication seems to be that the
mean velocity of flow 1s independent of the general slope of the bed
instead of varying as would be expected with the square root of the slope.
It would appear however that the abnormal values of N which Mr. Gunn
finds for Sasir and Khalsar result from his having calculated these
values from the average bed slopes of Plates II and III instead of from
locally observed surface slopes such as was presumably the case for the
other three sites considered. The speaker would suggest that if Mr.
Gunn had been able to observe lacal slopes at Sasir and Khalsar he would
have found them to have values low enough to yield normal values for
N. At page 55 of his paper he states that the flow in floods is extremely
turbulent and luenced largely by local conditions. Again at page &

PR O ~t Lo oo shat the hed coneleting of iarge shingle and
that rapids of con.

flow; and that the

Pposition of these 1s ly ch From this description it js
cbvious that the surface slope, {or more correctly the slope of the hydraulic
gradient or total energy line), must vary greatly from point to point,
and in comparatively quiet reaches must have values very much less than
the average bed slope.

' RN
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hiner matenal carried 1n suspension. 1L WoUIU appedr 1y 1act, trom the
results now before them, that these relatively quiet reaches do not great}:
vary, in regard to their mean velocities, from Sasir to Attock, and lha}t,
the channel adjusts jtself to an increase in general bed slope by the more
frequent formation of bars and rapids, where the greater part of the ener
Josses takes place. &
Mr. Khosla said :—

. Me Gunn's highly interesting paper maybe divided jnto tho sec-
tions .
(i) Flood prediction at Attock in the event of a by

t
Chengkumdun or Shyok dam for diflerent lal\:r;e\:ll: 'at the

(ii) a-study of the conventional hydraulic co-efficient with gpec:
reference to the turbulent flow during floods, ToF ecial
As to the quantitative flood prediction, nothing L

étter could be .
with the data avajlable and the result given by Mr. Gun;?uwgff}ioz; ”
N

H
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lasting value in spite of some of the assumptions which he himself charac-
terises as *bold in the extreme.”

Mer. Gunn has brought out some very important points such as the
28’ cross slope in 1929 flood at the Khalsar Gauge site and the wide
variation in the flood heights of 1926 and 1929 floods, the range being
from 827 to 47 19 ft., following no definite order of distances.

The method of working from the storage volume of _the lake to
obtain peak discharges and gaugesis highly ingeneous anda valusble
contribution for future flood nvestigations.

But when he proceeds to the analysis of the co-efficient N ™ and the
factor applied for reducing surface to mean velocities on the basis of th.c
available data some of the assumptions appear *too bold ', Whereas, it

E A i .

aLe ol

way i focussing attention and effort towards a clarification of our ideas
sbout the fundamentals.
On page 55 Mr. Gunn has rightly ** ot attempted to draw 2 longi-
3otk b L U 850 Teels bt in his caleulations for
“S" based on low water levels
. ' * Wd Il Again, he has not h’ftﬂ
local values of S at sites of sections but has taken the mean of 12 miles
at }?hﬂsa‘f gouze and of stx miles at Sasir Brangsa. I;x’view of the

(RN SN

the flood,

Mr. Gunn bas placed too much - faith 1n the logarithmic formula of
page 58 for Khairabad gauge but the assumptions made therein must
be remembered, to give it true weight, For the Khairabad gauge he has
taken discharges observed at Kalabagh some 90 miles downstream an:
has allowed for a time lag which can at best be taken as hypothetical
His peak discharges are extrapolated beyond the range of observations:
With the best of results, this equation can only be an approximation and
the deductions therefrom can be an indication as fo the accuracy of othef
data and not a definite check

On page 60, Mr Gunn has taken Manning’s formula as a basis fora
study of co-efficients in turbulent flow, He has assumed

l{ﬁ@ X4/5 = K a constant without justifying his assumption-
On page 62, he says that *as may be expected the co-cficient K
is not a true constant for the whole rangp:Cof the flood at any
site but varies with the degree! of turbulence,” Reference 15 here
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invited to page 243—246, Vol IV of the Miami Conservancy Distirict
publication ** Calculations of flow i open channels”, wherein the
relative menits of the Manning formula as aganst Kutter's have been dis-
cussed. This formula gives consistent results for values of H. M. R
up to 4. For higher values the slope largely aﬂectsi he results, The

“C* of Chezyin V = CJR3 1s the same as % of the Manning

formula. Plotting C as abscissa and R as ordinate, it 1s at once apparent
(Figs. 61 and 62) that there 13 increasing divergence between values of
Cas derived from the two formulae. For n = 030, the two agree for
slope of 10 ft. per %, Forn = 010, the two agree for S = ‘000025.
For slopes considered in this paper the variation in value of C by the
Manning and Kutter's formulae 1s not large, when n = 0 030, but for
flatter slopes or for higher values of “n "' like 008 this variation may
be considerable.

For purposes of Table 3, Mr Gunn has made allowance for the nor-
mal river supply before the flood came on  This is, however, a very
uncertain factof, In connection with the flood investigation for the
Haveli Project, the question of what 1o accept as the normal supply for
purposes of comparing the foot acres passed at different sites between
the flood peak and the normal, 13 offering some considerable difficulty.
A small mistake 1n arriving at the correct normal will throw out the vahie
of K and consequently of

Volume of lake

Area of time dischage curve
{a.t any site between peak and normal
Tiver,
= Volume
A
Supposing ZA to be ted, K will be diminished.

Since n == 1486/ _, therefore * N * will increase.

For Sasir Brangsa and Khalsar, Mr. Gunn has ignored the normal
fow altogether, Perhaps his local knowledge justifies this step. But if
there was any discharge passing, that volume if deducted from the volume
of the lake, will increase K and therefore reduce*N'. The high
co-efficient of 0°1651 and 0"0872 may atleast in part be due to this
omission,

In view of the assumptions referred to above it is not possible
to place implicit reliance on the ;Inak discharges or the values of * N *

educed. The mean velocities will be effected in consequence.

The speaker fully agreed with Mr. Gunnin his contention that the
ca-efficient of 09 used to reduce surface to mean veloaities §s very doubt-
ful but the extremely low value of 0°55 deduced by him cannot be accepted



72h  Hydraulic Obsereations on the Skyok Flood of 1929.

as a nearer approach to truth as the fundamental assumptions lack justifi-
cation,

Mr. Gunn's paper also helps to remove the general misconception
that the peak discharge of a flood at one place 1s necessarily the same
lower down irrespective of the distance. The peak discharge decreases
as the flood travels down, the duration increases but the foot acres passed
at each site above the normal are very nearly the same. Investigations
in connection with the record flood of 1929 support this fact in the
cases of Indus, Jhelum and Chenab.

Mr. Montagt had no wish to belittle Mr. Guan's achievement in
sounding the Lake Gapshan but he had certain eriticisms to level at the
calculations for discharge.

2. There were at least three classes of flow. viz., the viscous (true
stream line), turbulent (silt bearing) : mechanical turbulence, for want
of a better name (flow 1n which part at least of the ““ slope " is due to falls
and the mechanical turbulence that results).

The slopes quoted as *' mean slopes” on page 54 by Mr. Guna
emphatically belong to the last class of slope and certainly are not norma
slopes such as are applicable to Manning's fo'mula for ** normal ™ flow

3. Mr Gunrn appears to have taken no account of the jmportant
effect on flood flow of the velocity reaching the ** Minimum Encrgy
point  Should this state of affairs  occur then any obstacle will result
in copsiderable heading up which will accelerate the approach of the
flood but retard the peak

That this appears to have occurred 15 evidenced by the Teble 1 ot

'1,352 SSA c;llgzvgxxch extracts are now given comparing the two floods of

Skardu to Bunys. Bunjito Attock, | Toial
1926 .l Bhous. | 303 hours 38} hours.
1929 . 14 hours. 29 hours 43 hours.

The smaller flood has defirutely taken Jonger than the Jarget.
.4 1EMr. Gunn confined himself to 2 simple statement of volumes
in the Lake C:?shan on given dates, the only question at 1ssue wou
the accuracy of his observations, but his attempts to confirm his obsers
vitions by other evidence lexds to contradictions G

WA b, ML~ o ' “normal " inflow? Dees M. Guor

of 09 feet a day means 3285 fect ‘]
. ear ago (1928) of 15,850 ar}d the I‘C"“c
ven level of 15,885 at which the Ia
burst.
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Lether Mr. Guon's estimate of the solume of the lake is wrong, or
his obsersations and deductions about the average inflow are inaccurate.

5. Mr. Gunn's attempt to co-relate the inflow into the lake with
the tenperature and discharge curve at Khalsar is neat, but leads to more
inconsistencies.  From Ist to middle of August, the temperature discharge
curve indicates a flow in the Shyok of about 40,000 acre feet per day.
On page 56 Mr Gunn intimates an inflow to the lake of 6,580 acre
feet. He saw no rexson why the two discharges should be in any way
co-related ; however 6380 18 16 per cent of 40.

But this gives a nise duning the period of higgest inflow of 055
feet per day against the 09 feet arrived at by different observations.

Turning now to Table I1 on page 57 and converting the cusec dis”
charges into acre feet it 15 found :—

Khalsar. Gapshan. Per cent
June . 60,000 5,000 83
July .. 1.320,000 115,000 87
August .. 2,100,000 183,000 87
September 720,000 63,000 87

Why should Mr Gunn suddenly vary the percentage from 16 per
cent to 8 per cent ? [t follows that a trifling error in the per cent. relation
will result 1n a considerable error mn the estimate of Lake Gapshan
volume, even 1f 1t 1s assumed (which the speaker did not admit) that
there is any comparable relation at all

6. Another speaker will deal with the loganithmic equation on page 58
so he would pass directly to the application of Manning’s formula to
evaluating the discharges, on page 60.

In Manning's formula S, the slope is that of the total energy line
and represents the loss due to friction arising from the periphery and not
from energy lost in standing waves and genuine mechanieal turbulance.

{t is not even the slope of the surface unless the surface and T, E.
line are parallel  The slope of the surface 1n flood is therefore useless for
the purpose. It 1s even more useless to take the slopes mentioned on
page 54 which appear to be purely arbitrary averages of differences in
levels.

7. The essumption that ”# X S § remains constant is of course
fundamentally incorrect.

The Table IIT on page 61 is instructive in this respect,

(i} Generally speaking, Kalabagh is the only site where Manning's
formula is in the least degree applicable.

(i). At Attock the slope appears definitely to be too low and headjng
up appears to have taken place above.
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(ifi}. The other slopesare far too high and indicate that falls and
smechanical turbulance existed. This is borne out by the resulting N.
N as such cannot possibly vary from 0'1651 t0 0:02)2. Clearly the slope
faken in the first cases is excessive and so N must work out too big to
compensate the value of K.

(iv). Acam it appears improbable that the velocity should rise from
12f. 0.5 to 5 { p s as the slope falls.

(v). The one exception tothis is the velocity at Skardu, Cross
sections at site were not given, so the speaker was unable to look for 2
physical explanation.

He suspected an arithmetical error, so looked through such fgures
as were given

On plate XV compare stages 2 and 3.

Lo 5 ceman Lo Sedoygly there ds an abservational
ertor " - © +and stage 3is 44000 square fert
respectively ?

oW

Clearly the Skardu chservations and consequent caleufations a%e
definitely wrong

8 Mr Gunn draws a misleadi fusion in ting the
vanation 10 N 1s due to turbulance  It'is due to his assumption and bis
application of Manming's formula being unjustified. :

9 The speaker endorsed Mr Gunn's suggestion for further investi-
gation and defined the problem as an enquiry into flood transmission DY
waves which could be carried out in the laboratory by measuring the fate
of rise and time |ag of an efflux from a measured tank, due to the influx
of a known discharge
t Id- Nok Chand, supplied a written communieation in which he
stated —

That the Author expected someone to carry out further investigations
of correct co-sfhcrents far mean velocities. Though not jmpossibie. thiz
problem 15 practically difficult for high floods at places like Aock sud
Kalabagh At these places even a motar launch will not be able to emai
steady tor accurate measurements of mean velocities 1 tried 1o obler™
mean yiln.ity at Attock by lowering the meter from the bridge: bt
the urbulance and the high velocity would throw up the meter to surface
and would not allow 1t to sink althouzh the weight attached to it w2

bs
PR TR [ . ven e o, +. 1A that even

for these sites during floods .
he reduced datum levels of water surface for Skardu Bunjiand Chx\fi
are not given by the Author, and it is not possible to get any asccun'e
PIONCA At SO T T ope for the resch Sati
- ' . S given as [9 feet per mile
- ' ; assumed to be the sme
e o o578 feerin 2000 feet
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L2
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width is neardy 4 times the longitudinal slope  which seems unlikely
. A . . o i} [ e | [ I
. that

“The Author says on page 65 that flood marks at any one Phcc noticed
inoneyearcannotbctakenasaz"-' » IR & AR Bt

This is because there are so m:
,' N M m L - -
A e Diugal,
'- T Teing 12
v L " being
' " * rly the

same time as those from Khalsar,

“The Author has given a discharge curve for Khalsar, But he does not
supply the details of his observations to show how the mean velocities
wero arrived at . or whether they are all based on his hypothetical co-
efficients  Snce the Author has fixed a gauge at Khalsar, it would have
becn better if he had calibrated this gauge, and given a comparative curve
of Khalsar and Attock gauges.

In working out his logarithmic formula the Author has based his
calculations on a curve of Attock gauges plotted against discharges at
Kalabagh which is 100 miles downstream, This curve when plotted
differs from year to year and any mean line as a fairly accurate guide
cannot be chosen  The Author has nat said what time-lag he assumed
between Attock and Kalabagh which in itself 15 very variable,

The discharges taken for Kalabagh are only for a range of discharge
up to three hundred thousand cusees and it is not safe to exterpolate a
eurve for nearly double  this supply Nor can the formula be considered
accurate for supplies beyond the range of observations when it involves
so many uncertain factors -

Local heading up at Attock taken as 3 feet by the Author cannot
always remain constant. The amount of silting or scouring in the river
bed at Attock at any period is a variable quantity whose value cannot be
stated without actual measurement  But Attock is simply a gauge site
and no soundings or discharges are observed by the Discharge Division at
this site. Any arbitrary assumption ahout the bed at Attock will render
the formula inaccurate and make its utility very doubtful.

The Author does not give the maximum lake level of which he found
traces available R
record flood at t! .
observed at Attoc -
Working from th
charge was nearly 696,000 cubic teet pel SLLUUU SRSt the & ||
worked out by the Author's formula, | R

The future damming up of the l_ndux supplies may not be a1 *
place of last year and may take place in some other tnbutary }

Peh as Nubra or Shigar which Fave glaciers of very large

| AN
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though not yet explored. 1fso, a gauge in the Gasphan Iake will be value-
less, and all the warning arrangements from Khalsar_of no avail.

Mr Gunn in replying to the discussion, said=—The Author wishcs
to thank Mr Crump for the care he has given to introducing the
naper and to criticising the results set forth in it.

It may clear matters somewhat if it is again emphasised that
while the figures are correct so far as it lay in the author's power to
observe them, the data are not sufficient to warrant any definite

* conclusion being accepted finally.

In regard to the ?(a]abagh discharge formula 1t was the best the
Author could derive with the data at his disposal and can enly be
applied to a river bed free from silt Hence the acceptance of the
observed discharges before and after the flood, It must also be
remembered that the volume of the lake 15 only an approximations
and this combined with the absence of any positive depth measure-
ments at Attock, led to the acceptance of the approximate figures in
the table.

Mr. Crump has taken the study of the gauge discharge curve
at Attock a step forward and produced a much more reasonsble
co-efficient for reducing surface to mean velocities, but in doing
so he produces also the result that the discharge of the Indus was
2,72,000 cusecs mstead of the 2 37,000 reported an excess of over 10%-
The question s still open for further research.

Mr Crump's study of the movement of the flood below Attack
is interesting and worthy of close attention.

Mr. Khosla's kindly eritiism calls for Iittle comment. The Author
would only remark that owing to the nature of the flow all hydraulic
flow formulae are equally napphcable and Manning’s scemed the
simplest and was adopted.

Mr. Montagu appears to have misunderstood some points in the
Eaper. The particular ** narmal inflow > might more properly have

ecn called inflow to be cxpected 1n normal weather. Obviously the
rate of tise depends on the surface area of the lake and decreases
for the same discharge as the watcr level rises
he Author would also point outthat he was not attempting to
confirm his observations, but to see how far the reports receive
tallied with the abservations made .

¢ Montagu’s difficulty regarding the sudden change in
percentage of dincharge may bo cleared by a reference to ta le
where 1t ean be sexn that the Knalsar discharge is in cusecs and not
in foot acres.

e author is much obliged to Mr Mon'agu ‘or pointing out the
#pparent source of error in the Skardy observations, he will investigste
the matter on his return to India He had also taken much time
checking the arithmene.

L Nok Chand's remarks call for no special reply. The Author
would merely remark that his statement regarding ﬂoo! marks on the
right bank was meant to refe, to the intermedhiate stages of the flo
and not to the maximum.
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EROSION IN THE PUNJAB HIMALAYA AND ITS PROBABLE
EFFECT ON WATER SUPPLIES.

By
L B.Hortanp ano H. M Grover, I F. S,

The subject of erosion on the d of forests
in the outer Himzlaya is engaging the attention of the Punjab Govern-
ment, and 1t is thought that you may be interested to learn the views of
Forest Officers on this very important subject.

Two technical papers have recently been pubhshed, * Denudation
of the Punjab Hills, by B. O. Coventry, I. F S., Indian Forest Records,
1929, and * A Report on Denudation and Erosion m the Low Hills of
the Punjab,’ by L. B. Holland, I F S, 1928 : the latter as the result of
a special enquiry in 1927-28. In this paper the general aspect and extent
of erosion and its probable effects on water supplies will be discussed,
and in order that the problem may be easily understood some description
will first be given of the hical, climatic, geol 1 and other
factors

The Pun‘lal? consists of low lying alluv‘i?l lands m front of the

exception of the Indus and Sutley which nise in Thibet, lie either in British
territory or 1n States under the political control erther of the Government
of India or the Punjab Government
The rivers are tapped by canals where they enter the plains and again
lower down where drainage fror‘n the country below ths head works has
- 1 TR PR | oy PN B R | v

ltmng Snow ; and 1n the monsoon the
' v tion of
pproxi-

Year 1926-27-Cushecs at Bakhra.
O .

ctober . .. 7,000
November . .o 5500
December . o 4500
January - .. 3750
February . .. 4000
March - - 4250
Apnl . .. 5,000
May . .. 8500
June . .. 20,000
July . o1 50,000
Aungust . .. 75,000
September . 25,000

Maximum flood August 10th, 150,000 cusees.
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though not yet explored  If so, a gauge in the Gasphan lake will be value-
less, and all the warning arrangements from Khalsar of no avail

Gunn 1n replying to the discussion, said—The Author wishes
to thank My Crump for the care he has given to mtroducing the
raper and to criticising the results set forth mn it.

It may clear matters somewhat if it is again emphasssed that
while the figures are correct so far as it lay in the author's power to
observe them, the data are not sufficient to wavrant any definite
*conclusion being accepted finally.

In regard to the F(alabagh discharge formula it was the best the
‘Author could derive with the data at his disposal and can enly
applied to a river bed free from silt. Hence the acceptance of the
observed discharges before and after the flood. [t must also be
remembered that the volume of the lake 15 only an approximation
and this combrned with the absence of any positive depth measures
ments at Attock, led to the acceptance of the approximate figures in
the table,

Mr. Crump has taken the study of the gauge discharge curve
at Attock a step forward and produced a much more reasonable
co-cficent for reducing surface to mean velocities, but in doing
so he produces also the result that the discharge of the Indus was
2,72,000 cusecs instead of the 2,37,000 reported an excess of over 1074
The question 1s still open for further research.

Mr. Cramp’s study of the movement of the Aood below Attock
1s interesting and worthy of close attention.

t. Khosla's kindly criticism calls for httle comment. The Author
would only remark tha' owing to the nature of the flow all hydraulic
flow formulae are equally wapplicable and Manning’s scemed the
sumplest and was adopted.

Mr. Montagu appears to have misunderstood some points in the
peer. The particular “ normal mflow > might more properly have

een called inflow to be expected 1n normal weather. Obviously the
rate of rise depends on the surface area of the lake and decreases
for the same discharge as the watcr level nses

he Author would also point out that he was not attempting t
confirm his observations, but to see how far the reports Teceitc
talled with the observations made .

r Monagy’s difficulty regurding the sudden chmie "

percentage of dicharge may be cleared by a reference to table 2
where tt can be seen that the Khalsar discharge s mn cusecs and not
1n foot acres.
. e author is much oblized to Mr Monasu “or pointing cut the
apparent Source of error in the Skardy observations, he will investigat®
the matter on his return to India. He had also taken much time
checking the arithmetic.

Nok Chand's femarks call for no special reply. The Author
would merely remark that his statement regarding ﬂuo! marks on the
right bank was meant to refer to the intermediate stages of the fo
and not to the maximum.
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EROSION IN THE PUNJAB HIMALAYA AND ITS PROBABLE
EFFECT ON WATER SUPPLIES.

By
L B. Hotrano ano H. M. GLovm,l F.S.

The subject of erosion n the d of forests
in the outer H|malaya is engaging the at!enhon of the Punjab Govern-
ment, and 1t is thought that you may be nterested to learn the views of
Forest Officers on this very important subject

Two technical papers have recently been published, * Denudation
of the Pun]ab Hulls," by B. O Coventry, I F S, Indian Forest Records,
1929, and * A Report on Denudation and Erosion in the Low Hills of
the Punjab,” by L B. Holland, I F S., 1928. the latter as the result of
a special enquiry 1n 1927-28 In this paper the general aspect and extent
of erosion and its probable effects on water supplies will be discussed,
and in order that the problem may be easily understood some descnphon
will first be given of the 1, chimatic, geol 1 and other
factors

The Pun]ab consxs!s of low lying alluv:al lands m front of lhe

LT T U Tt T

01 Indid of Wie L ubjau aovernment
Tha erre rs ara tanned hy canale wheare thay antor tha nlalne and ot

the water escapes to the sea and 1s lost to the Province. Somc approxx-
mate figures of discharge of the Sutley river may be of interest :—

Year 1926-27—Cusecs at Bakhra.

Qctober .. 7.000
November . .. 5500
December . 4,500
January . . 3750
February . .. 4000
March . . 4250
April . 5000
May - - 8500
fune . .. 20,000
July . .. 50

August .. .. 75000
September 25.000

Maximum flood August IO(h |50 000 cusecs,



Tt Erosion in the Punjab Himalaya.

Rainfall.
Therainfallis profoundly affected by the summer monsoon. During
July, August and September the moisture laden winds from the
Arabian Sea and from the Bay of Bengal strike the barrier formed by
the Himalaya and the clouds drop the greater part of their water contents,
and as they pass in successon over the inner ridges more and more water
s dropped until the great Himalayan range 1s reached where the last
rain is precipitated. Beyond this barrier very hittle rain falls and the
country is dry and stenile. In the spring and autumn little rain falls
or weeks on end. In the winter snow falls m the inner hills and
accumulates to depths of several feet. In Tibet there is no rain during
the spring, summer and autumn and in the winter snowfall is Jess than
in the in:er Iullls Solmc ‘ﬁgurcs may be quoted :—
" Al e PRy .
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snow : Foo 20U miles by road from Simla has a rainfall of only 14 in-
ches. Rainfall varies with elevation, and whereas the tops of the hills
are often moist the valleys are dry and stersle. In the inner Himalaya
the streams are glacier fed and towards the Thibetan border winter snow
and glacters form the sole sources of supply of water to the streams.
Geology.

A sketch of the geological features must of necessity be brief and only

a short general account 1s given 1n order to render this paper intelligible.
¢ main mass of the Himalaya consists of gramte and crystalline rocks
Spiti contarns thick beds of fossiif; 1 Ii y strata;
the inner Himalaya consists of crystalline rocks and metamorPhN{d
sedimentary strata twisted and contorted il all traces of their organic
contents have been lost  All these formations are more or less stable and
the hard rocks are not liable to displacement The mountain ranges of the
imalaya were formed by the eflects of pressure from the north which
caused their upheaval when confronted with the buttress formed by
Hindustan. In front of the nsing Himalaya were deposited in shallow
sea conditions the Tertiary sandstones and clays which in their tun
took part 1n the general uplift and were folded and bent and now occupy
the zone of the outer hills from Sabatu to Hazara, In front of and on
these strata were deposited detritus and the Siwaliks form a range in
front of the Himalaya consisting of s~é friable sandstones and pebble
beds which i their turn have been folded and elevated. The plams
consist of vast alluvial sediments deposited in front of the Himalaya.
Effect of forest on rainfall.

The rainfall 15 affected by the geographical position of the locality
and is duc to causes on which forests have Jittle effect. It is thought that
forests increase local precipitation but the evidence therefor is some-
what vague and indeterminate,
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Effect of forest on run off.
A forest consists of trees or scrub ;

orest, consists of frees | seru an_d_l;e}ow the trees is a mass of
' B . L e R
many of which are permanent, Only when the surface s;:ilni;h;‘um!,'
saturated does the water run over the surface. Thus rain which ‘("Ixi.
during the summer monsoon emerges some weeks or months later (‘ s
springs and replenishes the autumn and winter supplies of the fom
The soil 1s retaned 11 situ : the water in forest streams is clear and“ém.
not contam much sediment 1n suspension  Far different 1y the Hoﬂ
of ramfall on barren slopes  The soil 1s thin and hard, and rai| ehm
1t falls runs over the surface soil and enters the streams during '},::I <n
on-

soon.

As forests disappear more and more water enters th,

- € st i
canstantly broaden lhexlr channels which are insufficient ::“2! whx;h
largely increased supplies. Floods ich ; 1y the
b gely increased supplies oods occur which increase rapigly £

August 1928 in the Chenab and Jhelum nivers and the p Teiveny; of
in the Jhelum and Indus rivers to quote only very recen; }:.S( s of 1929
ory,

i A f ar

wate
vl

to b : . . i .
that the intensity of Hoods 15 rendered greater by the 3, omatic

forests and 1t is of interest to exammne the sources of sy "[&:ncg of

and the condition of forest growth and soil cuvering iy y, 98 riyers
areas T Gichoneny
Conditions in Catchment areas.
We may for the purpose of this note divide the Hum,
broad belts— "‘L‘oﬂ»_,t,
(a) The zone bordering on Tibet,
(5) The inner Himalaya, and
{c) The outer Himalaya.
(a) The zone bordering on Tibet.
R L Y Y | .
. o S e e
PR . . . N

country is desolate in the extreme and only where waw, X% T
by
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been built is cultivation possible. A few briars and junipers occur at
wide intervals ; carragona and wormwood bushes take the place of grass.
but usually there is nothing but bare precipices and rock screes. At
high elevations there is sometimes a bittle grass and in side valleys some
forest. Vegetation here is scanty and has hittle effect on the water supply.

() The inner Himalaya.

As the region of monsoon rainfall is approached vegetation appears
and forests, which at first are confined to the side valleys, gradually cover
the uncultivated slopes. To the south of the great Himalayan range
vegetation increa L ! ’ : -
belt ; above and .
which are fired .

no doubt that the wnoie countty was tormerly covered with 1orest anu
aloxa, P DO -ac 1 . 1 Yor r :‘l'[.rng

. 138

In the forests the soil 1s deep and moist and when the trecs were
cut and burnt magnificent field erops were raised, but at the end of three
or four years the soil had largely eroded and had become sterile, The
land was allowed to e fallow for many years until a fresh crop of bushes
or trees again covered the ground and was burnt for manure.

Below the main forest belt the ground was terraced and feld crops
were raised ; but as the forest disappeared the soil became thin and sterile
and capabl: only of supporting a thin crop of grass. Over large arcas
in the Sutle) valley there are remains of cultivated fields which are now
incapable of carrying field crops except in a few favoured places where
the soil has been retamed. The sprigs have dried up and no longer is
there sufficient water for irrigation.

The more valuable for.sts have been demarcated and worked for
timber for export, but as the price of timber i the plains rose some
Indian States took advantage of rising prices to cut down their forests o
which the Suket State in recent years forms the worst example. During
the war the Suket forests were cut down till in 1919-20 the Commis-
saner asked for them to be insp cted, every tumber tree in acressible aress
was felled or marked for felling, and although a temporary check was given
to exploitation in 1920 timber has since been extracted ;  the fires of 192/
ravaged the forests and little or no timber can now be available for
future generations.

Fires both accidental and malicious are always to be feared and in
1921 in connection with the general propaganda against Government
hundreds of thousands of acres of forest wers burnt to the great
depletion of the economee resources of the country I 1923 oods
occurred in the east of the Province and it is thought that their intensity
was aggravated by the destruction of forests by fire in 1921,
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Fortunately in the inner Himalaya the geological structure of the
LI [ 0 P -1 PO JOR S, fr. -t S L

to prevent serious erosion and some water 1s retamed.

The conditions of the inner Himalaya are on the whole satisfactory
and no spectal action 1s called for provided always that the present forest
policy s adhered toand that fires and shifting cultivation are kept in check.
In the Indus catchment area the deodar forests of transborder states
have been cut over heavily 1n recent years, but the country has lately been
brought under British mfluence and 1t is hoped that the forest will be
preserved

(c) The outer Himalaya.

In the outer Himalaya conditions are very bad indeed : the forests
have largely disappeared and all vegetation in the village waste is sub-
ject to very heavy grazmg by both local and migratory flocks which are
slowly but surely destroying all tree and bush growth. For details
regarding the disappearance of the forests you are referred to Mr.
Holland’s Report on denudation and erosion, 1928,

Throughout the outer hills forests have either entirely disappeared
from the village waste lands or are in danger of extinction Tracts of
land are still scantily covered with trees, but one feature is common to all
forests such as are not demarcated as reserved or protected forests under
the control of the Forest Department, namely the complete failure of
reproduction of any species except the more xerophytic bushes, such as
carssa, dodonea and  adhatoda vasica which are not liked by sheep
and goats. Over wide areas the destruction of the forest growth has
laid bare the soil ; the grass itself has disappeared and the productivity
of the locality has most seriously diminished.

On the Tertiary formations the hard sandstones interbedded with
clays prevent t}u: foera!wn of extensive landslips ; but surface erosion
. o PR Y .. - - Y S

It may be thought that we are exaggerating the evils : we know that
we have understood the case and will end with a quotation dated 1877
from the Punjab Land Administration Manual, hs 728 to 730,
concerning the Hoshiarpur chos. *
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728, Effects of denudation of Siwaliks on cultivated lands in
the plains.

A generation later the effect of the denudation of the low hills, which
inevitably resulted from the policy then adopted, on the rich Siwal tract
of Hoshiarpur and Jullundur had become so great that the matter was
forced on the attention of Government, The Deputy Commissioner Mr,
Coldstream, and the Conservator of Forests, Mr. Baden Powell united
on urging the necessity of prompt remedial action, and the Commissioner
of Jullund r Acthur Brandreth, strongly d them.

723. Mr. Brandreth's presentation of the case.

His graphic description of the effects of neglect is worth quoting :—
“The lower Siwallk * * * * is a long low range of
IR T S DR RESNOL IS TO0 SRV JC TS JT R B WA Ty S

1o of tha smamnv and wat wmada avar ba tha caseanten thaea Rl elanae

the Kajas or to their successors, the Dikh kardars, but it yieldea a sort
of cover for game, and was 1 lly p d; and as
the towns were not then very wealthy, and peasantry had hard enough
work to produce the heavy revenue then demanded there was little demand
for fuel, and few persons with leisure to cut it

* * * * . * *

* The stunted brushwood had, however, one great valuc. It
covered the sandy soil by 1ts roots and by the grass which grew in its shade.
The cool air from the shaded hill-side arrested the passing clouds and
produced a constant and almost regular rainfall, which, checked by the
leaves of the brushwood and grass, poured down the hillsides at & gentle
pace, and, bringing with it all the soluble products of the decayed leaves
and grass, spread its wealth-laden waters over the plains below, whicl
thus became so renowned for their fertility as%o be known as the garden
of the Punjab

*“The scene now 1s far different,

“ o . * - * * *

** The hillsides were divided among the villages located on the hills,
and the whole brushwood and minor forests declared to be their property
village common open to every one,

“With the troduction of English rule, towns increased, wealth
and property abounded, and the ion of the inual demand for
forced labour created a class of labourers with abundant leisure, and in
search of eraploy . With the i ing wealth arose increased wis
for comfost,iand a large demand for d of all sorts iy
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soon sprung up, and the unemployed class found the brushwood and low

jangal of these hillsides a mine of wealth open apparently to every one.

With our large public works and railways the demand increased still

more, and the hillsides were consequently 1n a few years stripped of

everything that could by any possibility be used for firewood. Where

thc‘dlstance from lhe: towr{s was too great the sh]ll anore des!ruihve char-
' - S - e aemn

them some little sum for the rights of cutting and the charcoal burners
generally pard Rs, 2/- or Rs 3/~ for a year's liccnse  They could not be
expected to consider the future loss to their children, still less to care for
the villages below the hills, which were slowly being runed.

e v . .

Wi’:en. owing to the creasing pressure of the clouds, ran dots at last
all * * * The condensation produced by its fall
on the heated soil produces * * * a great downwaid
rush of the heavily laden upper air, and the late rain soon
4 P AT et
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* *

retain 1ts moisture fora long period. But gradually the tale became very
different. Constant reports of deteriorated crops and dustressed villages
and tenants unable to pay their revenue 1eplaced the uniformly pres-
perous report of former days: traffic and trade was checked by the great
development of these vast sandy beds, which intersected all the main
roads: and further demands for remission began to pour in from villages
beyond the action of flood, but whose fields were being buried by the
masses of dry sand brought from these torrent beds by the windstorms
of the hot weather. Nor was the injury confined ta the agricultural
peasantry only. The increased volume of waters thus suddenly brought
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728, Effects of denudation of Siwaliks on cultivated lands in
the plains.
3 v 1 " ot 1 AR fa1 tn 1°.r

forced on the attention of Government  The Deputy Commissioner Mr.
Coldstream, and the Conservator of Forests, Mr. Baden Powell united
on urging the necessity of prompt remedial action, and the Commissioner
of Jullundur, Mr Arthur Brandreth, strongly supported them.

729. Mr. Brandreth’s presentation of the case,

His graphic description of the effects of neglect is worth quoting :—
“The lower Stwahk *  *  *  * is 2 long low range of
RN I N | DRRDS NP RSP, I sLa- Lal, ~fatoT M 'ndur'DOab, fﬂrming
+tract. In the days
. serty of the Raja or
lord of the manor, and not made over to the peasantry, these hill slopes
were cavered with a low stunted brushwood with a few trees here and there
*ox % This manor forest growth was not of great value to
the Rajas or to their successors, the Sikh kardars, but it ytelded a sort
of cover for game, and was ly lly p d; and a3
the towns were not then very wealthy, and peasantry had hard enough
work to produce the heavy revenue then demanded there was little demand
for fuel, and few persons with lesure to cut 1t
» * * * *

* *

“The stunted brushwood had, however, one great value. It
covered the sandy soil by its roots and by the grass which grew in its shade.
The cool ar from the shaded hill-side arrested the passing clouds and
produced a constant and almost regular rainfall, which, checked by the
leaves of the brushwood and grass, poured down the hillsides at a gentle
pace, and, bringmg with 1t all the soluble products of the decayed leaves
and grass, spread 1ts wealth-laden waters over the plains below, which
thus became so renowned for their fertility as%o be known as the garden
of the Punjab.

“The scene now 1s far different,

oo . * - * . .

** The hillsides were divided among the villages located on the hills,
and the whole brushwood and minor forests declared to be their propert¥
village common open to every one

“With the troduction of English rule, towns jncreased. wealth
and property abounded, and the i the continual demand for
forced labour created a class of labourers with abundant leisure, and in
search of eriployment.  With the increasing wealth arose increased wﬂl
for comfort,'and a large demand for firewood of all sorts consequently
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soon sprung up, and the unemployed class found the brushwood and low
jangal of these hillsides a mine of wealth open apparently to every one.
With our large public works and railways the demand increased still
more, and the hillsides were consequently 1n a few years stripped of
everything that could by any possibility be used for firewood ~ Where
lhe‘d‘lsfancc from th? tcwr‘as was too g:eat the sn)ll more deslmﬁnve char-

. LA RS S UUD R PO G VTOL [0 IJSRPOU S N
.o e . " far '
- '

When, owing to the mcreasing pressure of the clouds, ram does at Jast
all * * * The condensation produced by its fal|
on the heated soil produces * * > a great downwad
rush of the heawily laden upper air, and the * * * late yain soon
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retamn 1ts moisture fora long perind  Kut cvadually tha ¢ala boeeee
different. Constant reports of

and tenants unable to pay the .
perous report of former days . .
development of these vast sandy beds, which intersected all the mai
roads: and further demands for remission began to pour in from villages
beyond the action of flood, but whose fields were being buried by the
masses of dry sand brought from these torrent beds by the windstorme\,
of the hot weather. Nor was the injury confined to the .. .° * g
peasantry only. The increased volume of waters thus sudden'
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down soon carried away the bridges sufficient for former times and com-
pelled a speedy extension of ** waterways ** and further expensive bridging
both on the Grand Trunk Road and the Railway, end when even these
grovec} insu'ﬂé'cxent the waters submerged the country far and wide. *

730, Results of delay in taking action.

The picture is highly coloured, but it can hardly be said to be
exaggerated. Soon after in reporting on the assessment of the Hoshiar-
pur tehsil Captan J. A. L. Montgomery pointed out that, owing to the
destructive action of the chos or sandy torrents issuing from the Siwaliks,
cultivation had decreased by 12 per cent. in 30 years.* As we shall
see, action was greatly delayed, and things went from bad to worse. In
1897 the Financial Commissioner wrote :—

* Duning the last period of ten to twelve years on account of the
action of the chos 1n Hoshiarpur and Jullundur 16,650 acres of land have
been converted into cho beds, or have totally lost their productive power,
while 23,260 acres 1 addition have been damaged. Government has
vemitted Rs 11,835 land revenue, and has in addition suffered or is about
to suffer by reduct:ons in the rent rolls of the two districts an annua] loss
of Rs 34719 land revenue, while the people have lost at a low estimate
over 20 lakhs of rupecs in the market value of their lands.”

The chos increase in size every year despite remedies provided by
the partial appl.cation of the Chos Act 1900 ; the water level is sinking
in the Hoshiarpur, Jullundur, and Ambala Districts and enquiries are
now being made by Irnigation Specialist Officers as the fertility of Jarge
tract> 1> endangered  This apart entirely from the danger to canals and
the shortage of winter supplies in the Punjab rivers

Summary of the causes of the recent disappearance of the forests.

Previous to the British occupation the Punjab was in a very d;’“."b'
ed state and hife and property were unsafe. Each little hill baron lived
n s castle and his people pursued precarious occupations within the
enclave of the state protected by the traops, dd raids and fighting were
common  No one could wander far afield without armed protection
and the migrations of nomadic flocks were by no means so extensive s
they arc at present  To quote from Lyall's Land Resvenue Settlement
of the Kangra District 1865-1872  ** | have heard old shepherds s3y
that down to Brinsh rule 1t was like running the gauntlet to convey
a flock across the low country to its “ban "’ (winter grazing ground)
Every petty otheual or | landholder tried to exact 28
the flock passed him  a mild man easily daunted had no chance, and the
gaddis picked out their ugliest customers for the wo

ners tor R
® The action of chos 1+ not purcly dirtructive. sy frem the Hills

atter the heavir sand has becn dropped, the deposits they tpnad are ofjed

very furnlzin,. Dut vherover the hills from which they run are doow

of vegetation snd consist of sandstone rocks, Jows must far cxceed goin.




’

Erosion in the Punjab Humalaya. 81

With the peace and prospenity brought by Brtish occupation not
only did lozal flocks increase but they wandered farther from the home-
stead and lit2rally ate their way through the forest a superimposed burden
was and still 1s the grazing and browsing of nomadic flocks  Durmng the
summsr they graze on the luscious pastures of the high hills whence
during the autun T ! ' o ow and
spread over the left in
a constant endea . e agamn
enoy the luxuriant pasturage of the high hills There 1s not enough for
these flocks to eat: gaddis from Kangra with numerous flocks of sheep
and goats, graziers frlum Kanawnr‘ and'the‘ hug'h hills a‘ndr Gu')ars w‘t‘h

sequences of a weak forest policy on the destruction of natural resources.

The Rajas had regarded the forests as their own spectal property
and prevented encroachments thereon and grazing theremn as interfering
with thar sport as a consequence the forests wereintactwhentheBrtish
first accupied the Punjab  The first British land revenue settlements
handed over such areas to the villagers as stamidat, os village common
lands, and as the villagers realised that they now had nights in lands from
which they had previously been excluded each man endeavoured to
gather what he could for his own and reaped a present advantage from the
sale of firewood to the nearest cantonment or town which sprang up
shortly after the land was conquered, and peace prevailed

Remedies.

The means to be adopted are the limitation of flocks and herds to the
capacity of the country side, the introduction of systematic pasture manage-
ment and the preservation 6f the village waste and the forests from abuse,
Early and s2rious steps must be taken to foster and preserve from des-
truction the scanty remains of the once extensive forest

Proposals have recently been mads for dams below catchment areas
in ordzr o meorease the winter water supplies of the rivers these dams
am ol o cnctrinted ab yact synanca and wa thonl .

ing works made by man are expensive, are mere palliatives and do not
remove the disease itself ; we must look farther afield and seck our reme-
dies 1n a more switable management of the waste lands of the Province.
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The second was to cross the river as soon as possible and to follow
PRSI T PO

cmalalafihionl sslasecnn amans i

)

desperately contouring the outer features, thus getting away from the
objective.
__Immeduately after leaving Guler and runming through extremely
o R LR TR TATORE ook, the line
nga at mule
. »s from the
gorge on to comparatively easy country.

At mile 52 another partial descent, involving further difficult location
work, was found necessary in order to negohiate the crossing of the Bathu
Khad (mule 53), an important tributary of the Banganga. Here azain,
full| use was ma:ie of the grade onﬂ(he descent and by the use of ll)gfu\

the river.

1n easy country, and still nising, the alignment follows the Teft b}“l‘
of the Daulatpur Nullah until 1t meets a massive conglomerate ridge which,
runmng 1 an easterly to westerly direction, effectually blocked all
efforts to get round ; a second and  somewhat longer tunnel had to b
sccepted.  Once through the ridge a short fall hrings us to Kangr
station site at mule 59.

Section Kangra to Palampur,

[ R e Iying to the

. . . .t pe drops 10

. ) . . 1y d,fﬁc_uh

. - . . something
over 200 fect.

und

From here th ! i it was fo
rom here, the valley opens out c?x_zsxdcr.:ably, _and_ it e
+ whichhne¢

PR IR P R TR B 13
N . . Lo N ymetate H"ﬂ
. -, PR « ance it’W’;
thought that owing to the danger of slips uccu‘n’ng, the alignment slo?
the dliff would not be feasible, and to avoid this a double crossing ¢ lh:
B had been p . On closer investigation it was found lh,
the conglomerate was both compact and well consolidated, and it ¥
considered that the money thus saved justified the risk being B5¢™
Results have entirely justified this decision.
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Kangra District,

‘Typleal Scrub Forest closed to grazing.

Photo, Aggarecal, 1995,
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Serub Forest—Trees lopped by Gaddis for fodder—Eroslon shown in background
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Serub Forest—Heavlly grazed—Erosion well advanced.
Kangra District.
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DISCUSSION.

Introduction.

Mr. Glover introduced the paper and referred to the opening
address of His Excellency the Governor m 1929, in which he suggested
that it might be necessary for Engineening Officers to be associated with
Forest Officers in order to devise means of checking erosion

Erosion had increased greatly in the last eighty years and was due
largely to the destruction of the forests by herds of sheep, goats and
buffaloes, which had multiplied owing to the peace and security brought
by the British occupation He dealt with the evidence afforded by
history and quoted from the Kangra Gazetteer showing that in Shah
Jahan's time dense scrub forests had covered the foot hills in the neigh-
bourhood of Mirpur but had now largely disappeared. He introduced
Mr. Holland who had wide experience of erosion in the outer Himalaya.

Mr. Holland in opeming the discusston made the following
remarks :—

** Since [ toured the low hills of the Punjab 1 1927 and 1928 from
Attock to Gurgaon to report on the erosion and  denudation | have been
convinced that the time is rapidly approachmng, if not already arrived,
when the ever mcreasmg destruction of the vegetation, not only in the
fotests but also throughout the willage waste, 15 bound to threaten your
canals.

1 believe the canals are threatened in two ways—

first, by ever increasing floods in the rains and
secondly, by steadily decreasing supplies in the rivers during the
cold weather.

Some of you may not have considered the effect of well covered hills
on the run off.

1 would compare a well covered hillside to a bungalow witha thatched
roof. The roof absorbs a very large quantity of ranand after the
ﬂ;n 15 over 1t goes on de—m e bl s Tl " v
hillside absorbs the rz
gives out the water
a high sub soil water
there is too a steady drainage into the beds of the nvers,

A denuded hillside resembles a corrugated wron roof. The
zuns off 1n floods and the ground a few hours later is dry,
saaks into the soil.

People are inclined to look on forests as inexhaustable but  thejr
destruction is only too easy and once destroyed it may take generations t‘

o
replace them.

You cannot plant up a denuded hillside with ysef .
begin with a poor form of shrub growth and as th ful trees, you have to

W T e soil conditj
slowly improve you may be able to introduce & better form of vt;:‘tsal‘x{:;y

rain
. Hardly any

N
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You have only to consider the Hoshiarpur and Ambala Siwaliks
which in 1854 were well covered with forest but which 20 years later were
naked. To-day the conditions are not much better, Certainly this is
so in those parts which drain into the Sutlej and Beas.

While mentioning Hoshiarpur and Ambala I would suggest that
the shrinking of the water level in the wells in these districts and
Jullundur 1s directly due to the denudation.

These hills used to absorb a very large quantity of water for the chos
in 1854 are said to have been well defined stream with deep beds but to-
day they are sandy wastes,

To give you some 1dea of the amount of water which comes off these
Jow hills 1 would refer you to the superpassages over the Sirhind canal at
Budli and Siswan.

The Budk: passage 15 about 10 miles from the foot of the hills. It
is 395 feet wide and 14 feet ligh. The following floods are recorded i—
1914 .. 31 floods maximum flood 75 feet.

1925 +o 31 floods maximum flood 83 feet.
1926 .. 25 floods maximum flood 7 5 feet.
1927 .. 21 floods maximum flood 104 feet.

That 15 to say a volume of water 395 feet wide and 10} feet deep.
The duration of the flood 1s not recorded.

The Siswan passage is 250 feet wide by 10 feet deep.

In 1916, 1921 and 1927 floods overtopped the sides of the super-
passage.

What sum you have had to spend on training works owing to dis~
forestation of the hills I do not know.

During my tour I saw a very large area of country which does not
affect any canal but does affect roads and bridges and as ] had to report
only on the Punjab hulls [ was not able to inspect the low hills of Poonch,
Jammu, Chamba, Mandi, Suket, etc. I have however seen a certain
amount of these areas at different times and 1 believe conditions there are
every bit as bad as in the Punjab.

To take some of the areas which affect the canals, for example the
Kangra Valley and Gurdaspur, that part between Pathankot and Duncers
which drains into the Ravi and Beas.

On first visiting Kangra you get the impression that it is very well
wooded district but on doser inspection you will find that 90 per cent. of
the trees are very heavily lopped. Every tree 80 lopped can bear no
flowers. No flowers means no fruit and no fruit no seed and conses
quently when the trees die as they must one day there are no young trees
to replace them,  The shrub growth is similarly steadily diminishing and
the local shepherds are compliining that they have had to abandon some
of (lixir old grazing grounds,

\
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1 have no hesitation in saying that the time is not far off when the
Kangra Valley will be reduced to the same state of desolation as the
Hoshiarpur and Ambala Siwaliks

The Gurdaspur District is worse than Kangra

Tiske the Salt Range or that part which dramns into the Jhelum above
Rasul. It is almost entirely denuded of all vegetation and most of the
soil has been washed away. | may tell you that the only forest produce
n some of the forests is stones

In the Jhelum forest divinon we still have 116,000 acres of so-
called forest which 1s open to goat grazing for at least nine months of
the year. As the goats devour every seedlmg which tries to establish
itself under the most trying  conditions these 116,000 acres of forest are
bound to disappear.

The cause of the destruction which 1s going on everywhere is the
unrestricted grazing of hosts of goats, sheep and cattle As the village
grazing grounds become unable to support the ammals the burden on the
forests become heavier and heavier and they too detenorate

To give you some 1dea of the number of amimals which this unfortun-
ate country is expected to support :

In' Kangra m addition to local ammals you have every winter the
nomadic Gaddi shepherds pouring down from the high hills of Kangra,
Kula and Chamba  Every year they come down to the tune of well over
three hundred thousand ~ [n Gurdaspur between 50 and 70 thousand
animals appear, * " 7 ! e P e e )
average 1"4 acres
say that it requi . R
condition, How 1s 1t possible to expect the vegetation to improve?

There 15 now a motion before the Legislative Council to abolish the
tax on goats, sheep and cattle in Kangra. If this 1s carried the number
are certain to increase and the destruction will be aggravated.

It is easy enough to pomt out the destruction which is gong on and
to indicate the remedy but [ confess the problem how to reduce the num-
bers of animals and to regulate the grazing appears quite insoluble but [
am convinced that unless action 1s taken you must expect the floods to
increase and the cold weather supplies m canals to diminish,

Mr. Kitchingman —

In south-east France you have a country not unlike Ly
its physical configuration  You have hills ani plams and g‘:hp;:;‘:ﬁ;,n
rains drop on the hills and the water drains down and waters the cultj 3
tions 1n the plans. Professor Huffel, the foremost authority in Fr. iva-
on the relation between hill veetation and floods, goesso far as to sa ﬂtrl;cc
the very ef:)?stence ‘g ‘}}"e glains people depends here upon a pmpery pn:t
portion of forest and shrub vegetation covering 1| -
Tivers, ¢ < the catchment ar 'JGS of the

. /
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In the middle ages the land was owned by large landowners who
carefully preserved the forest for hunting; rules were very strict. In
1727 the rules were revised and the punishment for forest offences made
very severe; the penalty for felling trees without the King's permission
was for 2 first offence whipping and banishment and for a second offence
perpetual galleys. If fire was used to destroy the forest the penalty was
cither the galleys or even death. These revised rules remained in force
until the French Revolution. After the revolution the forests were divided
up and declared the property of the villagers, in accordance with the new
ideas of democracy introduced by the revolutionary democrats, Wholesale
destruction followed, as it was bound to do. Not many years passed
Lofoma oo cton om0 T 0t n the increase. ..o+

..Several villagers

This is the stage

' «0st of the forests to
village nghts 1n accordance with our democratic principles we now watcl
the forests being destroyed—the only ones remaining being those in the
Native States where the forests are the sole-property of the Raj, and_in
reserved forests, which are the sole-property of Government. It is 2
maxim of Forest that divi hip spells the ruin of
forests and it may interest to know that the English, who are the most
famous destroyers of f-= + ' v D ]
for since the war fore - . T
to one sole-authonty L N .
1919 Let us come back to France and see how they solved the difh-
culty. They started by spending a lot of money on building large bunds
in the nver beds to stop the force of the floods and save their fields. But
they scon learnt that this was insufficient because the floods got worse
and worse every year and destroyed the bunds as soon as they were builts
and it was not til] 1843 that they realised that they must do something to
diminish the floods 1f they were to do any good at all, They surveyed
the land and divided 1t 1nto 1,462 nullahs which were liable to floods.
Of these 1,462, 168 nullshs are now finished They are gentle flowing
streams, cultivation has come back and prospenity returned. The Forest
service estimates that by about 1950, just about 100 years after work
started all floods will have ceased, Now how did they do this?

Describing what was done in ene particular nullah th Ler said s
Let us take the Ubaye rver. Tl':- "C-p"a—f: :\_-nul ah the ":c?- 2350M
acres of which lessthan 20 per  +
nullsh 1 48 miles M:\Lrlrlhc riv

e te Wt Vag o on At

D L T T A AN T R "o
e Gt e s " . < only 19,000
have been acquiced and  clased because to close the whole catchment
area would have interfered too much with the grazing rights But, as
in a'" these nullahs where work is going on, the villagers have graduwlly
sealised the value of the work and have voluntarily closed their lands and
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sold to the Forest Dzpartment no less than 14,000 acres of their own
village forests. To-day floods have entirely stopped in four distributaries
which are now beautifully wooded.

Now all this has not been done without a great deal of trouble
politically. It was not till 1860 that a law was passed authorising Govern-
ment to acquire land which was required for turning into forest. There
was at first a termible outcry against the Forest Department, the hill-people
complaining that their nghts were bemng ignored for the benefit of the
rich culbvators in the plamns  In the words of Professor Huffel * The
very title of the 1860 law * Reaff of the M ins’ " frigh d
the people. Was the Forest Department going to seize the whole moun-
tain, cover it entirely with forest, forbid agriculture and pasturage, so as
to bring hack the solitude and peace of prelustoric times? Violent
resistance was made by the hill-people to this law chiefly because much
of the cost of the work was debited to the hill-villages where the denuda-
tion had taken place as they were considered responsible for the damage,
After much political agitation a new law was passed in 1882 and this 1s m
force to-day. It gives Government power to take over the catchment
area of nullahs which are mn a bad condition but the cost of all work
is borne by Government, ¢, The taxpayer, because everybody m France
is considered to be mterested  So you see that we 1n the Punjab are not
alone 1n our difficulties—other countries have the same difficulties to face
and we can learn a lot from the experience of others

Mr. Prem Nath,

He was afraid he was not fully prepared to speak on the subject
before the Congress.

In connection with his duties he had on several occasions to visit
the inne: valleys of the Himalayas which form the basin of the Sutle), the
Ravi and the Chenab  He had noticed that the process of disintegera-
tion of rocks and the denudation of hill sides is rapid ~ This was largely
due to the exposure of soil or in other words the absence of vegetation
and to the free grazing of sheep and goats n the alpme pasture lands.
If we are to save the situation endeavours must be made to protect vege-
tation in the high hills and so he entirely endorsed the suggestions made
by Mr. Holland.

Mr. Mohammad Azim, Extra Assistant Conservator of Forests,
expressed Ius agreement with the views of the authors and urged the
necessity of afforestation to check landshps,

Mr. Brayne, 1.C.S,, Deputy Commussioner, Jhelum, supplied the
following written communication :—

He had been going 1nto the question of flooding m the Jhelum
District and found that except for the phenomenal flood of 1929, serious

ooding has only been caused when heavy local rainfall coincide with
a spate from Kashmir. This means that the denudation of the Salt
RDa_ng; is helping materially in the rum of the riverain tract of the Jhelum

istrict. The people complain that the bed of the river has risen and
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this appears to be true, But the cause to my mind is not the Rasul Weh
but the silt dropped when the flow of water is checked by the meeting of
the Jhelum with the Salt Range torrents.

A large area in the Pind Dadan Khan Tahsil is being rap'idly
depopulated by increasing salinity The cause of that at fiest sight
appears to be the laying bare of the salt strata of the salt hlls
by erosion  So much for the terrible damage being done by our neglect
of the hills

Reafforestation 1s a far easier problem, however, than many ptﬂp‘j-'
seem to believe In the Gurgaon hills we have the Maconochie experi-
ments which are 100 per cent. successful, and we have work started in
1925 which inspite of two failures of the rains already shows phenomenat
success, and near Jhelum we have the Pabbi experiment. The Gurgaon
hills consist of hard quartzite rock, whereas the Salt Range is already
in an advanced stage of decomposition, while the cold weather rains are
heavier and the frosts are far maore severe than in the Gurgson District
so that afforestation i the Salt Range is far easier than in the Gurgaon
hills, and 1f 1n Gurgaon in five years (including two famine years) such
wonderful results can be achieved we need have no anxiety about the
success which will attend any efforts made in the Salt Range.

The question has been recently discussed at two well-attended
public meetings at Jhe! — ~=d slees .- o LY R
as to the necessity of ¢ .
largely replacing itby  + 0«0 - . 3 . ,
to the disastrous results of deforestation, and all that is required is a
careful ised ign of public education to enlist the help of the
villagers 1n this important question,

-~ e,

fora = e N '
anice o - - "
conv

of p da for the subst of mutton for gosts
meat and wool for goats hair would effect a very Jarge reduction in the
number of goats hept.  These things would cost very little and constitute
a very signal advance. The erection of bands in the Salt Ran.~ would
be extremely popular and could be combined with afforestation in such 2
way as to make that also popular.

The main mnsredient to success in all schemes is the carcful and
patient education of the villagers to realise the damage dane by defores-
tatiun and the possibilities and advantages of aff

He wondered if it would be possible, in order to consinee the c('!uca!;
ed public of the urgent ity of aff ion, for the aff tion O
the catchment area to be included in the cost of maintenance of such
engincering projects as dams, bridges, banks, ete, Could the forest
experts and engineers make a rough  caleulstion es to the run off of 2
eatchment arca in its prescnt state and the estimated run off, say 10 ye
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hence when denudation has continued at the rate it is going on now,
and draw up the estimate for the project in the alternative? One cshmate
assuming that afforestation would be done to and the ather assuming
continued neglect and allowing a larger outlay to meet the i increasing force
of the water due to further denudation In this way it is possible that
the sanctioning authorities  would prefer the annual outlay on affores-
tation with its many other ad mn preference to the  ini-
tial expenditure on the capital outlay, necusltated by the continued
neglect of the catchment area  As 1t was, large sums were being spent
on strengthening every work and even then 1t seems certan that as denu-
dation proceeds the floods are bound to win, whereas if regular sums
were spent on aff within tle distance of time the
remedy will catch up the disease and floods will begin to decrease

Colonel Battye said that apparently engineers were being asked as
to what they could do to help In this matter he was of opinion that
lawyers could do more to help than engineers.

Regarding Mr. Brayne's suggestion he sad that it was by no
means original. It was now common practice in the North American
Continent to adopt afforestatton with a view to postponing the date when
the construction of storage dams became a necessity and_in some cases
to reduce their capacity  Afforestation was often a much cheaper method
of obtaning storage than the constructton of dams.

He also enquired as to what sort 9f area ‘_could|bi|3 afforested, In

Mr. Glover’s reply.
Mr. Glovcr in reply to remarks by Colonel Battye as to the cost of
which could be obtained by simple

closure and preventlon of abuses Nature lf gwen the chance would
clothe the ground with fore- - - -
artificial works. He drew
Punjab with those which h
as 30 well described by M. nucngman,







PAPER No. 136

THE SURVEY AND CONSTRUCTION OF THE KANGRA
VALLEY RAILWAY

By
Major R D WAGHORN.

The 1dea of constructing a ralway through the Kangra Valley was
by no means new, and various projects had been under consideration
since the year 1900.

bl c-- e - t-N~ing different routes were carried out

reports based on these schemes showed
Je unremunerative,

An @nial ropeway for the transport of goods was also considered
and dropped for the same reason  Some other justificatto 1 was therefore
necessary.

When the Mandi (Ual River) Hydro-Electric Project was first
mooted, itwas:  ° ° S ek
byroad An .
and the maxum

It was ongmally estimated that the first development would require
the transportation of some 20,000 tons of material from Pathankot to the
Power Station site, out of which some 20 packages at least would weigh
from 15 to 20 tons each, while_most of the pipes for the penstock would

“ CAn. . hea) t e meed el DLl Ll DU

1

necessary to—
(2) Strengthen or rebuld all the bridges.
(5) Remetal the entire route once or twice during construction,
(c) Purchase tractors and lorries.
(d) Make special arrangements for the maintenance of the
transmisston line.

On the score of cost and the physical impossibility of carrying
packages exceeding 22 tons during the second development of the
scheme, there was no pomt in pursumng this investigation further.

Various Tramway schemes were also considered by the Hydro-
Electric Branch of the Punjab Government :—

(1) Tobuilda Tramway along the road. An examination of the
road and 1ts steep gradients placed this proposal out of court as a commer-
cial proposition.

- JREUUR VY 25 D Snprve I A
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(3) To buld a tramway along the route reconnoitred by the
N. W. Ralway mn 1914, The difficult nature of the country, however,
precluded the adoption of this project also
In view of the possibility of the N. W. Railway extending the broad
<1 oofenalo oot mstenens st Mokerian to Talwara, the Hydro-
“plored the merits of a 2'-6”
Talwara to Baijnath,

This scheme was turned down 1n favour of a metre gauge project
which would allow of clectnfication at a future date, and was vigorously
advocated by the Chief Engieer of the Hydro-Electric Branch as the
most promsing solution of the problem.

As a result, datailed igati r ding the feasibility of a
metre gauge tramway following the same alignment, were carned out
during 192321 T v Y Y e
of a line betw

was Rs 98C

The itention was to extend the broad gauge Jullundur-Mukerian
Ine to_Talwara on the understandimg that this portion would ultimately
be paid for out of N W. Railway funds, for which there appeared to be
justification, the remainder of the line being constructed through the
Agency of the P W. D Hydro-Electric Branch, with funds provided by
the Punjab Government A ruling grade of 5 per cent. compensate
was selected, and a maximum curvature of 40°, and on the grounds ol
e cnomy the Beas crossing was to be effected by a submersible bridge.

In 1925 the Punjab Government referred the matter of this const~
ruction ' ' 7 o ' [ .-

tions 1t + . e
ference  *° o
struction and working of the line bemng undertaken by the N. W. Ra.ll‘
way As the traffic prospects of this ltne were not sufficient to justify
this construction being undertaken by the Government of India as 2
comnercial proposition, the Punjab Government agreed to guarante¢
the line  This guarantee was hmited to a payment of Rs four lakhs a yeat
foraperiod of 13years Inagreeing to this proposal the Punjab Govern-
ment stressed the urgent ity o ication being established at
the eatliest possible date m order that there should be no delay in the
introduction of the supply of current from their Hydro-Electric scheme.

%

In April 1925 preliminary investigations were started.

Topography.

Plate [~ Feam -7 —w®- - %1 L= . u1° 4y Pathankot to the
terminus at ricts of Gurdaspu?
and Kangra  portion of the ine

lying within tne nangra istnict,
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open valleys which widen eastwards, to be cut off by the succeeding Sub-
Himalayan ndge Finally, to the east of Shanan, the main Dhauladhar
range curving to the south-east closes the Kangra Valley, and separates
it from the mountamous valleys of Kulu to the east

The numerous torrential streams, fed from the snows ofthe Dhauladhar
range, in general continue 1n the same southerly and south-westerly
direction across these open alluvial valleys in deeply eroded courses.
On reaching the south side of the Kangra Valley, they are diverted in a
north-westerly or south-easterly direction along the north side of these
foot ulls  Here joining forces under the names of Banganga, Jugal and
Neogal rivers, they cut through these lower ndges which bound the
Kangra Valley to the south and, linking up with the tributaries which
drain the southern slopes of these outer hills, they continue southwards
to join the waters of the Beas river.

Talang advantage of these river valleys which traverse the foot hills,
the railway runs for the greater part of its course over the open valleys
of Jawali, Kangra, Palampur and Ahju to Shanan in Mand: State.

During early May these wide open valleys, covered with ripening
wheat crops and hedge rows of sweet scented roses and honey suckle,
contrast markedly with the inous d of the DI dh
range to the north. From a point of view of scenery it would indeed
be difficult to surpass the beauty of this Himalayan tract

During May and June 1926 a survey of the area traversed by the
railway was carried out by the Geological Survey of India.

Although Geological considerations did not play such an important
partin the final location of the line as was the case in the Khyber Railway,
the information was 1n some cases of very considerable importance.

In the section of line between Baijnath Paprola and Abju it is a
question whether sufficient consideration has been given to this aspect
of the problem

The alignment as finally fixed runs along the left bank of the Bhir
Khud, a nullah with very precipitous side slopes, composed of massive

jointed sandstones.

These dip into the river at an angle of some 35°, and a good deal of
trouble has been experienced from shps in this section It is possible
that it would have been cheaper in the long run to have accepted a some-
what expensive crossing of the Bhir, and carried the alignment up the
opposite bank,
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Trouble has also been experienced in the Valley of the Banganga and
the section between Nagrota and Palampur. Here sandstones alternate
with bands of a dark red clay ; this clay weathers very rapidly, causing the
overlying sandstone to fall away in large masses. In this case, although
trouble was anticipated, the position had to be accepted as there was no
alternative,

Tt 16 well known that the Kangra Valley is subject to intermittent
.earl!gguaku shocks, and was the centre of a very destructive earthquake
m

Foov ot R T L T R
quake . s
sustair d

comparatively immune.

These facts 'havc, wherever possible, been taken into consideration
L hese XA . B palt e

General Description of the line.

Plate I and 11.—The Railway 1s a single line of 2'-6" gauge and its
length from Pathankot to the Hydro-Electric Stores Yard at Shanan is
103’1 mules. Between Pathankot and Baynath the maximum gradient
is 25 per cent. and the maximum curvature 14° (=409 feet radius). Bet-
ween Baynath Paprola and Jogindernagar the gradient is 4 per cent. an!

! + - /- 10T L Jog). Between Jogindernagar and the
per cent grade has beenadopted, this
a siding, the terminus for passenger
. .mpensation for curvature has been
-gree, and all curves transitioned, the
Vool Sl oo Lao1EAL X TL ool € agrthwork in ban!
. » tunnels and over
.es of 40 feet span
. 122 recommended
- . " wide and 10"-6

high.
Survey and Location Work. General.~Plates I and 1.
. ldAs soon as orders were received survey parties were sent in to the
e
’rL.. RO IRPUEPR L ) W D SO S AU

- D imasimant were to 2

work was almost complete, it was found that maps to a scale of 4"t0 1
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mile were in print and avalable with the map section of the Forest De-
S S N o v AT

Those who have had experience of ratlway construction (or it might
almost be said of any form of construction work) where time is a vital
factor, will 1calise that the fixing of the alignment was a matter of primary
importance ; the acqusition of land, preparation of Cross Sections,
designs, and 1n fact everything being dependant upon it.

The problem was not an easy one. To have adopted the first
alignment that suggested itself without mvestigating other possibilities,
might have meant a great deal of unnecessary c‘pendnure, while on the
other hand there was the danger of overdoing the investigation of alter-
native routes, and a consequent loss of valuable time.

A mean had to be struck.
Section Pathankot to Guler. .

The location of this portion of the line presented few difficulties.
For the first 12 mules the alignment runs parallel and at a short distance
to the south of the P. W D. road, the Chakki niver being crossed at
mule 73. Here the first proposal had been to make use of the existing
road bndge; this proposition, however, was eventually ruled out, as
expenence has shown that the combination of a road and railway bridge
is a continual source of trouble A separate bridge has been built a short

distance downstream, giving us the advantage of protection from the road
bridge above.

. 1 ' R A

Section Guler to Kangra.

Immedately after leaving Guler trouble started, the problem being
the crossing of the Banganga or Baner Ruver.

fWﬁwomam ltermatives p 4 thernselves, and they were briefly
as tollows :—

To remain on the right bank and to effect a crossmg lf posslble ata
Pomt somcwhere near the P W D rnad heiden  Tha
— 1

adermbaran » .

almost 1mpossible LIL ol country Just short of Kangra tselt,
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The second was to cross the ri:er as soon as possible and to follow
RS A B I SR S ¥ - int

this portion would prove very costly, Experience has shewn that it is
always best to ** lump  the heavier work, instead of having to continue
desperately contouring the outer features, thus getting away from the
objective.

Immedately after leaving Guler and running through extremely
. X HN P PiotR g

gorge on to comparatively easy country.

At mile 52 another partial descent, involving further difficult location
work, was found necessary i order * o © et Bake
Khad (mile 53), an important trib
(R (i voa .

From
wrough &
Jopes of
the river.

1.6 haok
\

efforts to get round ; a second and somewhat longer tunnel had to be
accepted  Once through the ridge a short fall brings us to Kangra
statton site at mile 59.

Section Kangra to Palampur.

Baem Gomoeial Fee L'oe alo o o oo ey lyingtothe
' " . {ine drops to

N . very dnﬁc.ult

. . _ of something

over 200 feet

From here the valley opens out considerably, and it was found
economical to drop down on to the lower slopes in order to reduce the
height of the crossings necessary over the numerous nullahs, which have
their catchment in the high ground to the south.

A s o, L I kA ‘The

- . . omerate bluff

- ) sance it was
thought that owing to the danger of slips occuring, the alignment along
the eliff would not be feasible, and to avoid this a double crossing of the
B: had been 1. On closer i igation it was foun! the
the corglomerate was both compact and well consolidated, and it wes

comidersid that the money thus saved justified the risk being taken.

Results have entirely justified this decision.
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For a consideration of the next section three controlling points
should be noted, namely, the Nagrota Pass, the Paror nidge and the
crossmg of the Neogal, the differences in level of the first two being
only some 15 fect.

The development ug: to the Nagrota Pass, although invelving fairly
heavy work, produced no serious problem as far as location was concer~
ned  Where development 1s necessary, such as in ths case and in the
case of Talara, 1t is always necessary to work out the alignment from the
summit downwards taking account of controlling pomnts

Coo Lot lbavnnt  an meacantad thamal oo T1

s MUy

expenses and 1t was decrded that the upper line would in the long run
prove the most economical ~ From the Paror nidge to the Neogal is a
distance of only 1,600 feet with a difference 1n level of 107 feet, which
indic ¢ VAo mmmem b af s Lo LT 1 =
the
but

From the Neogal crossing, the line runs at a maximum grade up to
Palampur station at mule 79 3, the question of alignment being purely
one of detalled location, and making the best possible use of the ground,
Section Palampur to Baijnath Paprola.

The siting of Palampur station at a distance of 23 miles from the
town has caused a certain amount of criticism, but here again a study of
the facts 1s necessary. The difference in level between Palampur statjon
and the crossing of the Binwan Khud at Baijnath is approximately 600
feet, the dnstange bEin about 9 mll:es ; after making allowances for future

clear.

Tti -+ —neareass tn mo ntba shie manslon AfoL L1 . .
the rou . - . o
andis . .
or high banks over a=-=-= = - === A= et

ring round the nullat
ticable, as not only ¢
a rough estimate of
s:orler and straighter aignment to be the better and more economical of
the two.
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Baijnath Paprola to Shanan. !

Baijnath Paprola station is situated in an open level stretch above
the banks of the Binwan Khud. The crossing of the Binwan and the
approach to 1t from both sides required a great deal of zare in the detailed
location work as the ground at our disposal was severely limited by the
P. W. D. road to the north and the nver itself to the south and west.

L. . S ot [ R A

a . . . . -
B o . .-
without any appreciable break, !
Location work 1n the Bhir proved exceptionally arduous as the valley
is heavily wooded and the side slopes in places are precipitous.
Tha 3 Favamcn m doe 2 Lt oo ALZee 2 slo 17 _Jeo Eloateis Vard

i

N

the capitalised cost of the extra running expenses in the other, the balance
proved to be 1n favour of the lower route with the consequent rise again
on approaching Shanan

In extremely difficult country the temptation to introduce sharp
PR L T . F) vo. 1.tk she

'

Thalace af £ e sl oo

M amen e foe Lo tapyature 38
very . have to
be 1t . ¢ of such

great 1mportance, is that of comfort to passengers. Those who have
travelled on the Kalka-Simla Railway will readily appreciate this.

As regards the question of grade it should be noted that the Jine
rises and falls and that the gradients selected vary according to the nature
of the country. The adoption of a steep ruling gradient throughout
the greater part of the line 1s both unnecessary and impracﬁca!?le_ and,
the saving 1n capital cost by utilising the heaviest grades possible in isol2:
ted short lengths is not justifiable when it reduces train loads an puts
up considerably the working expenses. In tackling this problem of grade
and curvature it is necessary to have a full knowledge of the facts gover™
ing the problem, and to keep them in their true perspective.
Organisation and Plan of Operations.

As details of the organization may prove of assistan
future railway construction of this nature, these have been
Appendix [. -

In arder to consider the adequacy or otherwise of the organisation
adopted, it will be necessary first to state briefly the various duties for
which officers were held responsible,

ce in the case of
given In
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From October 1925 up tll N ber 1926, the S dent of
Works® responsibilities were confined to the Kangra Valley Railway 3 in
December 1926, however, re-orgamisation took place, and the various
construchion works in progress on the N. W. Raillway were organised
nto circles.

In addition to his duties on the Kangra Valley Railway the Superin-
tendent of Works was, under this ton, made also bl
for the re-construction of the Khyber tunnels, the construction of the
Ravi Bridge and the lines connected with at

— P - T

value of stores which passed through the depdt at Pathankot amounted
to something over 80 lacs of rupees, and when other work was at its
herght, there were some 80 pumps, steam hotsts, compressors and other
types of machinery in use on the various works.

The other two Executive Engineers each had lengths of 40—45 miles
with three Sub Divisional Officers working under them.

Owing to the fact of roads being practically non-existent, the Execu-
tive Engineer No. | Diviston had to carry out almost the whole of the
inspection of his Division on foot, a ! itath
his absence from his Headquarters for the best part of a week.

With the exception of the larger girder bridges, the design and
separation of all drawings was carried out in the Divistional offices, help
being gven in the work by type designs issued from the office of the
Superintendent of Worl

In December 1926, the accounts, which had up to that date been
prepared by the Superintendent of Works, were transferred to Divistons,
thereby greatly increasing their work.

In the easier portion of the line, Sub-Divxs'ional Officers had lengths
of appraximately 20 miles, but these in each case included one of the largest
bridges on the line namely, the Chakki and the Gaj.

In the more difficult sections, Sub Divistons were reduced to lengths
of eight to mae miles, while in the medium sections the lengths were
about 12 miles.

In order to obtain some idea of the responsibilities of Sub Divisional
Officers jt may be noted that, on an average, yearly payments to cont-
ractors alone amo'unted to some eight lacs of rupees. Measurement work in
country such as is met with on the K. V. Railway is extremely arduous,
taking up time and labour comparable to that for measuring double the
quantity of work in the plains.

Finally, it must be remembered that for the greate: part of the time
survey, construction, and estimating were being carried out simultaneously,




932 Eangra Valley Railway Construction,

In Appendix [ an alternative organisation has also been suggested ;
this may possibly be considered as on the generous side, but it is submitted
that 1n a work where speed is of vital importance, economy in the matter
of staff is not good policy.

As soon as the preliminaries of survey and land acquisition had been
completed suffictently to allow of construction work to start, a programme
was prepared. This aimed at, and was based on the assumption of rail-
head reaching Shanan by April 1928, the original date given to the Hydro-
Electric Department.

| S A T T LA LR 1

1twa .

name * | . .

tion, and every effort was made to get these three completed to time.
It will also be obvious that delays if they were going to accur would

most hikely be met in the lower sections of the line, as in the upper sections

more time would be available.

[t is not proposed to go into details here as to the numerous causes
of delay, as many of these will be dealt with subsequently when dealing
with the works themselves

Plate I1I shows the actual linking progress achieved from month to
month,.and on this, notes have been given which explain the cause qf
time being lost at various stages, ‘That the programme atmed at origi-
T o o * saying, and whether it was an

question to answer, but the
ssis should a programme be

prepared ?

Tt must be optimistic in order to give the necessary incentive, but
at the same time it must also be practicable ; delays are bound to occur
and reasonable a“owam':e must be made for them ; a careful study must

e made of the whole situation and the controlling points decided on.
B o R TR va, o

The * jdasl ** mrameammn - Tafans dts
own obj . d,
are apt [ . ) . of
paper ™’ - -t

ing in corresponding disorganisation of the work to meet new conditions:
Construction, General.

By May 1926 possession of land was given in the lower portion of
the line and work was able to begin; previous to this, sanction had been
obtained from zemindars to start work on certain pieces of waste and,
but this was only in a few isolated cases.

The Kangra Valley is one of the wettest districts of the Punjab,
ROl I i 1he we b end f Septembet,

between 70 an
. Palampur in 1927.
* - - tich occurs between
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December and February  The working season can therefore be taken to
extend from the end of September to the end of June, with a break of say a
month 1n the winter, or a total period of eight months out of the 12.

Constdering the hne as a whole there are examples of almost every
type of work likely to be met with on Railway Construction, and 1t was the
variety that proved of such pecultar interest ; as a training ground 1t would
be hard to find a better, [t 1s now proposed to deal with the vanous
difficulties met with under their different heads and the methods employ-
ed to combat them.

Earthwork.

As already mentioned the quantity of earthwork in cutting and hank
amounted to some 5 8 mtllion cub yards and of this the greater part was
either n rock, ! orwnal of hard d

boulders.

In the long side-long cuttings of the Banganga, and agamn on the
Nagrota Pass, Paror and Bhur Khad sections, there were always the two
alternatives to be faced — that of keeptng out from the hillside, necessi-
taung a large n{umber of 'walls, but a d ducti

Practically all the heavy work was done by imported labour, Gurkhas,
Tibetans and Kashmenis appearing 1n fairly large numbers, but Pathans,
of whom Afnidis werc in the majonty, formed the greatest nummber,

Certain contracto s tried using local labour but m addition to appear~
ng unable to tackle the work their physique proved to be a further
disability.

Ingersoll Rand Portable Compressors did excellent work, many of
Ilhese ‘l"uavmgL readyI seen life on”thel Khyber Railway ; owing to the

——a - SIPAN P IS Y KO PR R S e | .

In many cases conteactors preferred to supply their own powder, but
geligmte was supplied from railway magazines situated at intervals along
the line.

Altogether some 71 miles of tramway track were used on this work,
but the use of this had to be confined to through cuttings where long Ieads
were volved or where heavy rock and boulders required handling,
elsewhere the long-sufering donkey came in for his share of the work.
Retaining Walls and Breast Walls.
mad sha band

Ac aleasdi mont!
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T FEERECE | v )

As soon ss the preliminaries of survey and land acquisition had been
completed sufficiently to allow of construction work to start, a programme
was prepared. This aimed at, and was based on the assumptton of rail-
head reaching Shanan by April 1928, the original date given to the Hydro-
Electric Department.

| PO IO T ) B 1. . 1 N LA,
itwa
name -
tion, and every effort was made to get these three completed to time
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>f the hine, as in the upper sections

It is not proposed to go into details here as to the numerous causes
of delay, as many of these will be dealt with subsequently when dealing
with the works themselves

Plate I1T shows the actual hinking progress achieved from month to
month, and on this, notes have been given which explain the cause '{‘
time being lost at various stages. That the programme aimed at origi-
nally was an optimistic one, there is no gainsaying, and whether it was an
impossible one to work to is a very difficult question to answer, but the
question which does arise is—on what basis should a programme be
prepared ?

1t must be optimistic in order to give the necessary incentive, but

at the same time it must also be practicable ; delays are bound to occur
and reasonable allowance must be made for them : a carcful study must
be made of the whole situation and the controlling points decided on.
e ” ideal ” programme which allows of no delays is apt to defeat its
own object, in that staff, when they see work getting far behind hand,
are apt to become demoralised and ~treat the programme as & scHPI°~
paper " ; also drastic revisions will eventually be found necessary, resslt-
ing in corresponding disorganisation of the work to meet new conditions:

Construction. General.

By May 1926 possession of land was given in the lower portion of
the line and work was able to begin; previous to this, sanction had been
obtained from zemindars to start work on certain pieces of waste fand,
but this was only in a few isolated cases, .

The Kangra Valley is one of the wettest districts of the Punjsh.
the rains generally lasting from early in July up to the end of Septemoets
the rainfall in this period amounting to something between 70 .‘md
inches, the latter figure being actually recorded at Palampur in 1921,
There is also a considerable winter rainfall which occurs between
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December and February  The working season can therefore be taken to
extend from the end of September to the end of June, witha break of say a
month in the winter, or a total period of eight months out of the 12.

Considering the Iime as a whole there are examples of almost every
prsicene e PO AT 'h

difficulties met with under their different heads and the methods employ-
ed to combat them.

Earthwork.

As already mentioned the quantity of earthwark in cutting and kank
amounted to some 5 8 million cub yards and of this the greater part was
either in rock, conglomerate, or 1n a formation consisting of hard compacted

boulders

In the long side-long cuttings of the Banganga, and again on the
Nagrota Pass, Paror and Bhur Khad sections, there were always the two
alternatives to be faced — that of keeping out from the hillside, necessi-
tating a large nrumber of retammg‘walls, bu‘t a correfponding reduction

B g ; e

Practically all the heavy work was done by imported labour, Gurkhas,
Tibetans and “Kashm n1s appearing 1n fanly large numbers, but Pathans,
of whom Afridis werc 1n the majonty, formed the greatest number,

Certain contractos trred using local labgur but 1n addition te appear-
ing unable to tackle the work their physique proved to be a further
disability.

Ingersoll Rand Portable Compressors did excellent work, many of
these having al:eady| seen lefe onu!hc' KLhybch Railway ; owing to the
A A T T Rt e ¥ i) St Dt i A e

in many cases contractors preferred to supply their own powder, but
gelignite was supplied from railway magazines situated at intervals along
the line.

Altogether some 74 mules of tramway track were used on this work,
but the use of thts had to be confined to through cuttings where long leads
were involved or where heavy rock and boulders required handling,
elsewhere the long-suJering donkey came in for his share of the work.
Retaining Walls and Breast Walls.

PR
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of breast walling, Plate 1V, Figs. 2 and 3 shows two_types of section
used, t} T Tt where the wall was
retaimr . spe shewn in Fg. 2
being L. L advisable to reduce
the amount of cutting-back to a minimum, nearly all the batter being kept
on the face. [t must not be supposed that these types were strictly ad-
hered to, as considerable modifications were made, depending on the
actual conditions met with  For instance, both in the Banganga gorge
and on other parts of the line, there are places where massive sandstone
outerops overlie thick bands of a reddish clay ; once exposed the latter
weather very rapidly. In such places it was found sufficient if little more
than a skin of masonry were used, underpinning the rock above and pre-
venting any further weathering of the clay beneath.

At Paror ndge, (where it will be remembered that a heavy cuthng
was found necessary 1n order to get down to the Neogal Crossing), 2
great deal of trouble has been experienced.

Form ebmchoecban oo cm o DL YT S T oy that the cutting
takes . f latter running at &
high . .. . R

Although it was thought that a retaming wall would eventually be
required, the cutting showed little signs of movement during the first
year. In January of this year, however, cracks began to appear, first on
habill ahava tba ® W T col0 __1 fal. 10 PP RN o ¥
- » " . .. e

i 5
. .
to the centre line of the railway.

‘ A re!ailmpg wall was at once started and was partly completed. Soon
after ~-—-1-+"-- o e e d [
plete .
the b . . . .
carefi Lo . .
amounted to about an inch to an inch and a half in 24 hours. It was
evident that the only remedy for stopping this movement, was a cut and
cover, provided it could be gotnin time. Every effort was being ngf
. Kl " Y N T X

U PR DPON

s suuu asatn UEOPPEU LILE. 10 Tour Te.l, the wall DEINg puslifu s
x?ueezcgl the track up some two to two and a half feet. An Inspection
of the site, immediately afterwards, showed that the whole mass O
disintegrated sandstone forming the upper portion of the hill was sliding
.ver the thick band of red clay beneath, and in places where this was
exposed it showed a clean polished surface.

By clearing the greater part of the overload away, and taking the
foundations down to some 10 fe.t below the level of railway formation.
all further movement was stopped.  Before flling in again behind the
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retaining wall, care was taken to stop back the clay, to prevent it from
once more becoming a shding surface.
Had the hine at the time not been opened to traffic, it would have

FREE R | 1 e wsa L - S I SR DUIFS RUNE | Y SR R R

acted as a buttress  Itisin cases such as these that formulae and theories
are rather apt to go by the board

Tunnels.

Neither of the tunnels provided any serious problem Both were
luckily n good ground, Dhu * ™ '° oo N
:\ 1, PR PO - ’ .
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In order to save expense in the surppons ,for' the arch centering for
. 2N ' p van

fect 1 length, two sets of centres bemg in use at ether end, one
supporting the finished arch and the other ready to be carried forward
for starting work on a new length.

Behind this again another party was'staned on the opening out of
the lower half of the tunnel, and finally side walls were put .

It was found that the work of arching and side walling could more
than keep pace with the excavation and that it was the latter that really
governed the rate of progress,

Toele-blabeo o3 T ollent work.

Jaulatpur in
the case o
. fig. I shows
type of section adopted.
Bridging. . o
With an annual rainfall of some 120 inches it will be realised that
Bridge work proved to be an cxcepgmnally heavy item, see Appendix 11,
and 1t was here that most of the difficulties were met with
Tt will be convenient to divigle the work under three headings :
foundations, superstructure, and girder erection.
Foundations.—Broadly king the types of subsoil met with may
be divided into three groups : Coarse sand and gravel with occasional
boulders, compacted boulders, and rock ; thelatter presented no problems.
and may therefore be neglected.
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- . Examples of the first group were met with in both the Chakki and

.

Before work began on the Chalki, every effort was made to getsome
details of the construction of the P. W. D. road bridze, but none were
forthcoming. To be forewarned is to be forearmed, and here was 2
case where a completon report, or even the scantiest details would have
been of extraordinary value.

The bridge, as onginally designed, consisted of 39—40 feet spans,
the shortness of the spans being accounted for by the fact that 2 large
number of 40" qirders were available from broad gauge lines at a very low
cost,

Tt was hoped at first that it would be possible to sink open foundations,
but after tnal pits had been made there was found to be a very strong
flow of subsoil water, and 1t was evident that wells would be necessary-

These were made of concrete cast in sity and proved very satisfactory.
'™ 1 mramead abn meablo of Talbol (UL aL,yatne hamme eIy

3
. RPN i{
wells by substituting larger spans. This relieved matters considerably,
but even so, when work was at 1ts height no less than 40 pumps s2ming
from 3" up to 8" diameter were 1 use  All sinking was done by hand,
and work was carricd on day and mght. Considerable trouble w2s
SRS St Y3 e these got v
. using small charges.
L . - . curred. Foundstions
Were SUnK to an average aepih ot some ZUto 2 teet and in nclrl)“‘ﬂ cases
the clay strata underlying the sand was reached

Dufficulties at the Gaj proved to be very similar to those met with
at the Chakla

L R B DU P 8 DR 1, £ ctaal coctions
of the ' ' . o !
and ¢ . - oo . . :
carried on day and night. Here again the great difficulty was boulde®
getting under the well curbs, all efforts with the grab failing to move them-
As in the case of the Chakky, small charges placed under the boulde®
were found to be the only effective means of breaking them up, 204 8
these had to be placed under water, the services of two divers had to
requisitioned, the firing being done clectncally.

As pumps became available from the Chakki it was possible to pum?
the wells dry and the laying of the charges and the removsf:f the boulders
Lecame a comparatively simple matter, Wells were sunk to an averss®
depth of from 20 to 25 feet.

To take the second group, namely those in compacted bould"”é'
the nullzh beds being usually very steep and almost int ariably wet 2
the boulders anything upto 6 or 8 fect in diameter, open _0“"'1’ wert
adopted. and there was nothing for it but to clear away this eno

rraous
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mass of rock. [t was soon realised that founding in this sort of ground
was going to prove extremely expensive, and it was also ewident that
water was again going to be a trouble ; wherever possible spans were
increased so as to avord as far as possible having to found in the bed of
the nullah itself.

L s e

cxcepl:ionally“ heavy flood 1n 1927, so the figore may be considered
adequate.

Superstructure.

Plate 1V, figs 4 and 5 shows two type designs adopted for arched
bridges and culverts. There were a certain number of fallures with the
typen figure 4 using the straight return.  These occur{ed where the arch

S A B

t
rally took place by the parapet wall itselt collapsing, but in many cases the
first few feet of arching was also pushed out = Wherever splay wing walls
were adopted no signs of movement took place even under the worst
conditions, the wing walls not only acting as a_buttress to the arch but
also considerably reducing the unsupported length of the parapet walls ;
the conclusions to be drawn from the above are fairly obvious,

Wherever the slope of the nullah exceeded one mn eight it was found
that pucca flooring throughout was necessary, but in other cases hand
packed stone, with curtain walls as shown in the diagram, proved
successful.

In the case of piers of girder bridges, a design using either mass

s mmmmmmes e Dk et basctins was adopted. 1t may
om earthquakes, rein~
T ﬂexxl‘:ihty.} It will,

LI I IR N R

Before designs were started catchment areas were taken out for all

. V4 AL d ol factoe an ohama, elang, and vegetation were

. . e . - * the method described

B R R was calculated, The
results obtained have proved satisfactory.

* Minutes of Proceedings Iust, C.E., Volu exxvir. p. 267.* '
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Girder Erection,
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and adequate supply of hnished work.
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derricn was 1ouna necessaly I Lhe gl stages,  In the case b spdhs vu
feet and over, these were with the exception of the Banganga and the
Reond Arch, taken to site either by road or rail, erected in the nullah
bed, and hifted 1nto position by steel lattice derricks; the latter were
built up in sections, extremely light, and capable of lifting upto a height

of 100 feet
T e 1. to have them
- . . . + proved an ex-
- . . " . + the advantage
gamed 1n foundation work, by their use.
The erection of both the Banganga and the Reond steel arch deserve

special mention.
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The temporary piers, on which the staging was to be erected, were
completed on June 9th, 1927, and the erection of the staging and service
girders was begun immediately. During the ensuing three weeks, work
was cartied on day and night in an effort to complete erection from the
tiver bed before any floods occurred. Unfortunately the monsoons broke
early, and on the morning of 6th July heavy rain fell, and did such serious
damage to *be -eetioes a3 o T T vt sforthe
steel work, - . * e = thatell

‘further wors w ot e w0
On 25?1 July the fivcr rose 20 feet and scoured and tilted the tempor-
P A = *7. . -ful inspection it was
- - ae + a3 much material a3
. T * i+ &« ymage. When sbout
4 Pt wiilul WIS livun systens on tie v teet span had been salvaged,
the river rose 40 {eet and carried everything before jt. This wes o
August lst, 1927,
Finally, the work of rebuilding was started in October 1927 and
completed on January 12th, 1928,
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The Reond steel arch, of a span of 180 feet with two approach spans
each of 40 feet, was unique, in that it was the first of its type to be either
erected or manufactured in the country.

The bridge was designed by the Consulting Engineers Messrs. Rendel
Palmer and Tritton and fabricated by Messrs. Braithwarte and Co.,

Mtlaan o

{5 I

overhead ropeway supported on steel towers, constructed so as not to
interfere with the running of trains when the bridge was completed,
Although as previously stated, the construction of a bridge of this type
had never previously been attempted in India, the work was carried out
s0 accurately, that when the two halves of the arch came to be joined up
at the centre there was an error of less than 1-16 inch.

In order to save time the whole of the steel work of the arch, weigh-
ing 1n all some 300 tons, was taken to the site by road and was erected
before rmlheedl reached the bndge. Pla]tgs VI and VII show the

1
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In order to emphasize the :mportance given to the time factor, a
reference may be made to the section between Palampur and Baijnath
Paprola. Inthislength of some 9 miles there are some 23 nullah crossinge ;
it was at first propostd to ‘flesxgn 61:1 these as gxrdeg}:yidgesl but calculations

H Rt PRt A R SRR It SO Pt

of some two months was thus saved.
Had the compﬁe!ion of the work not been of such extreme urgency,
itisa questlon‘wheihcr‘for prers of girder bndgcs._some form of standard.
b4
ht
at
' or

Materials and Transport.
During the period of survey, very careful notes were taken of w}u(
building materials were likely to be available from local resources, é
<

+
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Girder Erection. . .
The total weight of steelwork involved was approximately 5633 tans,
v v oo il A ALt anluaf tha IR0 feet

0P LCAvaang
\:orkl'ng out detatled
intenance of a regular
and adequate supply of finished work. X
For the erection of spans upto and including 40 feeta partable rl'crr.lck
mounted on a truck was used ; this was capable of lifting and swinging
into position a complete girder. In the case of 60 feet spansa steel lattice
derrick was found necessary in the final stages. In the case of spans
feet and over, these were with the exception of the Banganga and the
Reond Arch, taken to site either by road or rail, erected in the pullsh
bed, and lifted into position by steel lattice derricks; the latter were
built up 1n sections, extremely light, and capable of lifting upto a height
of 100 feet.
- oo 1eesd tn —odaesa haye them
wed an €x-
! advantage
ganed in foundation work, by their use.

The erection of both the Banganga and the Reond stecl arch deserve
+ special mention,

The Banganga consists of 1 span of 250 feet and 4 spans of 60 feet
For the erection of the 250 feet span, two service girders of 120 fect exch,
supported on temporary staging were utilized.

The temporary piers, on which the staging was to be_erected, wer¢
completed on Junc 9th, 1927, and the erection of the staging and servict
. girders was begun immediately, During the ensuing three weeks, wor
was carried on day and night in an effort to complete erection from the
river bed before any floods accurred. Unfortunately the monsoons broke
early, and on the morning of 6th July heavy rain fell, and did such seriovs
damage to the cuttings and embankments, between the dumps for the
steel work, which were seven miles in rear, and the bridge site, that ]
* further work was for the time being impossible,
i 25th July the river rose 20 feet and scoured and tilted the tempor-
fame ennn tha o immemin arama Afes oo£20 “qgpection it W8I
v« nuch material a¢
e en 8
1 been salvaged:
This was on

August 1at, 1927,

Finally, the work of rebuilding was started in October 1927 and
completed on January 12th, 1928,
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The Reond steel arch, of aspan of 180 feet with two approach spans
each of 40 feet, was unique, in that 1t was the first of 1ts type to be either
erected or manufactured in the country.

The bridge was designed by the Consulting Engineers Messrs. Rendel

Palmer and Tritton and fabricated by Messrs. Braithwaite and Co.,
ombay.
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overhead ropeway supported on steel towers, constructed so as not to
interfere with the runming of trains when the bridge was completed.
Although as previously stated, the construction of a bridge of this type
had never previously been attempted 1n India, the work was carned out
so accurately, that when the two halves of the arch came to be joined up
at the centre there was an error of less than 1-16 inch.

In order to save time the whole of the steel work of the arch, weigh-
ing in all some 300 tons, was taken to the site by road and was erected
be(ore‘rallhead‘ reached the:‘ bridge. Plafes V, VI and \{[lushow the
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In order to emphasize the importance given to the time factor, a
reference may be made to the section between Palampur and Baijnath
Paprola. Inthislength of some 9 miles there are some 23 nullah crossinge ;
it was at first proposed to design all these as girder bridges but calculations
showed that even under the most favourable conditions the time required
for girder ercction alone was three months. As a result all the crossings
except the five major ones, were converted to arched bridges and a period
of some two months was thus saved.

. e L. - . . -

“ LY
Materials and Transport,

During the rcriod of survey, very careful notes were

building materials were likely to be available from local ¢ o\fwht
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Unlike a construction in the plains where a_temporary line can be
quickly run through and materials brought up by train, the conditions
imposed in a hill railway necessitate the work being completed before
railhead can advance, and diversions or works of 2 temporary nature are
out of the question. These facts, combined with, in many cases, the
complete lack of roads of any sort, and the enormous leads involved, made
it of the utmost importance to utilize such materials as were available at *
site,

That this principle was actually adhered to is evidenced by the
variety of Js used. Brickwork cement d ﬂfd a
rather poor type of granite boulder were all utilised in the various
sections 1n which they were to be found.

There was considerable doubt at first over the advisabili!y of using
the granite boulder stone. It was found to contain a fairly large per-
centage of mica, and when broken up into small pieces and exposed to
moisture, it tended to crumble. Samples were sent for test and as far

.as compression figures were concerned the results were entirely favourable.
As for its weathering properties, a study of the stone in its natural state
shawed that it developed a hard black skin, much harder than the inner

_portion of the stone tself. The decision arrived at was to allow of ite

suse in large blacks, but ta rule it out entively an aggregate for concrete
work.
. Good sand was on the whole fairly plentiful, although in certain
sections it had to be led for considerable distances.

One 1tem of interest was the using of a cement and lime mortar.
Although the idea cannot be claimed to be an original one, as it is advoca«
ted in many modern text books, the use of cement and lime together may
be new to some, and may also lead to a certain amount of eriticism.

£and hna yoan 4 ba <L « narts of

-sesult, and the economy effected was considerable,
Tt should be added that its use was limited to bulk work. Inthe
more important works, and in places where work had to be :m:ned ol;l
.in damp or wet localities cement mortar was used, the proportions fol-
lowing mormsl engineeting practice, The actual proportions usc: or
the lime cement mortar were 3 c.ft, cement 10 c.ft. lime 27 ¢ ft. sand:
The problems of transport is often one which is apt to be }’Vﬂl""k
or undrestimated, but nevertheless it is_of vital importance in the suc-
cessful and rapid completion of a work of this magmitude, and especis’y
so where time was of such value, I
From a study of the key plan Plate I it will_ be_scen that nhhous-h
certain sections of the linc were well served by roads fit for wheeled géun~'
port there were many portions of the alignment, where not only ad
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such roads exist, but it was impossible owing to the nature of the country
to build them except at enormous expenditure which could in ne way be
justified.

The two District Board roads, namely from Nurpur to Jawanwala
Shahr and from Kangra to Jawalamukhi Road were only fit for wheeled
traffic during dry weather, both being unmetalled, and even then a great
dea! of maintenance work was necessary to keep them open.

From Jawanwala Shahr, where the District Board road leaves the
PRSI Y U 4 HS D oo o

done.

Lorries, bullock carts, donkeys and camels were all utilized in their
particular spheres of usefulness. The principle adopted was to cart
matenals from Pathankot to the main dumps situated i the various
sub-divisions, and from these they were led by the contractors actually
doing the work
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APPENDIX 1.
Organisation.
Remarks.

Supenintendent of Works .. From October 1925 to Dacen;-
ber 1926 responsible for K.
V. Railway only, From De-
cember [926 “until comple-
tion, Superintendent o
Works becomes Superinten-
Head dent of Works, Northern
Quarters. Circle, including rebuilding
Khyber  Tunnels, Ravi

Bridge and parent lines.
Personal Assistant to Super- To assist Superintendent of
intendent of Works. Works owing _to extra work
involved on tormation o
Northern Circle, ~ February

1927 to completion.

Executive Engineer .. Responsible for receipt and
issue of all stores and run-
ning of all plant and also

No. 3 incharge of = section from
Division. Mile 0—20.
One Assistant Executive En-  Mile 020
gineer,
Executive Engineer ++ Incharge of Section.
No. 1 Mile 20—60.
Division. } Three Assistant Executive  Mile 20—41.
Engincers. Mile 41—51.
Mile 51—60.
Executive Engineer .. Incharge of Section.
No2 N Mile 60—103.
Division, Three Assistant Executive  Mile 60—74.
L ngincers Mile 74—89.
Mile 89—103.

Actually only 5 Assistant Executive Engineers were allowed in
Divisions 1 and II. One of the Assistant Executive Engineers .lher:'fffi
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The whole organisation was under the control of the Chief Engineer,

Surveys and Constructions, Lahore.

Suggested Alternative Organisation.

{Chief Engineer
Hea
Quarters.:

P. A. to Chief Engineer.

Stores &  [Executive Engineer
Mechanical
Division.

No. 1 [Executive Engineer
Diwision.4, Two Assistant Executive
Engineers.

f Executive Engineer

No.
Division. < Threc Assistant  Executive

Engineers.
Execuhve Engmeer
No.3 < Three Assistant Executive
Division. [ Engineers.

.. Responsible for (he construc~
tion of the Kangra Valley
Railway only and with full
powers

. Incharge of receipt and issue

of all stores and running and
raintenance of all plant.

Mile 20—40.

Mile 40—Mile 64.
Mile 40—Mile 48.
Mile 48—Mile 56.
Mile 56—Mile 64.

Mile 64—Mile 103,
Mile 64—Mile 76,
Mle 76—Mile 89.

Mile §9—Mile 103,
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APPENDIX II.
List of Bridges.
. | Sees Girder Bri dges{ Straigbtor
Ml | N T |G il S
666  Baghar I 30" | Square Straight.
730  Chalh o T R do.
v HE 4 S b
1264 Garelh I 7 ow] e do.
1603 GaeltiBl L) 4 ! 0] 4 do.
2610 | Bhal I 40 do. do.
3518 Gafh e 10| de &.
3974 ! Mionu 5; %) & do.
4738 Sdkbadl . 5 w| do.
595 2 0| do.
1 0| do. do.
4616 4 40| do. 5 Transition Curve.
4636 4 W] & 14 Transition Curves
®70 5 40’ | 30RSkew | 14 Trassition Corr
78 1 80’ | Squsre Tranutioa Carve-
7% (Bupen 4 @] o nan "{mﬂ"“’
34 3 0| . 6 Transiton Cari:
5060 | Nagni 3 w| do Straight.
5302 Bathu I 30| do. do.
R 3 0 | do 14 Carves
Vv sets | Datepurtit .| 3 2| 4. 14 Tansition Cer?®
) ;,,I»e & | Jumni H p4 'Tcnéxf&n 30 14 Curve.
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Spans
Mileage. Name Garder Bridzes Straght or
No | Length [Skew or Square| urve.
5623 | Reond 2 40’ | Square Steaight,
i 180"
5989 | Sukhad 11 4 4 do do,
6179 | Jugatl 3 4y do. 14 TranuitionCurve.
T o
7458 | Neogal 5 4 do, Straight,
1 100"
7% | Soonll 3 4 do. do,
7997 | Moul 4 Ay do. 14 Curve.
1 [
8224 | DharamDa . 3 60’ do. Straight,
8457 | Awa 6 4 do do,
£639 | Bathu 5 4 do do,
8593 | Poon % I&O) do, 14 Curve.
8350 | Binwan ? 138: do. 14 Curve.
9210 | Bhir i 100" do. Straight,
9790 | Bachgar 2 Lg do. do.
10150 | Googh 2 40" do 24 Curve,
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In addition to the above there are :—

9 Girder bridges of

1 do. do.
4 do. do.
6 do do.
4 Gurder bridges of
2 do. do.
8 do. do
2 do do.
26  do. do.
6 Arches of
9 do.
18 do.
1 do
10 Arches of
2 do
14 do.
6 Culverts of
38 do.
2l do.
2 do.
I do.
3 Barrels of

404 Rail openings of 2’ & 3¢ Spans,

57 Syphons of 2’ & 3’ diam.
256 Armco pipes of 2’ & 3 diam.
44 Armco flumes of 2’ &3’ diam.
3 Over bridges

No. Span.  Length.

1

el R O I

_—— e NN = o e —

and

W
30
30
30
Fig
yiig
X
(g
w
20
15
1z
1
¢
1
%
&
6
P
¥
3
7
3
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APPENDIX I

Progress of Girder Erection of Chakki Bridge.

254-1927

20-5-1927
26-5-1927
31-5-1927
3.6-1927
6-6-1927
11:12-6-1927
15.6-1927
18-6-1927
22-6-1927
23-6-1927
24-6-1927 E
25th to 30th June 1927
1.7.1927
271927
3.7.1927
4th to 23rd July 1927

24.7-1921
25-7-1927
26-7-1927

28-7-1927
29-7-1927

. Arrrval of first consignment of steel work
at site.

. Istspan 133 ft. erected on piers,

Jstspan B88ft. ., o

. 2udspan 133 ., »

. 3rdspan 133 ft. ., »

.. 4thspan 133 fr. ,, ”»
. Sthspan 133 ft. ., "

. 6thspan 133 6t ,, ”

. 2ndspan 88t ., »

. Istand 2nd spans 44 ft,
.. 3rd and 4th spans 44 fr.  ,,

. Sth span 44 ft. "

. Work held up owing to floods in river.
. 6th span 44 erected on piers.

. 7th span 44" erected on plers.

. Bth span 44’ erected on piers.

.. Work held up owing to damage to em-
bankments by monsoons.

. 9th and [0th spans 44 ft. erected on piers.
. 11th and 12th spans 44 ft. erected on piers.

. |3lh..l4th and 15th spans 44 ft. erected
on piers.

.. 16th span 44 {t. erected on piers,
y+ V7th and last span 44 ft, erected on piers.
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Prozress of Girder Erection cn Gzj Bridge.
1£6-6-1927 .. lst Girder erected e plens.
1761527 v 2d o.
196-1927 . 3 dou
2061928 .. 4 da. -
2161577 .. 5% Ca.
241977 .. Gk do.
2361927 .. 1th da.
246197 .. &k do.
561977 .. %h do.
261540 .. Ik do.
6190 .. Hih do.
.. 12k do.
o BGh&leh ds
. Bh&lsh o
TR &SR o

0n 4-7-1927 2 food a:nedgl_vm the Gaj and sohreryed and dymaged
Tes Track.

the Servies

025.7-1927 althcurh the track was 5] partly sebmerged the 19
and 20h girdery were taken to site 2od erech

Befere the girders evuld be lifted into the piers they had to be caried

Fally assembled on

IS OFET & SSTVKE

B
for a dstance of |, 4 TEC:

The first serious £aod cccrrred. on the morning of the 6k, ard cr=rletely
wasbed out the 267 groe divensicn and B. G. Service Track
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BATHU BRIDGE Plate No. V

Portable Derrick being brought into position to assist in the final stages ofthe
launching of €0 ft. Girder

BANGANGA BRIDGE, Plate No. VL.

+ Erectlon ol the Service Girders.






Plate No, VIIL

BATHU BRIDGE

130 1t. Derrick forlaunching 601t Girders,
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DISCUSSION
Major Waghorn, 1 wtroducing the paper gave a brief summary
of its contents ~ The paper he stated may be divided into three parts,

s SN Y ' .

items . :
seconc " r
and Construction and the methods adopted to overcome these; the
third deals briefly with a few nteresting problems met with under the
heading " Matenals and Transport.”

The paper commences with a history of the various projects which
have been under consideration since 1900 and which have led up to the
present construction and explans how the necessity for ralway connection
with the headworks of the Punjab Hydro-Electric Project was one of the
mam factors which influenced the undertaking of the project

This 1s followed by a brief description of the topography of the
country and a short general description of the line, reference 1s made to
the extreme wnstability of the country in general and ats liability to earth-
quakes, both factors which were to mfluence the alignment and design
of works.

™~ o Vo . The

o have

igating
ather possibilities might have meant a great deal of unnecessary expendi-
ture, while on the other hand there was the danger of overdoing the
1nvestigation of alternative routes and a consequent loss of valuable time,
The problem was not an easy one and a mean had to be struck,

The portion of the paper dealing with the construction of the various
works is dealt with under separate heads, paragraphs being devoted to
earthwork, walling, tunnels and bridgmng. Of these four there js
nothing of outstanding interest 1n the first three, and although many
rminor problems had to be tackled, the methods adopted followed normal
practice. Bridging proved by far the greatest problen:n The Kangra
Valley 15 one of the wettest distructs in the Punjab and bridgework proved

to be an exceptionally heavy item,
F. 1 bl

Foundat proved exl y o the majority of these
were either mn sand mixed with boulders or in compacted boulders up to
8 feet 1n diameter , most of the nullah beds were wet and in almast every
case there was a very strong flow of subsoll water necessitating the main-
tenance of a very large amount of pumping rgach{ncry.‘ , These difficul-
ties were to a £ omgtent moavaama B tha adantton - -
these proved . .
up by road ar o . .

The total weight of steelwork invohed was approximately 5,633 tons
practically all of which, with the cxception of the Reond Steel Arch, and a
few munor spans, was designed and fabricated by the Bridge Department
of the North Western Railway in the Jhelum Workshop,
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The Reond Steel Arch is unique in being the first steel arch of its
kind to be either erezted or constructed in this country. In point of view
of both speed a7 ~F-"ammrtha —omee e f "+ erection carried out
by the Bridge | . ) one of the greatest
achievements L. oo in Inda.

Emphasis is repeatedly laid on the influence which time played in
the solving of the many problems met with; this was always the first
consideration, involving in miny cases methods which otherwise would
have been ruled out on the score of cost.

The paper concludes with 2 brief note on materials and transport.
The transport problems proved much more formudable than at fint
anticipated. Although certain sections of the line were well served by
rozds fit for whezled transport, there were many sections where no such
roads existed and pack transport had to be resorted to.

Major Waghotn apologised for the lack of figures. This he stated
was due to the fact that in December 1928 a fire occurred at Palampur
in which the records of two out of three divistons were completely
destroyed.

Questions and Replies.

Colonel Battye, stated that there were a few potnts to which he
wished to draw atteation. He said that Major Waghorn's paper was
patticularly interesting to him because 1t dealt with the problem of trying
to lozate a surface line at the cheapest possible cost over rough country;
he thought the Congress would agree that this was one of the most fasci-
mating problens that an engincer could ever be faced with

The prinaiple the Hydro-Electric  Degartment adopted in locating
their tramwiy wai to e1devar to wa & to the stespest grads they could
gat, combined with curves up to 40 degree and to stick at all costs to
the water shed,

The N.-W. Rulway took over the construction of the linc and their
estimates for trafhiz were  much higher The N..\W. Ralway adopted
2'5 par cent. grades and |J4 degree curves up to Banath and beyond thni

Jrermamt pradagand 1

ar € " * = . P

. . . o e ey e
ceded that the reduaing of tae curvature to 14 degree on the section up
o Baijnith and taence to 30 degrees was sound; 1t would reduce work-
ing expeases and wear and tewr on rals and there would be none of the
discomfort which s experienzed oa the Kalks-Simls line.,

There, however, was no question of discomlort in going for & 5 per
cent, grade.

When the originil survey was being earried out by the Hydro-Electric
D:partnzat it was intended that the hne would be eventinlly electrific
at s3me later dite and he maintuned that had the steeper gradient
adopted, moncy would  have been availible for the cost of plant and
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rolling stock required to convert from steam to electric traction when the

time came.

Gh He was very interested mn the alignment up the Bhir Khud near
atta,

The onginal lacation adopted by the Hydro-Electnic Department
crossed right at the bottom of the Nullah and got on to the other side of
the hill and he was slad to say that hus own judgment of geology had
proved to be right. He also wanted to ask whether the reorganization
resulting in the Supermtendent of Works being made responsible for the
works in the Khyber, the construction of new lines at Narowal and a
brdge aver the Ravi as well as the Kangra Valley Ralway, was due to
financial stningency or possibly to direct orders from the Ratlway Board.

He was under the impression that these changes must have made
things very difficult for the Engineer responsible and prohably cost more
than the financial people hoped to save.

—~ are ok Ve

oo L N

lone:

ﬁ’e felt that 1t was time that engmneers 1n the Province got together
and madz a firm stand regarding the extent to which they as Engineers
were being converted into Accountants.

He stated that his Engincers on the Punjab Hydro-Electric Project
who were all first class men, keen and enthusiastic, were unable to func-
tion as Engineers for at least half their time, as it was taken up in per-
forming productive and hnical functions which had been
thrust upon them He would also Iike to know whether it would not
have basn bstter to have centralised design work in the Superintendent
of Works office imstead of its being done in the Divisional offices. He
said that he had tried to relisve Executive Engineers of the fundamental
design work leaving them free to concentrate on the practical work of
construction.

H: wished to ask Major Waghorn whether the prices for tunnels at
Rs 545 and 485 per foot run, included overhead establishment cost of
plant, fuel, etc., used for plant and to what extent interest during con-
struction was included, or if it was merely a net figure

He was very interested to find out how the depth was fixed for
foundations ; this was a point over which he had had very long discus-
sions and he would like to ask how Major Waghorn arrived at the figure
of 12 feet.

He endorsed everything that the author said about girder erection.

He also wished to endorse what the author had said about the granite
boulders; they also found that they were quite suteble fer stere me-
sonry if carefully selected and used i large enough block; strict orders,
however, were issued against its being used as aggregate for concrete
‘worl
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In regard to the use of cement and lime mortar mentioned by the
author, they had also used it but for a rather different reason and in df-
ferent proportions. A proportion of } lime was added to | of cement and
they found that by adding this lime they were enabled to work. the mortar
with a much drier mixture.

Colonel Walton heartily congratulated the author for writing such
a valuable paper on the work carried out on the Kangra Valley Railway.

He wished to emphasise one ~* #vem shinee fo v nd e - s 0 b
He did not know whether the [ . .
** Economic Theory of Railway * . ..

The important point in the location of hill railways was to sec that
they concentrated the heavy worl

Not only was it a good thing to concentrate heavy work in compars-
nvc!y sl:ort scctions but it was also sound to concentrate their heavy
ey sechtons bl H N s e s

aways LE LCLICILEICU When laced with a hill railway location.

In regard to the question of grades referred to by Col. Battye he ssid
there was something to be said on the side of capital cost for heavier
grades. It was seen, however, that electric power would not be asailable
for three o four years after the line was first opened and that even then it
would probably be difficult to justify electric as against steam traction,
taking into account the extra eapital required for conversion, That wes
one of the reasons why they adopted the comparatively easy gradients ; the
other factor being that they wanted to have speed and a steep gradient
was a restrecting factor because 1t not only restricts speed up hill but also
down, as one has to be careful on account of brakage. Speed he thought
was an important factor these days on account of motor competition.

In regard to the Bhir Khud referred to by Col Battye; he agreed
with him that the alignment from the gcolog:c:)\'l point cf’v}’e»ﬁ w:un
sound. The alternatine alignment suggested by Col. Battye was nct
only thought of, but a trial Iine was run, 1t was found, however, that this
necessitated a very expensive and lofty crossing of the Bhir Khud and it
is very doubtful which of the two alignments would have heen cheaper
in the long run.

Bcfcmng to the heavy work that was put on to the Superintenden
of Works, he asrced with Col. Battye and he thought that Rr.E. B N
Taylor, Supenintendent of Works, was to be heartily congratulated for the
extraordinary way in which he had carmied through the work.  He wished
to mention onc or two pornts In connection with the foundations of the
Gaj and Challks; he ll}ouph! that therc wai a very natural tendency for

to get their ] down to such a (fcplh that there would
be no pospb:lx_lr of fulure due to floods  On the other hand there was
the financisl side of the Question to consider and the tendency appeared
very often to err on the side of safety ; 1t teally seemed to him very E’i’"’
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to come to a _matter of judgment based on experience as to what depth
foundations should be taken

It was extremely difficult i cases of rivers ike the Chakki and Caj.
In the case of the Challi efforts were made to get drawings of the
P_\W. D. road bridge but these were unfortunately unsuccessful and he

thought that in this case foundations were taken down rather deeper
than necessary

In the Gaj, however, ime was short and matters got to a stage where
further sinking was becomung very difficult; this was likely to lead to
extra cost owng to another season being required, and be took the res-
ponsibility on himself (and then the Chief Engmeer agreed) in stopping
the wells where they were He was glad to say that so far the bridge
showed no signs of {ailure, but he admitted that it might take many years
for his decision to be justified,

Mr. Brij Mohan Lal sud that the reconnaissance, survey and
construction of a hill ravllway‘ower‘_’!ofr n_ulef lo‘ng in ‘he}fﬂ‘,“gm District,

havng 1,000 openings inclu ina
period of three years and a ' the
construction branch of the * oud

of, and on which the officers responsinie 101 Ine wutk ueserve 1w ve con-
gratulated

The speaker having spent some years in charge of the roads in Kangra
District, wished to be allowed to make a few observations on the paper
mainly on the points where the ralway as well as road interests were
concerned.

Carriage of the very heavy plant and machinery required for the
Uhl Hydro-electric project wes not possible .along the Kangra Valley Road,
nearly all the bridges on this road were built between the years 1865 and
1900, when such heavy traffic could not be farcse.en. The gradtents on
this road are as steep as 1 17, and the width is parrow. The roal
was stressed to its hmit d}xring the years |9Z'6 and |9ZZ,\:.;henhaII' the

The author has discussed on pages 83 and 84 the different alterna-
tives, but has not given any reasons for building the line from Pathankot
in preference to Mukerian One distinet advantage in building the line
from Mukerian would have been the shorter distance from Mulerian to
Jogindarnagar.

An Ay chiea o m
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In regard to the use of cement and lime mortar mentioned by the
author, they h'ad also used it b.ut for a rather different reason and in dif-
fetent proportions A proportion of } lime was added to 1 of cementand
they found that by adding this lime they were enabled to work the mortat
with a much drier mixture.

Colonel Walton heartily congratulated the author for writing such
a valuable paper on the work carried out on the Kangra Valley Railway.

He wished to emphasise one ~* turn thinne in vanead on -
He did not know whether the .

**Economic Theory of Railway * .

The jmportant point in the location of hill raflways was to see that
they concentrated the heavy worl

Not only was it a good thing to concentrate heavy work in compara-
tively short sections but it was also sound to concentrate their heavy
grades also in short sections. This had been done on the Kangra-Valley
Railway in that a | in 40 grade had been adopted up to Baijnath and
beyond that a 4 per cent  These two pomts were really useful and should
always be remembered when faced with a hill railway location.

In regard to the question of grades referred to by Col. Battye he said
there was something to be said on the side of capital cost for heavier
grades, It was seen, however, that electric power would not be available
for three or four years after the line was first opened and that even then it
would probably be difficult to justify electnic as against steam traction,
taking into account the extra capital “requrred for conversion, That was
one of the reasons why they adopted the comparatively easy gradients ; the
other factor being that they wanted to have speed and a steep gradient
was a festricting factor because it not only restricts speed up hill but also
down, as one has to be careful on account of brakage. Speed he thought
was an important factor these days on account of motor competition.

In regard to the Bhur Khud referred to by Col. Battye ; he agreed
with hum_that the alignment from the geological point of view was un-
sound, The alternative alignment suggested by Col Battye was mot
only thought of, but a tnial line was run, 1t was found, however, that this
necessitated a very expensive and lofty crossing of the Bhir Khud and 1t

is very doubtful which of the two alignments would have been cheaper
in the long run

sl

Referring to the heavy work that was i
put on to the Superintendent
ﬂ_\Yorké, he aglret:f{ with gpl._Battye and he thought that II\}’IL E.B.N.
slated for the
) . He w:fsh}c‘
. ' s cuuinchvl with Lne  toundations of the
Gaj and Chakk ; he tl[wug}]n that there wa$ a very natural tendency for
tg‘,g‘et 'h,ﬂ,f k down to such a depth that there would

Laes o
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to come to a _muatter of judgment based on experience as to what depth
foundations should be taken

It was extremely difficult in cases of rivers like the Chakla and Gaj.

In the case of the Chakk: efforts were made to get drawings of the
P. W. D. road bridge but these were unfortunately unsuccessful and he
thought that in this case foundations were taken down rather deeper
than necessary.

In the Gaj, however, time was short and matters got to a stage where
turther sinking  was becoming very difficult, this was hikely to lead to
extra cost owing to another season bemng required, and he took the res-
ponsibility on Tamself {and then the Chief Engineer agreed) in stopping
the wells where they were He was glad to say that so far the bridge
showed no signs of failure, but he admtted that it might take many years
for his decision to be justified.

Mr. Brij Mohan La! sud that the Feconnaissance, survey and
construction of a hill ralway over **? v
having 1,000 openmgs including £
period of three years and a half, .
construction branch of the North Western Railway may well be prond
of, and on which the officers responsible for the work deserve to ke con-
gratulated

™

1 v [ e = PRI ) EPA -"‘:'lf'_ -
Distri *
mainl, R .
concerned
Camage of the very heavy plant and machxnery requlred for the
" lley Road,
. 1865 and
wdients on
The road

, ., enall the

The author has discussed on pages 83 and 84 the different alterna-
tives, but has not given any reasons for building the line from Pathankot
in preference to Mukenan. One distinct advantagc in building the line
from Mukerian would have been the shorter distance from Mukerian to
Jogindarnagar,

Q pages 87 10,20, th alispment fnlly chogen Js brefly described,

‘e
wnpramrn wavpnde ppees fo uv e st econonucar, by avoiding %
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the name, and brings Leragoptpur and Hamurpur lahsis much neatet
railhead.

The alignment brings_the famous Hindu shrine Jwalsjee within
Gfteen miles of Jwalamukhi Road Station. [ understand there is a project
under consideration for connecting Jawalamukhi Road with Jawaltjee
and if completed the railway will prove a great convenience to the
pilgrims.

Though there is not much to criticise in _the alignment, the siting
of the railway stations is not very convenient for travellers, No station
hal s poupnet i i - (R I A e

.

y

being so far from the shrine is not much used by pilgrms, consequently
the railway loses revenue. e site of the present station would heve
been improved by locating it between the Daulatpur tunnel and the
point where the railway crosses the Jullundur-Dharmsala Road. If the
Station had been sited as suggested, the approach road would have cost
Little, and the distance from Kangra town would have been pracﬁcauy
the same.

As the station yard 1s laid out at present, every passenger has to cross
the line before he ean reach the platform  This 15 not a very satisfactory
arrangement,

At ]awalan:xukhl. Koparlahar and Kangra Stations the goods sheds
have not been sited on the same side of the line as the passenger platforms
and statton buwldings  Thus, while at Kangra the approach road serves
the goods-shed, at Koparlahar and Jawalamukhi Roads the approach roads
only serve the passenger platforms, and the carriage of heavy goods from
the goods-sheds to carts on the approach road is very inconvenient.

The Jwalamukhn Road and Koparlahar Station buildings are at 2
much lower leveltt- «1 - s aTa T - . ‘2
higher level than e
buslding of appro.

It is admutted that to construct a station site_at Palampur would have
meant an unnecessary rise and fall of ahout 400 feet; and an increases
length of about three miles, raising the cost of construction by
several ial:_hs: but in view of the fact that the Punjab Government i
shortly building a mode! town at Palampur, and the town itself is Jikely
;::s Egﬁ:‘r. it is considered that such an expenditure would have been
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On page 94, Major Waghorn has described the difficulties that he
had to cope with at Paror ridge. At this point the road had been diverted,
the road and railway p ! v " v '
at a much lower level
retaining walls 1n the
this big cutting.

Oxn page 96, Major Waghorn has sud that he could not obtamn details
of the foundations of the P W D. road bridge over the Chakki. The
spesker o ' 't € omLesbe PO R DY SURRRIORNSY I e IR TR
bridge w
tember « - .
paper No 28 had also been wntten by Mr. Bagley, Executive Engineer
in charge of the work  These printed papers give full details of the con-
struction of the Chakli bndge.

For the road bridge, open foundations to a level of 1255 00 about
13 feet below river bed proved sufficient, and no wells were sunk, though
pumping had to be resorted to for heeping them drained.

As regards the hme cement mortar, Cement 3: Lime 10. Sand 27,
the speaker would enquire whether any tests of strength were carried

out, and what was the result.
PN T 1l e a1 o e
= ’

he e
tione
estinr
Bran , .
jects which have been completed without a great excess over the onginal
estimates. Gotng as far back as 1865, the construction of the Kangra
Valley Cart Road from Chakls to Palampur was started with an estimate
of about 3 lacs of rupees, but up to 1874, Rs. 8 lacs had been spent and
the work was stll mncopplete. Uncompleted portions were then gaken,
picce by piece in accordance with funds available, and the wark dragged
on till about 1900, when the total expenditure incurred was welf ooy
Rs. 15 lacs. Comumg to recent times, the Larji Mandh Road Project wa:
started with prelimnary estumates of about Rs, 3 lacs in 1913 ending with,
an expenditure of about Rs. 15 lacs by 1923, and in the case of the
Kangra Valley Railway 1t 1s believed that the final cost has al, bee
greatly above that of the origmal estimate, n
Major Waghorn, n replying stated as follows :—
As regards the details of cost of tunnel work asked for b,
the ﬁgur:sg given mcluded contractors bills, i.e., cost onQL ‘E‘m)'i‘.
meaosil oot Ul st antn the work cost of works charged “"’Muhman
. 1 the cost of fue] roquirnd ;nl
general charges™ g4 ot
| and senses incurred i ;g‘:
tion such as clerical and medical statt, ottice expenses ; jt 4|
include the cost of plant. He considered that to get ata h‘gj“’,dld
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cost 7 per cent. should be added on account of * general charges " (this
was the percentage figure of ** general charges " taking the whole con-
struction wnto account) and a further figure of 7 per cent, would more than
cover the cost of plant used ; thes would bring the foot run costs up to
approx. Rs. 620 and Rs. 553 respectively.

The second point raised by Col. Battye was in regard to depth of
foundations ; Col. Walton had already dealt with the subject but he would
like to add a few remarks also; when referring to the figures of 12 feet
which '+ -t 1T = Lens wdecu T ule -l or fad i mind the series of
girder " ath; he admitted that the
figure - . + one; before the monsoon,
however, boulders of varying sizes were selected and marked and their
relative positions n relation to some fixed object was noted, after the
monsoon a futther series of observations were taken to ascertam which,
if any, had moved ; during the monsoon soundings, where possible, were
taken to try and find out the amount of scour taking place {not a vety
satisfactory Job 1n a river bed full of boulders}) and certamn results, chiefly
negative were obtained, this data combined with a careful inspection

P Sdens o6 wle oo road bridges adjacent to the work

Walton had said a problem of this

i a matter of judgment based on
experience.

The author referred to a question by Col Battye regarding the cen-
tralisation of design work in the Superintendent of Works office; he
agreed to the extent that a great deal of assistance could be given to
SN A Biale ot 0 X1 e 1--igns being

me to the

openings

that these

. . e method

which the author adopted, and which proved very satisfactory, was to 82
[N RRNCUER Y ET S I S I b VT ke sll

had a site plan to work on
,The method also proved a very quick one and the author faun.djhe

. Regarding the points rased by Mr. Brij Mohan Lal he said that the
alignment from Mukerian was raled out chiefly on account of the very
expensive crossing of the Beas; the nver has to be crossed very soon
after reaching Mukerian and it would naturally have been impossible 0
carry on with the linking until this had been completed ; a difficult an
lengthy piece of work occurring at the lower end of a hill construetion
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fion such as the Kangra Valley Ralway was bound to have delayed the
work further up, and consequently postpone the final date of comple-
tion,

The author admitted that the station sites of Jawalamukh:, Kopar-
lahar and Kangra were open to cniticism but he thought that if Mr.
Brij Mohan Lal were to study the questron more closely taking into
account the actual facts which had to be faced when settling these station
sites he would realise that therc really was no alternative  There was very
little room available and the siting of goods platforms on the opposite
side to passenger platforms was done to close up the station yards as much
as possible,

He admitted that at Paror ridge it would probably have been cheaper
tohaveputina “cutand cover” or a heavy section retaining wall before
movement had started. but that was rather a case of being ** being wise
after the event.”

Exhaustive tests were made regarding the strength of the lime and
cement mortar but the author regretted that he was unable to give any
definite figures; he can remember, however, that the results obtained
were surpnisingly good
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superior to water bound macadam, As Highway construction and
maintenance is financed almost entirely from direct and indirect tantion
on motor vehicles that country would never have had such a fine
Highway system today if the masimum use had not been made of earth
roads ; these have been used for building up the traffic load, openingup
the country and providing funds for better types of surfaces when trffi
justified them.

3. Inpremotor car days or when they were comparatinly
fewinuse in India the chief destructive agents to roads were bullock
carts, but as the bulk of them transported agricultural produce the
number u|sing roa(}s had some re!;'s\ion‘to the amount of Tevenue of 311:

R S S h a o 1

for this increased cost.

4, When taxes (direct and indirect) were first levied on motor vk
icles there were comparatively few such vehicles in use which did itk
damage to roads, moreover as the revenue derived did not amount %
a great deal, it was absorbed unnoticed into the revenues of the Govern-
ment of India. To-day the taxation on motor vehicles brings in about
3 or 4 crores to Central Revenues, and this is expected to increase at th
rnl::n of L50 or 60 l:khs_‘a yc:r. Owing to the rspid  increase in moto
P X T .l N L oot R

age of this annually icrexsing revenue denved from taxation of moto”
vehicles is distributed among Provinces for expenditure on ro2
1 will become ble, all new construction will have to £
and exishing roads will rapudly deteriorate. It would therefore =<
that sooner or later a fair share of this revenue must come to the
sinces. In additon to this the Government of India has_recerd
‘evied a surcharge of two anass a gallon on motor spirit for distrbut®
wnong Provinces which is expected to bring in about 80 lakhs per annc™
=reasing at the rate of about 10 Iskhs a vear. It will thus be scen 2
he near future the funds availsble for expenditure on rasds “"és

nber ;sml o ' . " . Y
1cy should be adopted to ensure & maximum incresse per ot
Tlakh]  Mure For instance, which would be more proftzbl: ;
07 bulding 1,000 rodles of extth road t Rs. 500arle, or 2%
Tt suwnon constructing 25 miles of metalled roed (weter b
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macadam) at 20,000 a mile ; Obwviously the former, there are a number
of earth roads in the Punjab carrying 10 or more motor buses a day,
whereas there is not a single pure water bound macadam road in India
that does or could carry 400 motor buses a day The Lahore-Amntsar
Road carried 250, but then it 1s not a pure water bound macadam road,
itssurfaceis painted with tar and costs aﬁout Rs 3,000 per mile per annum
to maintain as against about Rs 70 per mule per annum for an earth road.
It is not claimed that an earth road 1s the beginning and end of all things,
but it 1s emphastsed that the maximum use should be made of it, as it
produces revenue for better type of roads, feeds railways, helps the agri-
cultural and the motoring public, and apens up the country rapidly and
ecanomically.

PUNJAB.

Roads in Punjab are divided 1n 4 classes . (1) Arterial, (2} Class 11
or Main, (3) Class 111, (4) Village.

Arterial Roads.—Comprise, as the name suggests, such roads that
RN T MU 5 LN an Af e BN o Lation
» 4,720, of

naintained

Class II or Main Roads.—These include roads that pass through
more than one district, connect towns with a population of over 5,000,
link up mportant pilgum shrnes, and trading centres with mands,
arterial roads, railways or with one another, They are maintained by
District Boards from their own resources aided by grants-in-aid from
Government, the latter 15 distributed the icati oard.
The total mileage under this head 1s 8,160, of which 1,151 are metalled
and 7,009 are unmetalled.

Class III Roads.—Include all other roads (excluding village
roads) in districts and are maintained by District Boards entirely from
their own resources. There is 1o accurate vecord of the exact mileage,

but it is believed to be 11,000, of which 150 miles are metalled.
ViHage‘Rnads.—"I'hese‘are mere connecting links to the Highway

absorbed by encroachment are mere drains and are absolutely impass-
able in the wet weather. There is no record of their mileage but is said

to be 40,000 miles.
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every year. If the opening up of the country is to depend entirely on
metalled roads and the same 1! can be maintained it
wll take well over a century. Moreover owing to the increase in motor
traffic and the consequent increase in the cost of maintenance of metalk
roads it is exceedingly doubtful whether the present metalling programme
can be maintained, It would, therefore, seem that at the present time the
Province cannot afford a large increase in metalled mileage, and until it
becomes a great deal richer, development will have to depend mainly on
unmetalled roads and moreover as in the case of America, these very
unmetalled roads, now largely ignored, are going to provide the money
for building and maintaining better roads in the future,

As early as 1921, the Communications Board of the Punjab realised
the very great r;mpcirta'{lce of unme(alleld roads and have been impressin§
[ A A R O Ei S

. v
these Toaus wele diltduy I exislemee, so Lhe WOrk really consisted I
improvement ; this consisted of restoring the camber by about 6° to 8’
carth filling, watering and rolling, repainng existing culverts and
providing new ones where necessary. To give the experiment a fait
trial the Communtcations Board entirely financed the cost of improve-
2 2md mihcansant mnck af mmasnbaman, N LIS | A,

factory, this method proved ivel imp { costing
Rs. 1,500 a mile and subsequent maintenance about Rs. 200 a mile.
Therefore ties 1 this direction w hat restricted until the

ere
introduction of tractors and graders described in detail hereafter and
sufficient successful work has been done to predict with some measufe
of certainty that the use of road grading plant will go a long way towar
solving our road problems and further owing to the low cost of mainte-
nance we can loo}: forward to seeing the Province opened up at a vety
rapid rate. During the space of two years nearly 2,347 miles of earth
roads will “have been improved and if this progress can be maintaineds
it is not difficult to visualise the extent of the benefit that will accruein2
wvery short time.
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SOIL ANALYSES AND ESTIMATES.

As already stated the present condition of most demonstration roads
clearly showed that where earth roads received adequate attention and
where the soil was suitable, they could be kept in such good condition
as to permit 2 motor vehicle to travel over them at about 25 miles an
hour, Unfortunately the qualty of sotl not only varied in different
districts but i many cases in different places on one road, therefore
whatever method (machmery or manual labour) was adopted for the
mamtenance of unmetalled roads even a moderate measure of success
could not be obtained unless suitable soil was transported to places where
the soil was bad The first objective was therefore to ascertain what
exactly was unswtable soil and whether the transportation of soils was a
practical 1 A rapd r made in a few districts
showed straight away that the number of miles containing unsuitable
sofl was comparatively small and that carting good earth where jt was
needed was neither difficult nor expensive. It was therefore decided to
make & soil analysis survey of all Class I unmetalled roads in the Province
and to ascertam by obscrvation and experiment the behaviour of various
classes of soil under traffic. Observations showed that from the point
of view of earth roads soil could be convemently divided into the
following four classes . —

(1) A soil containing not more than 30% of sand and 70% clay
made a first class unmetalled road which could stand up
to heavy traffic if properly maintained.

(2) A soil contaming between 30% to 40% sand and the balance
clay made a moderately good road, but was hable to break
up under heavy traffic.

(3) A soil containing over 40% of sand was of no practical value
for roads, it was found necessary to blanket such soil with
good earth to render it fit for traffic

(4) Soil containing saltpetre was of two classes—

(a) where excess of salts were deposited on the surface
ue to capillary and sub :

(B) where the soil was merely impregnated with salts,
The former is quite unsuitable for_carth roads bt
can be treated n a similar way to Class 111 soil, the
latter is excellent for earth roads, it tends to attract
moisture, readily compacts and presents a hard surface.

™t IS TN TN SR RO SO NP RIS R SUSN R et -
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Province. Therefore classification had to be done by eye trained for the
purpose, It was found by experience that after a Subordinate had
analysed 40 or 50 samples he was able to tell by casual inspection what
percentage of ssand any soj! comained; S'altpetre rof‘ the 4 (a) variety is

the imp t esth were prepared. The abstract of these
estin{ates as wella sgil analyses r;f 2,603 mules of Class II unmetalled roadi
K PO A A T s nmEateq

1

all transportation charges ot good soil where necessary.

ROAD GRADING IN THE PUNJAB.
History.

There are no accurate records regarding the early history of road
grading in the Punjab, but it is said to have started with the purchase
of a light Western Grader (weighing about 1,800 ibs.) about the year
1921, The original idea was to use animal power to haul the machine,
but this was soon found to be very unsatisfactory, bullocks would never
keep straight and 1t was very difficult to hire them when they were most
needed, i.e., during the rains Therefore except for some experiments,
about which there is no record, using a borrowed Fordson Tractor to
haul it the grader seems to have been laid aside for a number of years;
anyway yudging from ats condition at the end of 1927 the machine
appears to have seen a good deal of service Interest in road grading
was revived when the following plant was purchased at the end of 1927.

(1) A Fordson Tractor to haul the hght Western Grader.

(2) A No. 3 Standard Russell grader hing 4.200 Ibs. to be hauled
by o 35 1 b Herentos Sromns Tosopn) 1o to be

Outfit I.—Though the grader was not in too good condition, the
blade was bluntand the hearings of the wheels had worn out badly,
experiments carried out in Gujranwala early in 1927 established straight
away that this type of outfit had great possibilities for maintenance o
earth roads that had been improved, but was much too light to do 20y
improvement work, it tended to ride over rather than shave off hard spots :
however as there were so few roads at that time in an improved condition
there was little scope for it.
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Outfit IL—This was a very much heavier combination and pri-
marily intended for heavy improvement work, and just what was needed
at that ime. A factory representative of the Russell grader Company
was sent out specially to demonstrate how to operate the grader and to
shape earth roads. He remained at Hansi i Hissar District for about
10 days, wmproved about 3 mules of earth road himself and initiated the
writer, his assistants and the local District Board staff into the mysteries
of road grading  Ths outfit continued to do splendid work for about
2 month when the shaft of the 2nd gear pinion (about 3" in
diameter) suddenly snapped, a*new shaft was fitted and this behaved in
exactly the same way after a few days work  Alfiter close investigation 1t
transpned that the tractor was quite unsuitable for heavy road grading
as 1t was under powered and too high geared. Though the plant has
continued to work from time to time it has never been satisfactory,

Several other machines were also purchased by Government for
construction and marntenance of earth roads i the Nili Bar Colony but
a great deal of use has not been made of them, partly because the soil
tn this area was not suited to earth roads, and the plant was not really
what was _wanted Expenience gamed at this stage clearly showed that
road grading had a great future but the machinery at our” disposal was
not really swtable.

SELECTION OF PLANT, E1C.

Though it was felt that experiments with other types of plant were
immediately necessary, it would be folly to purchase any more plant
without ascertaming by expenence what was really needed. These

lerati

led to the of what was called ** Working
m aboost Tl 1078 elns fa £

assumed for the tractor and four years for the grader.

Four firms were enterprising enough to agree to_these conditions
and the following two outfits placed at the disposal of District Boards and
commenced working in July-Avgust 1928.

LI A No. HI Highway Patrol weighing 1,800 lbs. drawn by a
12/20 H. P. Case Tractor.

IV. A Howard Grader weighing 4,000 lbs. (equipped with a 7
maintenance blade as well as a 12’ maintenance blade) drawn
by a 15-30 H. P. Nacormak Deering Tractor,

A No. 7 leaning wheel Adams Grader was subsequently placed
the d(ispos:l of Diai‘mct Boards on the same conditions), v P at
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The object of this arrangement was fourfold :—

(a) To ensure the plant was properly handled.

(8) To train both supervising and operating staff how to run these
machines.

() To ascertain the correct type of plant to be used.

(d) To demonstrate to District Boards the advantages of using
road machinery for earth roads as opposed to manual
labour and to eventually persuade these local bodies 1o

purchase outfits of their own.
F O N T I e

1% TRRPUR, PO SURPRON: [ SIS \DUNERL B O ERpovsn B I I0 I ey ol

ably Sive SUZNTLY Leliet 1esulls LU thete will be difficulty about secutug

a powerful enough tractor. A tractor of about 15 (draw bar) H.P is

the most powerful m general use n India for which spares and setvice

2o e dLe cenllabla acd 4ho haaeaet grader that can be hauled by such

. about 4,000 |bs, Therefore as far

the outhit that has been selected as

being the most suited to the Punjab is a 15 (draw bar) H. P. coupled to
a grader weighing 4,000 Ibs.

Though these heavier machines now perform the dual function of
heavy grading and maintenance, it is the ultimate aim that each District
Board will have one or more light maintenance set as well as a2 heavy
outfit. The two maintenance outfits with graders weighing about 1,800
Ibs. have given satisfaction but experience in America points to the conclu-
sion that much better results will be obtained by using a special machine
known as a maintainer, and it 13 proposed to 1 with it very
shortly. "Tlus mac‘hinc. operates on a slightly different principle to that
-‘ e Tt T us

. . . 5.

Progress.—As the result of these demonstrations object (d) bss
in a large measure been attained, there are only perhaps 4 or 5 Distnct
Boards in_the whole Province that are not thoroughly convinced that
road grading is the most economical and efficient method of reshaping
and subsequently maintaining an carth road. Thirteen District Boards
have purchased outfits of their own which are at work, two have actually
ordered outfits so that 15 districts, more than half the number of districts
in the Province, will have tractors and graders working presently. These
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exclude the demostration outfits which will be used in districts not yet
convinced or who cannot afford their own plants  In addition to these,
three distncts are thinking of purchasing their second outfits.

The enterprise of these four firms have certamly borne fruit and have
been responsible for the birth of road grading in the Punjab, and in
consequence Government has now deaded to purchase these demon-
stration outhts from the firms concerned at cost price minus what has
already already been pard by District Boards on account of depreciation.

Maintenance of Plant.

To ensure that the plant was properly handled, the supervising and
operating staff of District Boards were properly trained before assuming
complete control, and to safeguard District Board's mterests the suppliers
of new road machinery were expected to run the plant for six months
with their own staff, District Boards paying actual running expenses and
¥f the plant proved satisfactory District Boards were expected to pur-
chase 1t.

From the pomt of view of the suppleers these condittons appear

TE RS PO D) e Fae b [N 0
period of six months the District Engineers and their supervising staff
were tramed to operate the plant with their own hands. A daily log is
maintamed for each outfit showing fuel and other stores consumed and
work done, ths enables the Engmeer Secretary of the Communication
Board to keep in very close touch with the performance of each machine.
In addition frequent mspections are made by Assistant Engineers and
the Mechamical Overseer of the Communications Board as well as by the

i and hanies of the suppliers, by this means those in local
control are kept up to the mark and serious break downs have been reduc-
ed to a minimum

Graders.—Except for the Howard grader which is really an experi-
mental machine and gave a certain amount of trouble until defects were
rectified, no great difficulty was experienced with their working once the
operators got accustomed to them Of the meachincs used so far the

0.7 Adams grader is perhaps the best, its controls are very easy to
operate and i't is lﬁltcd“wnh ]tla.am_ng wheelﬁ'thls—' rgduc'es the tractor
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models in use a No. 3 standard weighing 4200 lbs, a No. 2 standard weigh-
ing 3,000 Ibs. perhaps a bit too light for heavy grading, and aNo, 3 Hih-
way Patrol werghing | 800 Ibs, Both the standard models have suitsble
scarifier attachments.

Tractors—The whole business of road gradmg hinges on the
efficient and continuous working of tractors, and considering how easy
it 15 to wreck a tractor, and the lack of knowledge and experience of the
operating staff it is most surprising that such consistently good results
have been attained—accidents there have been but surprisingly few.

r 1 L [ R 1 1nn - aMmnd L. v

and fixing a safety catch on the draw bar coupling of the tractor,

Among the tractors of which we have record of performances are—
5 No. 15-30 H P. Macormack Deering Tractors.
2 No. 18-32 H. P. Case Tractors.
1 No, 12-20 H. P. Case Tractor.

It is early to express any opinion on the relative merits of the two
rnakes of tractor as the maximum time worked by any Macormack Deer-
ing is about 1200 hours and that of any 18-32 H.P. Case is less than
500 hours, both have worked satisfactorily so far. The 12-20 H.P.
Case has not proved vary satisfactory for road grading as it is under-
powered though 1t does not show up too badly in running_costs (excluding

blishment and depreciation). M it was shockingly overloaded

at times.
A list of plant 'used and the detailed cost of working the tractors
AR B SRR T SR - 0

'

WRICh COHESPONUS L0 VILY 1/4 WOTKING dlays 1 & year, a poor avelesw
We should reckon on about 200 or more with more experience in_hand*
ling the hines and better planning out of the p of each
outfit. The performance of the Ambala outfit is very disappointings
the cost of running at 2'12 per mile, excluding depreciationand establish-
r;z]:]n!, is very high and is not entirely accounted for by the high repai”

1l

", The cost of operating the outfits (excluding deprecit and ests-
blishment) will increase as the outfits become older so that even though
R: 3 per working day has been allowed for replacements, it wou
safer Jo allow Rs. 4 per mile for the purpose of calculations.
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PROCESS OF IMPROVING THE SURFACE OF EARTH
ROADS.

Manual Labour.—Whether we use machinery or not there are
certain items of work that must be done by manual labour and they are
as follows =—

(a) Repairing or constructing bridges, culverts causeways, etc.,
and mmproving the approaches to them

(6) Filling all places liable to flood and where big holes and
epressions occur

{c) Blanketing with 6" of good earth all stretches containing
unsuitable soil, an alternanye 15 to grass the surface but
this is expensive to maintain.

(d) Removing jungle and other obstructions

(¢) Providing milestones consisting of 3” X 3 angles 4 feet long

The essential difference between work done by machinery and
manual labours hes in cambering and 1mproving the surface, the latter
involves obtaining earth from borrow pits and the former does not, therein
lies the main source of saving.

Grading Operations.—Generally spegking all earth roads have
not only lost their camber, but the centre is very much lower than the

sides through years of neglect. There is no outlet for the water which
b n and enbs, Lo,

ane tha enil tha cirfana so tharafaca van

where the ramtall 1s lIght and 1:0st MENLNS O INE Year are dry excessive
earth filling may take a year or more to settle, and in the interval of
P v S . 1 SRR H

First Round of Grading consists of making a 4" to 6" deep
{maximum) cut at an angle of 1 in 30 on either side of a road Only
1/3rd of the width 15 graded on each side and the middle third filled with
earth from the sides. As the filling in the centre is not excessive jt
quickly settles down. Moreover after the Ist grading is done traffic is
generally attracted by the two graded strips at the sides which is hard
and smooth. It is generally necessary to run the grader eight or ten
times up and down a road during the first round.

Second Round of Grading.—An appreciably lighter cut is made
on this occasion and the sides are still further lowered and the centre
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raised and the road begins to assume some semblance of shape but as
the centre is still loose, and water can saturate the soil, the surface is
quickly cut up by traffic. Nevertheless the road does not generally lose
its shape. This round only requires about six to eight gradings.

Third Round of Grading consists of making a still lighter rut
for the purpose of filling up ruts, and depressions that have occurte
through settlement. This round only requires four to six gradings
Expetience shows that the road remains in good condition from eight
to ten weeks after this round depending on soil conditions and traffic

Cost of Improving the Surface and Restoring camber per mile.

Ist round of grading nine miles of travel at 4/- .. =36
2nd round of grading seven miles of travel at4/-., =28
3rd round of grading five mles of travel at 4/- .. =20

Total - 84

Add 10% for movement of plant when no work

done .. 84
9244
say 95/

Maintenance.—This consists of making three gradings at the follow-
ing five periods in the year, December-January, February-March, June-
July, August,-S ber, October-November and has been foun
sufficient to keep earth12ads i good order under average soil and traffic
condiaon. In normal years we can safely reckon on sufficient moisture
being in the ground in three periods out of five February-March and
October-November 15 nclined to be troublesome on account of dust,
but this is difficult to avord under the clrmatic conditions of the Punjab
unless watering is done Just before grading. [Investigations are being
made and experiments carried out to ascertain the possibilities of watering
roads before grading 1n the dry periods, and information available at
present seems to show that watering will not increase the cost of
maintenance by more than Rs. 20 to Rs 30 per mile per annum.

Cost of maintenance, three miles of travel, five

times a year . =
Add 10 % movement of grader when no
work is done .. 5
165@4/-
=66
say 70

per mile.
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TRANSPORTATION ON EARTH ROADS,

Passengers.—Hitherta motor buses have been confinedto metalled
roads but during the last few months these vehicles are nowJmaking use
of not only the newly graded roads but are beginning to use earth roads
even before mmprovement. The average number of buses using earth
roads in various districts is given m Appendix No. II. These figures
show that nearly 500 travel on 124 roads daily which averages out at four
per road. No census of figures have been received from Multan, Shahpur,
Montgomery and Gujranwala where 1t 1s known a large number of
motor buses use earth roads It 15 therefore reasonable to assume that
the number of buses 1s nearer 600 than 500.

Except m Karnal, Gujrat and Sheikhupura districts the mileage
on which motor buses run 1s appreciably larger than the actual number
of miles improved, this figure appears to establish that tiavelling by motor
buses even on earth roads 1s becoming more popular that there 1s a growing
demand for more such roads, which at present carry about two million
passengers annually.

Generally speak’
a day on an average ¢
a forward and a retu
about 300, Petrol
miles to the gallon, even 1ot 4 /3 Lo buUs We Lype m getetds use on
earth roads. It 1s therefore reckoned that each of these vehicles consume
about 650 gallons per annum. By virtue of the newly imposed 2 annas a
(650 x 2)

16

Rs. 80/- per annum to Provincial Revenues , jn yddmon there is a c}m.rge of
Rs. 80/- per annum on account of'lthe P:\ovn:\(c’:all tax and road c:mﬁcat_e:

gallon tax on motor spint each of these buses will contribute

the general average 1s about 50 or 6. We could theretore safely increase
the number of buses now plymg on these roads to four times their present
number. Therefore if the number of motor buses increases to this
extent, of which there is every indication, motor buses plying on these
particular 124 roads will contribute nearly two lakhs towards Provincial
Revenues against only (2.000x70) 1 4 lakhs requl.rcd for proper mainten-
ance. [t follows that at is not only necessary to increase the mileage ol
earth roads as much as possible but to encourage motor buses to use
them,

Goods.—It has been shown that up to the limit of their canrying
capacity the more motor vehicles that used earth roads the greater the
benefit to the Province, and moreover if it were possible to replace th-
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raised and the road begins to assume some semblance of shape but 2s
the centre is still loose, and water can saturate_the soil, the surface is
quickly cut up by traffic. Nevertheless the road does not generally lose
its shape. This round only requires about six to eight gradings.

Third Round of Grading consists of making a still lighter cut
for the purpose of filling up ruts, and depressions that have occurred
through settlement. This round only requires four to six gradmss.
Expenence shows that the road remains in good condition from eight
to ten weeks after this round depending on soil conditions and trafie.

Cost of Improving the Surface and Restoring camber per mile.

Ist round of grading nine miles of travelat 4/ ,, =36
2nd round of grading seven mules of travel at4/... =28
3rd round of grading five mules of travel at 4/~ ., =20

Total . &

Add 10% for movement of plant when no work is

done .. 184
924
say  95/-

Maintenance.—This consists of makmg three gradings at the follow-
ing five periods in the year ; December-January, February-March, June-
July, August,-September, October-November and has been found
sufficient to keep earth 10ads in good order under average soil and traffic
condidon. In normal years we can safely reckon on sufficient moisture
hoine 1 the aeaind in thesa naw'= a2 L.. DV, .. Mool and

'

fuaus vuvie glaudlg Ul LNE ULy pelods, and mtormation avaiauie &
present seems to show that watering will not increase the cost o
maintenance by more than Rs 20 to Rs. 30 per mile per annum.

Cost of mamtenance, three miles of travel, five

times a year .. =I5
Add 10 % movement of grader when no

work is done .. 15

165@4/-

=66

say 70

per mile.
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TRANSPORTATION ON EARTH ROADS.

Passengers.—Hitherto motor buses have been confinedfto metalled
roads but during the last few months these vehicles are nowJmaking use
of not only the newly graded roads but are beginning to use earth roads
even before improvement. The average number of buses using earth
roads m various _ districts 1s given m Appendix No. IL.  These figures
show that nearly 500 travel on 124 roads daily which averages out at four
per road. No census of figures have been received from Multan, Shahpur,
Montgomery and Gujranwala where 1t is known a large number of
motor buses use earth roads. It 1s therefore reasonable to assume that
the number of buses 1s nearer 600 than 500.

Except in Karnal, Gujrat and Sheikhupura districts the mileage
on which motor buses run is appreciably larger than the actual number
of mules improved, this figure appears to estabhsh that travelling by motor
buses even on earth roads is becoming more popular that there is a growing
demand for more such roads, which at present carry about two million
passengers annually.

aday "

afor.

about 3UU. Fetrol consumption 1s generaily heavy, not less than |5
miles to the gallon, even for a ton bus the type in general use on

earth roads It is therefore reckoned that each of thesg vehicles consume
abont 650 gallons per annum By virtue of the newly imposed 2 annas a

65 2
gallon tax on motor sprit each of these buses will contribute (—OTGX*)

Rs. 80/-per annum to Provincial Revenues , 1n addition there 1s a charge of
Rs. 80/- per annum on account of the Pravincial tax and road certificate,
E e A T S sebora e 140/ per annum to Provincial
+ 000, . Observation shows
maintenance gradings per
annum will be SuMliuient LU keep an eailn tvay, carrymg 15 motor buses
and 100 bullock carts daily 1n quite good order. There are very few
unmetalled roads i the Province that carry 100 bullock carts a day,
the general average 1s about 50 or 60 We could therefore safely increase
the number of buses now plying on these roads to four times their present
number. Therefore if the number of motor buses mncreases to this
extent, of which there 1s every indication, motor buses plying on these
particular 124 roads will contribute nearly two lakhs towards Provincial
Revenues agamst only (2000x70) 1 4 lakhs required for proper mainten-
ance. It follows that 1t 1s not only necessary to increase the mileage of
earth roads as much as possible but to encourage motor buses to use
them.
Goods.—It has been shown that up to the limit of their carryin;
capacity the more motor vehicles that used earth roads the greater the
benefit to the Province, and moreover if 1t were possible to replace the
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2

bullock cart by goods lorries a great benefit would not only accrue on
account of taxes they would pay as in the case of passenger buses
but maintenance costs would be reduced as a pneumatic_tyred lorry
would damage an earth road less than a bullock cart. The greatest
obstacle to the more extended use of motor vehicle for the transportation
of goods is the deplorable state of village roads. Unless the latter are

improved very little progress in_ this direction can be expected as double
_handling of goods will be involved. Moreover the cost of transporta-
" ' - * at 6 annas a ton

uch the same. Itis

*hicle will ever oust

the BUIIOLK CAlt ALOL Lall yiity suuus wopevansy ws s RUmber of agricul-
turist using the same bullocks for ploughing and transportation Is very
-- ST . B S R R W

The cheap transportation of goods throughout the British Empire
has been engaging the attention of the Empire Marketting Board and
as the result of their end, s a Directing C: 1 was appont d
by the Secretary of State for Dommon Affarrs and for Colonies (of the
Jate Government) at the end of October 1928 with the following terms ©
reference :—

o .

' 1 . C11,1 el Losbor the
econom :
produc .
low ¢ ; L .

. o co - types of vehicles m ust

1t has been realised that
srovement of design there
purpose.

_ The trend of investigation seems to suggest hauling one or mofe
trailers with several pairs of wheel shod with large pneumatic tyres may
be a suitable unit.

Experiments are being carried out with--
(a) Various engines using Diesel o1l or producer gas.
(b) Various types of trailers with pneumatic tyres.
(¢) Various types of pneumatic tyves, one particu'ar experiment

deals with a tyre particularly designed to soft roads in whic!
deep ruts occur.

(d) Various types of metal tracks.
ansndf:rablc progress has been made towards the production of
a 15-ton unit consisting of a tractor hauling a number B-wheel trailers.
Coltis expected that experiments with a 50-ton unit will be carried out
in the near future.
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As far as the Punjab is concerned experiments with 50-ton unit
will be of purely academic interest (our bridges will not be strong
enough) a 10-ton unit will be nearer the measure of the capacity of our
bridges. Developments with the smaller umt will be watched wath a
good dea] of interest as 1t will fit in admirably with the scheme of impro-
ving earth roads.

Judging from the extensive expertence gained m operating agricul-
tural models of kerosine-driven tractors on road grading in the Punjab
it would scem that a suitable transportation unit for earth roads might

v T 1 . . ;1‘:!] ny .. Ta _.'I._ b I T
be pOSSlDXC to transport Dy this Imeans dl 4 48 a o e, eventhough the
unit only worked 800 hours in the year (the average duration of the
period in which agricultural produce 1s carted to market) and obtained
no return loads. Unless earth roads were converted to and mamtained
as gravel roads, it would not be safe to rely on obtaining return loads,
but 1t 1s farrly certain that the tractor by itself, the whole umt, or even the

blishment could be employed durmg idle penods, thus apprecably
bringing down ghe percenl?%e of fixed %harges. It s thereforel very

{ERE R PR Coa

even more cheaply.
Selection of Surfaces,—Even though a good begmning has been
made 1n the Punjab, where a beginning should have been made years ago,
' + ' te- —mr—-——-—-- Learthroads there

aximum use of our resources, to lay a road with a surface that costs say:
a Rs. 600;- or Rs 700 - to mamtain when the traffic that was hikely to use
T L S da ol

S SUROOUIN U N X MRS

country, and the selection of surtaces were governed by the volume of
traffic, st would be found that there are hundreds of mlfes of metalled
roads that are not yustified and a correspondingly large mile.ge of earth
roads that ought to have a superior surface It 1s most essential that
intermediate type of surfaces between an earth road and a metalled road
should be introduced and their carrying capacity determined so that
g CRR [ RO PR B POy V-
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bullock cart by goods lorries a great benefit would not enly accrye on
account of taxes they would pay as in the case of passenger buses
but maintenance costs would be reduced as a pneumatic_tyred lory
wlould‘ damalge an earth r:mgi less[than a b:l!‘(‘)ck' carlt. The greatest

tion of goods by say, a ton of 30 cwt lorry figures out at 6 annas 2 ton
mile, the transportation by bullock cart “is pretty much the same. 1tis
therefore unlikely that the present type of motor vehicle will ever oust
the bullock cart from carrying goods especrally as the number of agricul-
turist using the same bullocks for ploughmg and transportation is very
great.  Unless therefore the cost of transportation of goods by mechanical
means could be reduced to say, 3 annas a ton mile, the bullock cart wil
continue to hold its own.

The cheap transportation of goods throughout the British Empire
has been engaging the attention of the Empire Marketting Board an
as th- =m- WAL alate ad ~neo ~ - R |
by 1}
late +
reference i—

*“To study every aspect of mechanical transport likely to further the
economic  development of the Empire” The main objective was 1©
produce a unit of large carrying capacity capable of transporting goods 2t
low cost on earth roads without unduly damaging them. This com-
mittee has carried out investigations on existing types of vehicles in us¢
or those projected throughout the world, and 1t has been realised that
though immense strides have been made in improvement of design there
is no vehicle in esstence that will serve this purpose.

. The trend of investigation scems to suggest hauling one or mo'
trailers with several pairs of wheel shod with large pneumatic tyres may
be a suitable unit.

Experiments are being carried out with--
(a) Vanous engines using Diesel o1l or producer gas.
(8} Various types of trailers with preumatic tyres.
(<) Various types of pneumatic tyres, one particu'ar experiment

deals with a tyre particularly designed to soft roads in whic
deep ruts occur,

(d) Various types of metal tracks.
Considerable progress has been made towards the production of
a 15-ton unit consisting of a tractor hauling a number 8-wheel trailers.
. It is expected that experiments with a 50-ton unit will be carried out
in the near future.
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As far as the Punjab is concerned experiments with 50-ton unit
will be of purely academic interest (our bridges will not be strong
enough) a 10-ton unit will be nearer the measure of the capacity of our
bridges. Developments with the smaller umit will be watched with a
good deal of interest as 1t will fit m admirably with the scheme of impro-
ving earth roads.

Judging from the extensive experience gained in operating agricul-
tural models of kerosine-driven tractors on road grading in the Punjab
it would seem that a switable transportation umt for earth roads might
possibly consist of such a tractor (151 PY —vw-d e v = fue 2ude 0
an hour on top, and foo pneumat -
Calculations (attached vide Append * . R B}
be possible to transport by this means at 4 as. a ton mile, eventhough the
unit only worked 800 hours in the year (the average duration of the
period 1 which agricultural produce 15 carted to market) and  obtained
no return loads  Unless earth roads were converted to and maintained
as gravel roads, it would not be safe to rely on obtaming return loads,
but it is farrly certam that the tractor by itself, the whole unit, or even the

b t could be employed during 1dle periods, thus appreciably
bringing (‘iown t'he percentage of fixed c}\arges. It I therefore very

;v;en more cha:ply.

Selection of Surfaces.—Even though a good beginning has been

made in the Punjab, where a begmmihg should have cen made years ago,
FLIE R b Nl LN Y

e ae Bramsaont maintananan -£ a-w

maintam, even the cost of the proper mamtenance of kanhar roads 9' wide
is beginntng to approach this figure under present-day traffic conditions,
With the hmited funds at our disposal it would not be making the
maximum use of our resources, to lay a road with a surface that costs sa

a Rs. 600/- or Rs 700'- to mamntam when the traffic that was likely to uz’;
it for the next four or five years would' probably not exceed twice the carry-
ing capacity of an earth road  In India the value of a traffic census has ot
been fully appreciated , 1f such were talen on all roads throughout the
country, and the selection of surfaces were governed by the volume of
traffic, it would be found that there are hundreds of miles of Imet. “‘ii
roads that are not justified and a correspondingly large mileage of al eb
roads that ought to have a supenor surface It is most :ssentxa]ea}r:

Intevmediate type of surfa;ts lI‘aetwecn an earth road and a metalled rlo:‘;
should be,nttoduced ong L SDITE oy detenmined 10 g

. . Wu g Ialmg )t



124 Earth Roads.
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¢ . . o appreciably over

3 . L. . the expenments

v o+ " road has recently
been laid on the approach to the new Railway Station of Rupar at a very
low cost as gravel was obtained locally and the results obtained so far
are promising.

T ALl TT % I Quaee LAl o a L4 agravc]mad l.s
an ' sad are being so
con " road have been

carried out in this country ; road oils are expensive, it is therefore not
definitely certain whether such a road would be a practical proposition.
Experiments are however now being carried out with a cheaper am
improved form of surfacing for metalled roads ; it is expected that a type
of surface will be devised that is much cheaper to renew than water
bound macadam and yet have an appreciably longer hfe ; if these expect-
tations are fulfilled then this will probably be the third stage of develop=
ment of surfaces.
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APPENDIX L.

Statistics of Road Aileages and Molor Vehicles of Marn Countries sn the World.

Roap MILEAGES No, or Moron
VEBICLES
Percen)
Country. Earth tage [Persona
or |Bur- |Total. of | Total | Per | per
ravel |faced sur- mile, | velucle.
\ faced
1 2 ' 3 4 5 6 7
' i Pl
1. Argentina J 186 4 100 24 2630 140 373
2. Brazil . 46 5‘ 4 469 9 1368 29 2239
3. Canada L) 69 424 o‘ 1) 9571 23 98
4 Chie . o222l 26 248 108 194 8 2027
5. Mexco 12 3i 15 20 676/ 317 2687
6. Umted States .| 24 6 30 20 210 80 51
7. British East Africa. .
{aee also Jubaland) 137 21 164 165 140 8 8313
1 2
8. Egypt 3 2‘ . 8% 3 51 75 5637
9. South Africa 73 4{ 77, 62 75 8 3666
xcluding the Umon),| ' |
m(e South Alrica, Dmon| 67 4] 6 630, 1332) 19 531
of |
11. Ceylon ] no 48 188 304 173 10| o889
32. China 173 4 177 23 25 131847
13. India 1507 GO 3' 2110 28¢] 1099 5 28001
|
14, Jepan 27 1 s g 12 5; Lo 8814
15 Turkey (mcluding | 189 3 185 1] 71 1| L5416
Turkey 10 Europe)
|
16. Austria . 6 20'6’ 212] 979 516 24 1264
17, Belgmm o [ 3‘ 63, 1000 139 0} 220 8670
18. Denmark .| 28 10 320 122 10 4 3 3‘
|
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APPENDIX I.—concld.
Roap MILEAGES, I\ov:;‘éig;on
l
Percen
Ccuntry. [Earth tage [Percons
or {Sur- [Total.| of Total, Per per.

bravel |facid sur- mule, | vehicle.

aced.

1 2 3 4 5 6| 1
19, France .| 4154| 216 400 56 11140 25 366
20, Germany {26 25 G,‘ 1282 200 8610 68 134
21, Greece ) 46 18 64 281 143 22 4160
22, Hungary .| 221] se 307 28 179 8 4123
23, Insh FreeState ..{ .. | 467 467 100 246 10 3817
i

24, Ttaly .| 272 864 1136 2129| 19, 1912
25, Netherlands I 108 108 100 102:8] 95 B2
26, NorthernTreland ..| .. | 128 129 1000] 308 =24 1036
27. Norway .| 22 225 . 3sof 17 W3
28 Rumapia 203 J24 517 509 o217 4 7999

29, Russia (including 4151 161" 430 9] 35 25 8| 06| ) 50009
Rusgia in Asta).

30, Spain - 500 500 100 1082 39 11241
31. Sweden ..| so2 5 807 of 178 1§ 424
32, Swtzerland 8 4‘ 84| 100 s50 100 466
33, Umted Kingdom . 178 7: 1787, 1000 18567 104 23
34, Anstraha 3199 40 |‘ 260 n: wi| sessl 14 123
85, New Zealand .| * 43 443 . 1694 3 o| 80

| [}

* Figures not avadable.

Note —}igures in columns 1, 2, 3, 6 shown tn thouaands.

Notr —In the year 190 there were 55,000 Mot hrcles and 1,50L000
rmtes of surfaced roads in the U. 8, A, ;thereforo in :h‘f.;\:c:. of 25 years the
nurfaced mileago bas fncrrascd nearly four times w hile the number of Motor vebickt
bas increased nearly 420 times,
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APPENDIX No 11
Statvstics rearding Motor Buses plying on Class II Dumetalled Roads vnthe Punjab

No

Roips UszD Mileage | No or Moror
District of road| Bryes,
T |mprov-f T
\lleage | No of ed Total, Per
Toads road,
- I
Hssar 249 15| 11 44/ 29
Robtak = . T A .
Gurgaon . . .. it .
Karpal 37) 3 50 1 3
Ambala 87) €] 60f 28 4o
Simla . .- . e .
Kangra N . .
Hoshuarpur . 165 6 24 251 11
Jullundar 501 2| ki 10| 50
Ludana 22 1 12] 1 10
Ferozepur 140 10 60 16 16
Lahore . 15 1] 15 5| 50
Amritsar . 122 7, 44 31 52
Gurdaspur 140) 10} 80} 86| 86
Sralkot . 147 6| 116 11 18
' Gupranwala R Census Teport mot recerved
Sheikhupura . 124 18} 145 74 41
Gujrat . 81 9 104) 33| 36
Shahpur . Census report not received
Jhelum N Census report not received.
Rnwulpmdt B Census repo.rt not recerved
‘Attock . 107, 2) 40 50
Mianwal . 43 o e B 7
Montgomery Census report not received [\
Lyallpur | 130‘ 8| 12 20 25
J hangp B 154 0 11 a1 51
Multan Census repon, not received
Muzaffargach N 103 30 20 33

Dera Ghezy Khan .
Total

Census report not received.

x,ges‘l 124' 1,257 5| 497 10
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APPER
Detail of Cost of Work
[ & 3 4
’ ActoaL Mmes
PERIOD. Worging | TraveL-] Foeu
Trie, LED, O
Distric.| Name of Plant. T
To, |, " d 51
g el el 2|2k lsgl2id
S 23| g8 i85]| s mE[g @
Ay BT E Imele PALG
. 211 107] 7¢) g1s 2‘1593'1500
' I 2 =
. 3 2
g ,.UU LS. [ EENPY
2 Ambala] 15-30 H. I~ McCor- —
mick Deering Trac- 5
tor, -3 w
N(‘wbzeﬁldémsé Leenu:lgEjg 28| 7o 19| &) 3[4 1ef sool s
rader weigh-| B
112 4,000 1bs. 5 |
3 Karnal| 15-30 £ P. McCor- ) T
mich Deering Trae- | ] )
N3 standued Rus. |50 581 ] Y §] 89 §| g
No. - &
sell Grader wogh- | |22 i &
102 4,200 Ibs b
i Feroze 1832 HL T Caso N
pue actor lzslen 1 o i
ing 3,000 Ibs. ! ,
& Latore| 15-30 B P.3McCor- (5 B —
mick Deering Trac- [5 o5 Bcs
o Grader 8&128| a1 18 134 7.4 293015 7) 178] 216
weighing 4,000 Ibs. |3 S
. Shet 12.20 H. . Case & —
Lhu. | Tractor Sslde l I
pura. Rﬁ’:ifl‘:’»fvfha"'vﬁgh. g,g‘_.g;g‘ 164 70 2| 64 a1 83 536 515
1ng 1,800 Ibs. “ “ : l g j
Ditto, | 15-30 AP McCarmuck| 2T
Docning Tractor, w\g |
Howard Grader sa'dg
weighing 4,000 Ibs. -:_.’:gg
=
77 Gar-| 1530 H P, McCorr |~ [
daspur| mick Deering Trac-
No'7 Adsens, eeningl S B(51] "] Y| S| 7 glrei e
Wheel Grader woighe| > |2 & K g
|z 4.0001bs. ¢
5 Jhang | 18 32 H. P, Case T
argtor. slig [ o a l
No 2Standard Rus |E& |25 159 72 6.9 Sliae 755 675
sell Grader weighing|< = | 52 2 g sy i
B N l N 3 l
!
i Qraxp Torar, .|| l [ §,M9" §I 1d
= 3
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DIX No IIT
1ng Trartors and Graders

B o ¥ 9 1 11 12 13 IL
WORKING CO
s Fe— lg 3 ‘ua = . REMARKS
o =32 TE5 e,
Gally, , Gall- 122 Bz 5|20 83
ons L% gne 6% SES ‘fUJ _ S
| 1 .
! asl 5 1061 =142 3 G| 3326 1 Establishment—
140 599\ 3tg 8 e [ T 2 ";. per mensem
| o i 3.
Drver . 100
T T T T [ | Geader Operator 40
L ! ‘ [ Coohe 13
g 2 5
485 170 16 28 235 396 1(:1; 431] 760 %364 Chaukadars 1
| | I Total . 170 or
_ - = = - | say Re5-12.0 por ciem
T | | C 2 3 2 Deprecuation and Ite-
2 3o piwentents—
ol 2 10 2 ol 936128) 850 T 5 B0 o et of tho plant used
| , ! | m different  distriets
| | vary  and  melude

' [ | =
441 227118 5 :mL nl 21 eesh 25! 426 868 o} 2:04
1 S |

experimental plant that
will not be used in the
future  Therefore  the
charge under this head
15 based on cost of plant
that has  been found
swtable A Lfe of 500
days has been assumed
for tho Tractorand 1,000
days for the Grader,
Plant  Cost, Deprociat-

tion
per diem
Grader 3,350 335
Tractor 4,650 930
Total .. 12465

Add for Replacements
of Parts =300

Total 1565
or esy Rs 158-0 per

31| 129 19 15“ 2 2359 123‘ 178 219 mf 58,
N
‘ | [ .
N S O N B
T e o B B
626 263 30 4o 24 65 913|155 943 | S35 03
] |
—T T8 2
'°l475505 7 4 m’ Ei 8] 3 Blao
= h
7 | | RN
I -1

em
Nort  ltem I 1aspreag
over the period of working
(Col, I}

Item II 13 confined tq
the actual No. of days
wothed (Col. II).
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APPENDIX IV.
Demonstration eurth roads in the Punjab.

]
Distract. Name of Road {lllleage. Present condition
| | -
i
Hissar ..} (1) Hapsi-Sissar 4
(2) Hansi-Bliwam "
Rohtak .| Bonepat-Gohana 100 Good
Gurgaon -+ Dallabgarh-Cbbornsa | 12
Karnal . | Karnal-Hanst KRR
Ambala ..| Ambala-Noggal 10 Very poor, 3ol un
suitable
Sadla-Balach 526
Jullundur .| Nawanshahr-Jadla 715 '
Ludbians . | Ludhrana—Raskot 3| 10 .
Ferozepur erro‘Lepnr Cantt.Zirs ..| 10 | Goods -
Lahoro . ! Raimnd-Manga .| mso ! !
Amritasr + Amntexr-Chowgaon . 8 '
Gurdaspur | Batale-Qadian o2
Gujranwala | Naushera-Verka-Gujran- | 18 Bad. Sol suitstl®
| wala | “but road pegleted:
Gujrat .| Kuojah-Phate L)oo ‘
Attock . Gondal-Hazro . s Good. {
Mianwalt Parkhel-Moch .| 45
Lyallpur .. AmmpurNarwala .. 67 | Poor. Sai wuswled®
Jhang -+ Jbsog-Rivwz Bndge .. 7O |
. Rangp 12 | Good
Dera Ghaz Kban | Jampur-Dajal RETEE
. e
Total [ 150




131

Earth Roads.

< ¢35 [2.00T o €09 66 o 8F |18€ S9% 02 g | . W | 03
062 . 968 106 39 01 [66-0 (66 € o6z [oor osg [ mdyegg | gf
L |16t 19 ss (08 o oLy leve 5Lz . aufng | gL
'3 fe-art <24 015 leFec  |o.L  [30-58 (L1491 9 L85 5 vandoqyogg | 41
93 - 3le  |96¢ 51 88 F (€ 398 N vjemuwifng | o1
€ 90z . 38 81 I < 903 - sjoqpeg | g1
(pampa0) IRIT 3 89 (0576 |96 83 (86 L5 361 - mdavping ( Bt
(paxpio) I} 52 i £15 (5ot © o lesL [oe 1T : Jusumy | £
T Jeez g cLe |18 86-0 (3181 BL-LL 052 owquT | g1
T 3FE 0q 189 [0€6 oz |egog oo L 361 amdazosag | 11
- . £8  |5195 |95 |99 [of B - susigpat | 01
Z le-1or - . - < ¢ 101 : buint | 6
STz . - . . ez . reigeoR]
B el Tjeiz |l0%E5 [1rF 3F 89 SO-ET B ol | 8
e - e . - ! - .. . A wuUg L9
L fout © e ! Tlero oot 5% 368 601 601 wrquy | g
Le:z osiz R¥ cog fevo1  [s¢ 66 lecge ar1g i€ . Jeaos v
s6c oLl d ¥o oz 5 ores 91z szer [T wostmg | ¢
91 Gon H oty ¢86  fg16 07z FGET L£lg  |WI A g
I lsze 08 o ! L5g el e ciez [sre gzse  [SEF DI
L | '
i , 2
o1 91 i €1 p n ot [ E L 9 g ¥ / T 3 3
g £ | 4 o wpSplEpls g5 F a,-m, g2
B2 | oligl v BE ey |CEREEREE 38| 55 |EF| E 8
g homsp = 1 4 ] ATgeReltes *r2 ] 28 138 & - [
‘SEAVRAY] B ] B Fe =) a8 1gR) B FHWIL o
ug 3. 35 | g% 3 K3
oL govamn | 3 ¢ qarzAEaY ST Rg%s) %
HONVIVE 2
“qolung 2y uy spooy Pall 11 S0P fo juswadosduif

‘A °N XIANFddY




130 Earth Roads.

APPENDIX IV.

Demonstration earth roads in the Pu[njal:.

T
District, Name of Road, Mileage | Present condition.
Hssat .1 (1) Honst-Sissm . ‘ 4
(2) Hanst-Bluwam 6
Rohtak Sonepat-Gohana . ' 10 Good.,
Gurgaon | Dallabgarh-Chibainsa | 12 !
Karnal ..} Karnal-Hanm dos
Ambala .. Ambala-Naggal 10 Very poory sodl ug-
suitable,
Hoshtarpur . | Jadla-Balachaur 526
Jullund . Jadl 715
Ludhians .| Ledbana—Raikot .| 10 R
Ferozepur Ferozepur Cantt.-Zira ..| 10 Good. ‘-’l ,
Labore . | Rarwind-Manga .| 1130 !
Amribsar J Amntsar-Chowgaon .| 9 !
Gusdaspur - Batala-Qadian 2 '
Qo NSk | 16|t S
Cujrat . Kunjah-Phalia .| 2 i
Attock | Gondal-Hazro . 8 | cood |
Misnwah ' Paikhel-Moch o oas b
Lyallpur . Amynpur-Narwala L] 67 | Poor. Sl nnsutable
Jhang . Jhang-Rivaz Budge ..| 75
Muzaflargarh .. Rangy 12 1' Good.
Dera Ghant Kban | Jampur-Dajal oo
, ——
Total .} 10542
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APPENDIX No. VL.
MECHANICAL TRANSPORTATION

Estimated cost of transportation by a kerosine oil tractor and two
-ton trailers to Mandis.

Plant to travel six to eight mules an hour and haul a load of 10-ton.

Capital expenditure. .
Rs,
1. Tractor at Rs. 4,500/~ .. 4,500
2, Tralersat Rs 2,000/- 4,000
8,500
1. 5% interest - 425 peranpum.
1. Depreciation.
Life of tractor 4000 hours or 1°12 per hour
trailers 8,000 hours or 5
162 .. 162
III. Running costs (excluding I and IT).
Running cost for 4,004 hours Rs. 9,466/~
(actual experience, see detatls)—
Cost per hour . 236
Total running cost per hour .. 398
sayRs. .. 4 per hour.
Annual cost of establishment.
Rs.
Driver's pay Rs. 100/- p.m, . 1,200
Attendants pay Rs. 50/~ p m, . 600
1,800
Total annual cost (assuming plant works
800 hours or 100 days).
{a) Establishment . 1,800
(# Interast .- 425
(c) Runmng costs 800 x 4 . 3,200
(d) Repairs . 500
5.925

say Rs, 6,000
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IO, —Relation between power requu'ed for transportation and
ploughing per unit area.

Assume worhing peniod for ploughmg as (00 days during the year
and lead for transportation as 12} mules.

On an average one tractor can plough about six acres per day or 600
acres a year (of IOO days) Talung yxeld of agncu ltural produce as
-w= sbosesstew o1 produce would figure out

) . rortation outfit could make
aerefore the outfit could
1/11th the time required

for ploughimg this area,

1f the lead were increased to 25 mules the tractor could be used for
transpartation for 18 days. It will thus be seen the power required for
ploughing 15 far greater than required for transportation per unit of area.
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DISCUS3ION
Mr. Nand Gopal, remarked as follows :—

The author of the paper has dealt with Provincial, District and
Village Roads as the only possibilities for use of Grading Machinery.
The speaker thought that its scope could be very usefully and econom-
cally extended to Canal Roads as well and more particularly to Roads
alonz Drains It s true that these roads are not generally open to Public
but of late years a policy has been adopted to open these to the public with-
out permits as far as possible, The figures for maintenance of roads
given by the author are so low that a canal Engineer can look forward to
much use of this machinery, for both classes of his roads—thos open to
Public and those reserved for Departmental use. The author works
out the cost of mamtenance of his roads at Rs. 70 p.m,, per annum,
taking a traffic load of about 100 bullock carts and 15 Motor Vehicles,
perdiy Canal Roads have a_much hghter traffic than this, For Public
roads for Mamntenance he finds gradings five times a year necessary.
For canal Roads twice a year would perhaps be enough , one soon after
the Monsoon, say in October, and the second after the winter rains, say
1n February  This will reduce the cost to two-fifths, say about Rs. 28
only per mule per annum. Agan canal roads are generally 1n much
better condition to begin with and the number of times the grader will
have to run for each grading will probably be only one, against three
for public roads

This will further reduce the cost to only about Rs, [0 per mile per
annum  This 1s very reasonable figure, which can be easily met from
the ordinary Annual Mantenance and Repairs estimates. These re-
marks apply more particularly to what are termed ** Boundary roads ™
for maintenance of which at present very little 1s available from the usual
allowances for Maintenance and Repairs of Canals and Distributaries.
It will thus be possible to open more of them to the Public. Roads on
banks are r.served for departmental touring officers and on boundary
roads only restncted trafhic 1s possible, owing to the high cost of main-
tamming them in reasonable order if no restrictions were in force. The
use of graders would certainly reduce these costs. It would be advisable
for the author to extend his help, to begin with by giving demonstrations
in some Canal Divisions It can not be said yet whether the Canal
Department will be prepared to buy a few sets of Machinery for trisl.
This will depend largely on whether enough work can be found for each
set within the time a certain area has to be served.

The author's figures of cost are based on a very moderate estimate
of 100 working days per year, during which according to him about 1300 R
miles can be covered.

For canal roads requiring two gradings a year, 100 days could not
be extended over the whole year; but it would be necessary to concentrate
work during October, November, February and March.” The machines
would thus be expected to run continuously during these four months.

P
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could combine to have one, or if enly a limited use were permissible,
one Canal Circle could kesp one set. It is time that canal Engineers tur-
ned their attention to this method of maintaining their roads and tool
advantaze of the mast excallznt lead given by the author and all the uscful
data collected by him in his paper.

Bawa Badh Singh remarked as follows :—

Earth roads if properly drained and maintained can serve the rural
areas for all thair needs, provided ths soil is good. The GRADER
dress=s up the road surface well by cutting the ridges and filling up the
valleys, but the flling is always solter than the newly cut surface, It
would greatly improve the surlace, 1f a faitly heavy roller followed the
Gradzr, and rollzd down the freshly dressed surface. Continuous us®
of the Grader is likely to lower the road formation below flood level. A
submergzd earth road is a great nuisance to traffic, thercfore, efforts
should be made to keep important katcha roads dry throughout the year.

The intensity of Motor vehicle traffic on Punjab roads s not one
half of that in Westera countries, The construction of very expensive
roads cannot be warranted on the score of traffic alone.

The Communication Board's classification of roads, appears to be
arbitrary. Some of the artérial roads viz; Dera Ghazi Khan—Mithan-
kot and Muzaffargath—Alipur roads do not satisfy the definition of an
Arterial road, as given on page 1

The speaker would suggest that the improvement or reconstruction

* An tmmyrede tha oot =f L LY Government contributes more
. ried out by Government, tather
b + District Boards.

Mechanical Transport.

The author of the paper has stated  that improvement of the fosds
will lead to the introduction of more motot vehicles in the country.

He has written in another place that the great obstacle to more €3
tended use of Motor Vehicles for the transportation of goods, is the
deplarable state of village roads, Uhless the latter are improved, very
tittle progress in this direction can be expected

Again he advises lorry owners to Diterally force their way into villages
by §tonand I ton buses and start passenger services, This penctration
will ultimately pave the way for goods lorries. No one can deny the

+importance of the subject to this country. The author has not only
conbiand e witwe o sbe —egee 1w © " saloexpres
. 0 the Civd ¢

' . city, one might
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coms to the 1 that the proposed imp of our roads is
to lead to an introduction of Mechamical Transport into the country on
large scale.

The object of the author 1s laudable, 1t 1s to awaken India
by Motor Transport, and the subject deserves very serious  consideration
at the hands of this Congress and Indian economusts

The author estimates the cost of properly mamtaining and tmproving

what the Government spends at present on roads Hence the amount
spent on tmprovement will be recouped by income from taxes, etc.
The argument 1s correct so far as Government 1s concerned ; but what
about the enormous capital required to purchase the Motor Vehciles?
Supposing a vehicle costs Rs 3,000 on the average, the total captal
investment would be Rs 111 crores

The annual dran of money from the country would roughly be
another 45 crores .~—
Rupees.
(1) Interest on Capital «@ 9 per cent per annum .. 10 Crores,
(2) Cost of spare parts, tyres etc., ‘@ 200 per vehi-

cle .. 7.4 Crores.

G "t [P TOURNUIAY 2% R |

2275,

Total Rupees .. 45 Crores,
Can Indi afford all this Capital investment as well as the annual
expenditure, with her m2agre resources
e s LT 1 et 0e e Masbeneal Transport and other
.. /e are the producers
W . L .ot nged complicated
machinery for thewr export Let a lvh?rqugh investigation of the ways
and means for the development of India’s industries precede the wholesale
introduction of Mechanical Transport into the country.

fary el et baeios oo —oglture and the
. . - ' In this con-
T would remark

rovince is a land of small holdings and the agncultural unit of
3::‘ ft::-:nl:r is @ plough or & pair of bullocks. These bullocks are his
economic unit which do his ploughing sowing, water Iifting, harvesting
and cartage of his crops to the market. They are fully epaploycgl throu-
ghout the year with a rest in the rainy season. The principal agricultural
mplements are: the plough, the persian wheel and the bullock cart,



1364 Earth Roads.

simple in construction, and maintenance, prepared by the village carpenter
with the timber available from the trees in the fields, Nodoubt
the mechanical efficiency of these primitive implements s not s grest as
that of up-to-date machinery ; but the fact that they can be worked by
bullock power, makes the zamindar cling to them,

The casz of big landholder is different, and the problem is quite
diﬂeren{t from t}m‘at on the rfnchels of Ca‘nad;\ and Aus.!rali‘a. whcre_'!,hou-

absorb them. Unzmployment will ncrease, and wath it unrest.

Moreover, Farm Machinary has still to prove its fitness and economy
in this land of small holdings.

T [ IR PPN § S B Y -~ LT Y B Qv
cat T . o
worla : '

& bullock-cart,

He calculates the cost per ton-mile by Tractor Trailor transport at
four annas against eight annas by bullack cart | but these figures cannot
be accepted at their face values ~ The cost per ton-mile by Mechanical
Transport is pitched too low, while that for the country cart is too high.
nor o al 1l . -t o . Y ~ . -_'fﬂow!
+ on onc

. - + per ton-
e 1hE LuuULn LIL genelauy tidvels empty homeward. It 1S un-
likely that a ten-ton tractor trailor-umit would find a sufficient number
of passzngers or goods for the return journey to the willage—a village not
being an industrial centre.

The author has omitted to give details of hus 0-8-0 per ton-mile cost
by bullock cart.

Te calaclas®ag tha ans il o

- . e LR

has taken the figure of 800 hours  Interest has been placed too low, no
agriculturist can raisc a loan @ 5 per cent interest, the rate of
intcrest would be nearer 10 per cent than 5 per cent. Repairs, spire
parts, and tyres etc., would certainly cost more than 500 per annum, 23
the tractors and tradors 1o rural areas will not work under the
superviting eye of an engincer and his establishment, as in the case o
experimental working,

The cost of laading and unlosding goods in a ten-ton unit would
be considerable and would add to the cost of the trailor transport. In
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addition there is the damage wrought by such heavy mechanical transport
to the roads, and 1t becomes evident that a tractor cost much more than
four annas per ton-mile

Until the country developes its industries to a higher level the intro-
duction of Mechanical - Transport will prove rmnous both to the villagers
and to the roads.

1 d

n the author's on page 122, to the effect,
that there 1s no vehicle 1n existence or projected throughout the world
which would carry goods 1n large quantities at low cost on earth roads
without unduly damaging them 1s disappointmg, and it would appear that
he ks not made out a case for the ntroduction of Mechamcal Transport
on earth roads m the Province

Mr.K.B.Kewalramani noticed that the author on the first page
of his paper found it very difficult to understand how a_comparativeley
poor country like India could afford to maintain about 28 per cent of
her total mileage of roads as surfaced when a rich country Iike U. S. A,
could only afford to surface only about 20 per cent of its roads

From Appendix ! Belgtum has surfaced cent per cent. of her total
road muleage against 20 per cent in Amerrca. Is it therefore to be con-
cluded that Belgium 1s richer than Amenca? The fallacy lies in not
calculating road mileage on basis of populatior or total area of each
country.

1 the author works out the total road mileage 1n India and compares
the same with that of other countries per million square mules of area
or per million of population 1n each country he will find no difficulty in
understandmg what he says he cannot understand now. The following
table 15 1llustratne —

.e | o . Zolid Load
FE [ o [Rostmites (thowsand miles).| ‘mileage tn
thous
Coantry g% H H T honds_

28 bE ot Surfaced | Total

US. A . 117 | 2400 600 3100

Japan - 77 | e 1| 528

Belgum . 77 L, 63 63

France . 49 4154 246 | 410

R RO L

Todin - 300 [ 1307003 | 201

So with 20 per cent. US A, has surfaced about 162 thousands miles
per million square miles ares; whereas in India 28 per cent of total
mileage works out to only 347 thousands per million square miles, which
is comparatively much easier to surface.
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simple in construction, and maintenance, prepared by the village carpenter
with the timber available from the trees in the fields. Nodubt
o mocbesfol afoma cfalooa St Sl Tememt et (s grent 2
+ worked by

The case of big landholder is different, and the problem 1 quite
different from that on the ranches of Canada and Australia, where thou-
T e oM - 1. LT | A ™o 1 - Tlage,
of
-in
Lo . “to

absorb them  Unemployment will increase, and with it unrest.

Moreover, Farm Machimery has still to prove its fitness and economy
in this land of small holdings.
3

T tema AL e Lora Ve ea oar tae,
catT . L
work . . . ) L .

a bullock-cart.

He caleulates the cost per ton-mile by Tractor Trailor transport at
four annas against eight annas by bullock cart ; but these figures cannot
be accepted at their face values, The cost per ton-mile by Mechanical
Transport is pitched too low, while that for the country cart is too high.
Referring ta the author's article in the Cioid and Alditary Gazette, * Motor
Transport in the Punjab’, he says * If a full load is obtained on one
journey only, this would figure out at annas eight to annas ten per ton-
mile ™ The Bullock cart generally travels empty homeward. It isun-
Likely that a ten-ton tractor trailor-unit would find a sufficient number
of passsngers or goods for the return journey to the village—a village not
being an industrial centre.

The author has omitted to give details of his 0-8-0 per ton-mile cost
by bullock cart.

| S TR SOCHUNIN SRS S PR .t . ‘eyendd
. (. . . .o atdf
PR .. R ¢ tota]

. .._ . - . 'COL\ld

. . ta ==« . =+ cauther

nda wantal B Biguie 0L oW liguts.  fnterest has been placed too low, 00
egncul!unst can raise a loan @ 5 per cent interest, the rate o
interest  would be nearer 10 per cent than 5 per cent, Repairs, spare
parts, and tyres etc., would certainly cost more than 500 per annum, a3
the tractors and trailors in rural areas will not work under the
supervising eye of an engincer and his establishment, as in the case of
experimental working,

The cost of loading and unloading goods in a ten-ton unit would
be considerable and would add to the cost of the trailor transport. In



Earth Roads. 136e

addition there 1s the damage wronght by such heavy mechanical transport
to the roads, and it hecomes evident that a tractor cost much more than
four annas per ton-mile.

Until the country developes tts industries ta a higher level the intro-
duction of Mechanical Transport will prove rumnous both to the villagers
and to the roads

In conclusion, the author’s admission, on page 122, to the effect,
that there 1s no vehicle 1n existence or projected throughout the world
which would carry goods in large quantities at low cost on earth roads
without unduly damaging them 1s disappointing, and 1t would appear that
he has not made out a case for the introduction of Mechanical Transport
on earth roads m the Province

Mr. K.B.Kewalramani_noticed that the author on the first page
of his paper found 1t very difficult to understand how a_comparativeley
poor country like India could afford to mamtain about 28 per cent of
her total milesge of roads as surfaced when a rich country like U. S, A.
could only afford to surface only about 20 per cent of its roads

From Appendix | Belglum has surfaced cent per cent. of her total
road mileage against 20 per cent 1 Amenca. s 1t therefore to be con-
cluded that Belgium 1s nicher than America? The fallacy lies in not
calculating road mileage on basis of populattor or total area of each
country

If the author "= = - #=+-" =2nd —-taame — T-j3 and compares
the same with the re miles of area
or per million of no difficulty in

understanding what he says he cannot understand now. The following
table 1s illustratne

i ToliT Tnad
_ﬁ E - Road miles (thoutand rmiles) mileage sn
3]s thousnds,
Country I | N
55| 25 [Eaen " Surfaced | Total
L2El g gravel
< [
Us A et fur |20 | e | aueo
Japan o sl e T2 1| Tazs
Belgum P Y 63 03
rance o o] e 2408 | 410
Germany P 3 250 | 1232
taly i Bt I s6-4 | 1136
India |27 a0 603 | 211

So with 20 per cent. U.S. A. has surfaced about 162 thousands miles
per million square miles area: whereas in India 28 per cent of total
mileage warks out to only 347 thousands per million square miles, which
is comparatively much easier to surface,
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Mr. K. G. Mitchell remarked that, as stated by Mr. Stubbs, they had
1 the C: icati oard, been emphasising the importance of earth
roads since 1921 but that 1t has taken till 1927 to get things going He
was however glad to say that people were taking interest in the subject
now. He remembered that n 1922, the Communications Board offered
to pay the cost of improvir—-=3 - <= - = o Wi b few
road which any Assistant E -
up as a hobby but as faras .
ually they started demonstration roads of about ten miles in  twenty
districts to show what could be done and what the cost would be. Mz,
Stubbs had pointed out that 1n three cases these demonstration roads
were failures and stated that they were expensive as they were built by
manual labour. They were of course expensive as it would not have
done to ask failure by leaving them too law n districts Liable to heavy
rains or flooded roads from Abzaya but they had been of great value for
their obiect, as the subsequent histary proved The failure of the
Gujranwala District Board to maintain what had been made into an
excellent road was however ommous

Referring to the statement at page 119 he felt that so many roads
were badly dep { that the provision for filling was inade-
quate.

He noted that on page 110 at the bottom Mr, Stubbs expressed the
pious hope that the revenus obtamed by the Government of India from the
mmport and excise duties on motor sprrit and from various other taxes
would all be cventually ear-marked for road development. He was
doubtful about ths and the argument developed therefrom by Mr Stubbs
that the only way to finance roads was to increase without limit the motor
trafic using th m  H- point d out that at the present moment the
two anna surcharge on petrol, which 1s alf the roads can ook to, brings
in only about scv n per cent of the total road hill of India,

As to the use of graders in the Punjab referred to by Mr, Stubbs on
page 114, he satd that it was not found possible to use the western grader
by hiring bullocks which were not often available when wanted.  Ths
machine was of course primanly one for maintenance work, As regards
the 1u'ral grader, Hercules ractor for the purchese of which he was
responsible, the tractor had been selected with the aid of the Indin
Stores Department and in consultation with the makers.

He considered that some of the figures in the Appendices were mis<
leading.  For instance, according to M-, Stubbs Mexico had 37 moter
vehicles per mule of road while Great Brtain and the U.S A. had only
cight o ten.

As to Bawa Budh Singh's remarks that it will greatly improve the
surface if a L)xrly heavy saller follows the grader on the freshly dress
surface, he said that the difficulty was that the 30il was often so dry that
grading produced fine dust or powder which, it was no use rolling until
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it had had a fall of ram or some canal water. He hoped that eventually
with the co-operation of the Irrigation Branch arrangements could be
made for regular watering which was very desirable for maintaining earth
roads 1n good arder.

Mr. G. T. Pound said that the fact must be faced that this Pro-
vince could not or would not find the money to maintan the roads

ince, tha Ve g e the aumber
be built and
led until the
traffic on 1t became so heavy that 1t was impossible or uneconomical to
mantamn 1t as an earth road.

He had nothing to say against the use of graders and tractors for road
construction provided the programme was large enough to keep them
fully employed  Smaller programmes could be carried out by manual
labour. This did not involve the digging of borrow pits as Mr. Stubbs
seemed to suppose He had cambered and graded an earth road by
manual labour at a cost of about Rs 200 per mile.

For maintenance he advocated the use of drags which could be made
Jocally and pulled by bullocks ~ The use of a number of drags enabled a
long length of road to be smoothed when the surface wes drying up af er
yain. A mantamer with a hundred miles to cover would not ke able to
do this.

In places where gravel was available he suggested that on sections
where a metalled width of twelve feet was not sufficient, gravel shoulders
would be found cheaper than widening the metalled surface both in con-
struction and maintenance.

B Tr . plemeg efeeeed b dha chtemant o de sl w f
I
a
- . av »  ents nag been tried for
and turning traffic on
up.

Tturdly, he ashed if any instance had occurred of an earth road which
had reached* saturation pomt™ on which the traffic had become
excessive and if so what procedure had been then adopted.

. 4 N

Mr. Nichol d his exper; when recently on tour
to Jhang. Multan and Muzaffargarh Districts. He found that some of the
finest roads he eame across during his tour were cut up by water-course

and he dered that should be made for the
provision of culverts at such sites.

As regards grading, it was clear that at times  the roads could not be
propetly rolled and mantained owing to lack of water. He suggested that
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if the.District Baard or the Communication Board were unable to arrange
for this, they should refer the question to the Irrigation Branch who would
be in a position to make the necessary arrangements.

Mr. Dhodhy referred to a small machine known as Martin Ditcher
which was used by him about 10 years ago. He said it could be used by
a pair of bullocks. ™ It cut off earth at its outer end and piled it in the
middle. This enuld then be rolled over. It cost, then, about Rs. 400 and
he thought it quite useful for improving canal bank or houndary roads.

Mr. Stubbs, in reply to points raised in the discussion, sad he
was unable to reply really satisfactorily offhand. He was pleased to hear
a suggestion emanating from a canal officer that road graders should be
used for canal boundary roads which should be thrown open to the public
as this would mean bringing thousands of miles into beneficial use, and
would be a great asset to the Province.

L R I L N R T « extensive use
b roads was a

\ an opinion—

time alone would show whether he was right. He was certain India
11 P A L e v M . . .

f

. R . o
extensive use that was made of earth roads m various parts of the world
as compared with India.

H: agreed with Mr. Pound that the use of gravel on the berms of
metalled roxds would be beneficial. He explained to Mr. Mitchell that
the stzam Hercules tractor was designed to exert its maximum draw bar
pull at a speed far m excess of two miles an hour, the average speed at
which road grading 1s carried out. For this reason this tractor was not
up to the job of road grading.

He told Mr. Trevor Jones that observations show that under average
soil and traffic conditions the carrying capacity of an earth road was
bullock-carts and about 15 motor vehicles daily, when this limit was
reached a gravel road was necessary,
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HYDRAULIC GRADIENTS IN SUBSOIL WATER FLOW IN
RELATION TO STABILITY OF STRUCTURES RESTING ON
SATURATED SOILS.

By Ajuonia Nata Kuosta, BA, ISE, Executive EncINEER,
AMIE, (Inpra). .

Introduction.

The author has had to face, during the last three and a half years,
serious trouble 1 connection with the upstream and downstream floor
of some of the drainage siphons on the Main Line of the Upper Chenab
Canal, more specially th. Dugri No. 1 and Jauryan siphons.

Dugri 1 Siphon.
The trouble on the Dugri No 1 (R D 35,800) siphon downst_rcam.

however, occurred as early as 1915 when high supplies were run in the

canal for the first time  Springs appeared beyond the drop wall. In

1917 the flocr was extended and stlrengt_}'lejned I!P 1919 the right wing
W ] RPN i R CR A

bays for draiming water at a lower levcl. Relief pipes were inserted in
the flor  In 1921 the prings became extremely active blowing out
sand freely. The nght wing wall settled out of plumb. The trouble
finally extended to the face wall which crached due to the settlement of
the barrel lips. The barrels cracked inside. In 1923 a line of sheet
piles 20 f'cet degp below bhed (sc:‘e plﬁtc Vi) was put in 7"0 f;et away

This proved equally ineffective. A proposal was put up of puddling
the canal bed and side slopes for 3 lensth of 100 leet upstrean and
downstream of the siphon to kill the hydraulic head under the floor.

This however was never carried out.
.o Cae 11,103 0 L3 1. . a ™

floor was further strengthened and repaired.
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if the Disterct Baard or the Commumcation Board were unable to arrange
for this, they shaald refer the question to the Irrigation Branch who would
be in a position to make the necessary arrangements.

Mr. Dhodhy referred to a small machine known as Martin Ditcher
which was used by him about 10 years ago. He said it could be used by
a pair of bullocks. It cut off earth at 1ts outer end and piled it in the
middle. This could then be rolled over. It cost, then, about Rs. 400 and
he thought it quite useful for improving canal bank or boundary roads.

Mr. Stubbs, 1n reply to points raised in the discussion, said he
was unable to reply really satisfactonily offhand. He was pleased to hear
a suggestion emanating from a canal officer that road graders should be
used for canal boundary roads which should be thrown open to the public
as this would mean bringing thousands of mules into beneficial use, and
would be a great asset to the Province.

In reply to Bawa Budh Singh he said that the far more extensive use
of motor vehicles whea the country was opened up by earth roads was a
prophecy and that motor transport would awaken India was an opinion—
time alone would show whether he was right He was certam India
would not be ruined by introducing  mechanical transport.  The very
great accuracy or otherwise of road mileage, etc. of various countries wasol
academic interest only as these figures were merely used to show the very
extensive use that was made of earth roads in various parts of the world
as compared with India.

H: agreed with Mr. Pound that the use of gravel on the berms of
metalled roxds would be beneficial.  He explamed to Mr, Mitchell that
the stzam Hercales tractor was designed to exert its maximum draw bar
pullat aspeed far in excess of two miles an hour, the average speed at
which road grading 1s carnied out  For this reason this tractor was not
up to the job of road gradig.

He told Mr. Trevor Janes that observations show that under average
soil and traffic conditions the carrying capaaty of an earth road was
bullock-carts and about 15 motor vehicles daily, when this limit was
reached a gravel road was necessary,
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HYDRAULIC GRADIENTS IN SUBSOQIL WATER FLOW IN
RELATION TO STABILITY OF STRUCTURES RESTING ON
SATURATED SOILS.

By Ajupnia Natn Kwuosta, BA., ISE, Execurive ENnaIneer,
AMIE, (Inp1a),

Introduction.
The author has had to face, during the last three and a half years,
serious trouble mn c with the and di floor

of some of the drainage siphons on the Main Line of the Upper Chenab
Canal, more specially th. Dugn No. | and Jauryan stphons.

Dugri 1 Stphon.

Thason HlaaesbaNne N 1/R 1) 35 8 sinhon downstream,
howe : were run in the
canal ' e drop wall. In
1917 the flocr was e'((ende}:i and strengtl]le;led. lI|n 1919 the night wing
SN d el RO LS i

bays tor draiming water at a lower level, Keliet pipes were inserted 1n
the flour  In 1921 the <prings became extremely active blowing out
sand freely. The right wmg wall settled out of plumb. The trouble
D T P 2O B T TR B I T

This proved equally ineffective, A proposal was put up of puddiin:
the canal bed and side slopes for a length of 100 teet ul;strsam ang
downstream of the siphon to kill the hydraulic head under the floor.
This however was never carried out )

|90 NI L SO IR § IR SE O 0 O —~

were also remodelled and tounded on wooden piles and the downstream

floor was further strengthened and repaired,
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All these however proved ineffective as springs continued to blow
out sand at the end of the floors both upstream and downstream.
Settlement cracks _started appearing and finally the * situation became
as dangerous in 1928 as ever it was before,

All the repairs and extensions mentioned above were based on 2 hy-
draulic gradient of 1 : 10taking no account of the high spring level all
round the work both upstream and downstream.

This was based on the Hydraulic Gradient Theory as set forth by
Mr. Bligh in Chapter V] of his book. The object of this paper is to show,
how very materially this theory can be at variance with facts.

Jauryan Siphon.

The author took charge of the Marala Division in April 1926 The
Jauryan siphon (R. D. 63,800) had been giving cause for anxiety for over
o ' “ve just outside the pacea flor.

L. the wing walls and the face
: o . « The siphon was saved from
further damage by headng up supply on top of the floors by putting up
unds upstream and downstream so that there was no chance of sand
blowing out. A number of proposals were under consideration at the
time for rendering the structure safe. One of these was to hne the be
and slopesL|25 feet upst-eam and r|25 ffet downstream of centre IineLof
PRI R e T )

width of stone pitching. ‘This work was executed in the January cosure
O

¢ upstream floor, wings and face walls were also rebuilt.
1. .0 TEore L am o sdy
- . . =above
©L. . - . ¢ adient.
‘T'he results of pressure pipes observations soon disclosed that wheress
the puddle was absolutely watertight it was absolutely ineffective
in reducing the upward pressures under the floor which were
governed by the subsoil level (not the level of the flowing water in the
cunette or drain) in the vicinity of the work. The puddle cut off the
local percolation but this was going on abave and below this length thus
keeping the subsoil water level unaltered even in front of the puddle
ength. The history of these two siphons clearly demonstrates how
works originally safe can become unsafe with a rise in the
spring level.

The upstream and downstream floors of the Jaurian siphon were
remodelled in May 1927 on the basis of the lale;lt information about
pressures under floors of this nature, The trouble however did not
end  Six mo=the aftee compun 0 T e e aes le le
wills, both  « - .t 0L TN e e
at theend of "= - .. . e i+ e iend
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and clay. The cracks bemng far away from the face of the barrels,
there was no immedsate danger, but the design was by no means the last
word. After careful study of the local conditions 1t was believed that
the fault lay with the shallow end curtain walls, only 2} below top
of floor which permitted sand blowing under pressure. Subsequent
study, which forms the bulk of the paper, confirmed this belief,

After the summer of 1928 benefitting from the mistakes of the earlier
designs, the remodelling of the Dugn floor  which had become dangerous
by them, was designed on the lines of the Jaurian siphon, so far as up-
ward pressures under the floors were concerned with a line of sheet piles
8fe t deep at the ends as a drop wall to prevent sand blowing out from
underneath The deep sheet piles were objected to 1n view of the fear
of “piimg up™ of pressure behind them and underne‘ath t}:e Ppacca
foor ™ a b P e . e e
The po L
roomat "
experin
parmitt " . .
was executed 1n January 1929 and the experimental work carried out so
far shows that the design is sound It 1s now proposed to add a line of
sheet piles cach to the Jauryan floors to make them safe.

The Origin of Experimental Work.

The above narrative of the troubles at the siphons, tl?e various
remedial measures employed and of the results‘aihx'cvcd, E)lr,mgs out in
1 LI R S Y - ante #'am afaba e o .- T

the conclusions derived, theretrom, are described 1n the pages that follow, .
Some of these conclusions differ very materially from accepted theory
and established practice and as, lhe. prinaiples involved are of wide
practical application, being of vital importance, the author has ventured
to present these to the Congress in the hope of inviting criticism and
thus deriving bencfit from the experience of other engineers.

From Colonel Chibborn’s experiments of 1896 at Roorkee, on the
Passage of Water Through Sand and from the discussions on these
printed in G. of I, Technical paper No. 97 of 1902 as also from record of
observations at the Narora Weir, the Upper Chenab Canal siphog,
and other places, it may be safely concluded that :— -

(1) As in pipe line flow, so in subsoil water ﬂ?w: the ',"
Pressure Gradient is represented as nearly as possit'-
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jaining the upstream and downstream free water surfaces provided that
the medium is uniform and that there are no cbstructions of any sortin
the region of flow,

In figure 1, Plate 1, AB represents the Hydraulic Gradient line for
the pipe PP when A; and B are free surfaces at either end, A, A being
loss of head at entry. The water level in a stand pipe, inserted at point
X, will rise up to the point Y where the vertical through X will cut the
H. G. line.

The ahnve chatah ayartly vamsasants tha aces e e

through subson. 'Lhere is, however a very important factor involved,
which has so far always been ignored in subseil water flow and it is
believed that it is being put forward for the first time in the paper. In
the case of free water moving through a pipe line, BB. represents the
true water level at exit as it is assumed that there is na velocity head in
the reservoir BB, If the pip. were discharging free with a veloaty of
exitat P) the head due to that velocity of exit will have to be plotted as
BP to get the true free water surface for purposes of obtaining the true
H. G. live.

In figure 2, Plate I, A A is the free water surface upstream and By By
the apparent free water surface downstream, Ay P, is a vertical wall and
P P, an impervious floor formed on sand or other soil. Beyond Py the
foundation soil is exposed. According to the commonly aceepted theory
A B will represent the H. G. line. This will be so only if the flow at
the level By B; has no velocity or in other words there is no flow. But
if the subsoil water coming out of the exposed surface of soil Py Pg has
a velocity, the head equivalent to that must be added above B By to get
the true free water surface BB The line joining A B will then ée the
true H. G. line. This phenomenon of the true free water surface
being very much higher than the apparent free water surface
is clearly d by the experi [ work at the siphons and by
the analysis of the available data oj weirs, 'l'hisI will be fully chscuststd

e . v “s fean

atar an hut ab mav ha mant'an,

(see photographs No. 6 Jauryan Siphon) The exact sigmficance of
this curve and of the influence of curtain walls on the H. G. Line will
be explained later.

Ecperiments with Pressure Pipes at Dugri No. 1,

The general arrangements of these pressure pipes is _shown oft
photographs No, 4. 5 and 6 and in plan on Plate VIl There is 2
row of pressure pipes fixed in the middle wall spaced about 10 fect
apart, These pipes (No, ! to 5) 11" or 1}" diameter, have filter
points at the bottom, 2° to 2}’ long. There are three (0" long Tej
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straineis 57 internal diameter, one in the middle wall and one each in
the wing walls. These are meant to relieve the upward pressure under
the floor. Temporary pressure pipes with flter pomts at the bottom
ends, were fixed in line with the central wall, Nos. 13 and 14 between th,

canal and the face wa'l and Nos 6 to 12 outside the pacea floor, ¢

Pressure pipe observations had been made on the Jauryan floor for
the past two years and advantage was taken of the experience gained ther
in arranging the pipes 1n the new Dugri floors.  The relief strainers add:d'
considerably to the scose ot the experiments,

Object of Experiments,

The object of these experiments was to determme :—

i, The pressures under the floor under varying conditions of
canal supply and sprnng level,

fi.  The correct luzation of relief strainers and the extent to which
these ate useful i relieving stram on the floor from up-
ward pressae or frum the blowing out of foundation sul:l

iit. The true tree water level n the open bed ag against the
apparent {ree water level or the level of the water flowin
over the cunette floor g

Procedure.

COMDINAUULS,  31E LLouiy prosens = =« ) ws e wwatliels open of
all closed  To begin with, these observations were taken every half hoyy
when the canal was op:n‘mg[a‘r:d”for a ftiw days afterwards. But as ghe

LLouuie

b . - v Ul Ly,
48 hours and observations were recorded mo, °

1 p
feet intervals after T,
noon and evening, Statement I gives the details of filter pomnt levels for

al} pipes on different dates o

lovels stepping up as on NSt 44y, (1 HICLLCWALE stage, Lin) o)
points ﬁfﬁ’y Sown, () as per (1) with the cunette Tevel gonew‘:“
from R. L. 789 5 to 790 5 owing to a flood 1n the nallah. Nee, 6 and;’
were then gradually pulled up and the pressures in these fel| accordieg
to the height pulled up. .
Similar ohservattons were carsie

d out for six wecks at the Joury,
: uscl .
siphon with similar results



142 Hydraulic Gradients in Subsoil Water, etc.

Analysis of Experimental Data.

Some of the apparently eccentric results really bring out certain
important points. ‘The plots of No 10 show a distinctly greater drop
from No. 9 than those of No 9 do from No. 8 although the distance
between the two sets is the same. This s due to the fact that the bed
level at No. 10is 07" 1008’ lower than the bed levelsat No 9and No.
8 o that to get the same pressures, the well point of No. 10 has togo
down about one foot deeper. This paint is dealt with later on whete
itis shown that scour immediately below a pacca floor may endanzer
an otherwise sound floor by increasing the velocity of discharge at
the end in proportion to the depth of scour and thus augmenting the
tendency for ** piping "~ or dislocation of soil particles from beneath the
foundation. Some of the eccentric results of Nos 10 and 9 are due to
the presence of springs close to them and also due to leakage vertically
along the pipe due to the surrounding soil not having had sufficient tme
to get compact. These leaks when stopped at once produced normal
results in the pipes. A large range of results was thus obtained covering
dapths below floor up to 23 fuet.

To got at a geacral law these results (with stramers closed) were
arranged so as to show the difference of head between the normal spring
line joining the indicated pressure levels on pipes 2, 3 and 4 and the
indicated pressure 1n each pipe for each depth of strainer (flter point)-
This method of obtaining the normal spring line called (N. S. L.) is not
quite correct as the H. G. somewhat flattens out as 1t recedes from the
end of the pacea floor and the observations in No. 11, 120 feet away from
the face confirm this, This, however, was a close enough first approxi-
mation of obtaining loss of head at each depth. These results, it will be
noticed, are independent of the canal level as the N. S. L., is taken from
abservations of the pipes 2, 3 and 4 on the same date and tim=.

Loss of Head Curve.

Separate curves like the one shown in plate VII were then drawn
for cach pipe showing the loss of head on the horizontal and depth of
strainer below floor on the vertical axis,

In the curve of plate VII T R. is the normal spring level or the True
Free Water Surface referred to in the carlier pages, that is a Jevel t0
which water will rise in the subsoil due to the static head af there wete
no flow occurring in  a  vertical direction. This can be possible
in two ways: (i) if the area undelr consideration be covered wit

H A i

niwe efal 1 ' subsoil extends above
.. - e h e level line is beyond the
. s - s s it were dug in the soil the

subsoil water would rise up to the normal spring level. [f a pipe with #
length of strainer at bottom were inserted in this soil the water in this
pipe would rise to the normal spring level irrespective of the depth o
which the strainer has been driven. This will apply to both of the above
cases, Now, suppose the soil is removed up to line LH., (bed of drain)
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flow will start through the subscil n vertical direction due to the differ-
ence in static head between the normal spring level and the water level
CQ' in the dran bed LH  Ths loss of head or shortly called ** head **
\;',hicéx produces this vertical flow is plotted as LH. at the bed level of
the drain.

Suppose a pressure pipe were inserted 11 the <ofl such that the top
of the strainer portion is at level P, then the water 1n this pressure pipe
will rise to R, or up to the spring level line if the ground level j¢ much
above this line but it will rse anly to Q, if the ground level is at LH,

e, wtda 0T U efore the loss of head caused
. ) PP* _The plot of all such

. b M .b-)'-s " ;]rheie curx}s of losks of
ead for the various pipes closely resembled each other. After making
Earrec‘h'on for dlﬁtrenicpof bed ]e’:els trom the normal bed level of 7880
and for N. 8, L. {ths was very shight) the points of all these curves were
seproduced on one common curve of plate VII, the observations of
various pipes being given distinctive conventions. A smooth curve
was run through these points and the equation of the curve was deter.
mined as explaned below.

dh of the curve were measured at cach 2’ depth and plotted
The stopes 4

against depth “ Y " to a surtable scale  These showed a marked 's‘imi‘,
larity to the original curve. A second curve was plotted with ““ h ™

dh .
or loss of head on the horizontal axs and the slopes d~—'«:k that peint on

the vertical axis. This was a straght line giving the relation

~dh . . . . o)
dy o
Integrating we get for '!he cqu?ljon of the ongmal“c\g;)e

y—=klogh—c¢
where k and ¢ are constant whase value work out as:—
k=155
c=90 N
Thus givingy — 155 logh =9 .. . . (i)
L The Fort o Head G v it the ot

ot effect the main discussion,
-+ contrtbution to the present

lmov.vl dge of flow of water through subsoils as eflecting stability and
& ol
designs of structures.

he properties gnd practical ap!

T! plications of this important curve
are examined in detail below.
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Velocity o'f Subsoil Water Flow.

. According to Darey the veloetty of water flowing in subsoil channels
varies duirectly as the head and inversely as length and may be expressed
by the equation v = ki = 7 where v is the velocity of the flow, ka
st fe e cN T Sl (W) ina given

. : * " lraulic Gradient
it is a curve as
in the present case then v = k :]Th . .. . . JO (1))
y
but from equation (i) h = k’ ;Lh
. ¥
Sy = M: K h where K == constant.

k
Hence the velocity of flow at any point in the subsoil is directly
proportional to the loss of head from the normal S.L. at that
point,

As explained below this relahonship is of the utmost
importance in a study of the foundations 1n wat r-logged sosls znd also
in astudy of the yield from tube well st an r. This will not apply
where the Hydraulic Gradient follows a straight line as the velocity in
that case is constant,

The convixity of the loss of head curve mdicates that the rate of

loss of head’jy‘ increases as the depth below the surface decreases,

dh
Since the velocity of flow is propostional to dy v=k gry) to right
Hence velocity increases as the depth decreases.

This has two very important applicahions.

Critical velocity critical head and dislocation cf foundation
soil particles.

1. The dislocation of subscil particles is a function of the veloaty
of flow of subsail water through them, hence the tendency for dislo-
cation of subsoil increases as the depth kelow the bed decrenses.
It will be nothing at ifinit and maximum close ta bed level. There i%
however, a eritical velocity for cach type of soil particl s. If the sub-
soil water flows with a velocity less than this there will be ne disturbance
or dislocation of particles but if the velocity is above the critical the soi
particles will be dislocated i1n proportion to the increase, This velocity
of flow being highest at the surface naturally the soil dislocation starts
vigoransly followed by decreasing dislocation as we go lower down t
where the critical velocity is reached this dieclocation will stop. The
d=pth at which this occurs may be called the Critical Depth and the
head or the loss of head at this point from the Normal Spring Level (o
the true free water surface), the Critical Head.
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|

The existence of heads, much in excess of the critical, leads to degra-
dation of bed and sides In this connection the formation of springs
just outside the inverted filters of the siphon floors are noteworthy and
also the fact that all these filters have settled at a slope from the pacca
floor ou’ya‘rds. t‘he setll'e{ne?t ’Eemg r‘naxlim:xm_‘a‘t‘the‘: outer'ends.. This

floor will be drawn out causing settlement and final collapse.
i~ P fh T arge through

strainers - inflow per
foot lens, pth below
hanid * M alacd _Dllas AT V.' 1 V'i s

ground decr:-i.
duced from M
strainers, for . .
this discusston 1s not carried any further except in so far as they “serve
as relief pipes

Looked at in another way a better conception of this flow is possible
(see Plate 11, figures 4 and 5)  Imagine a vertical plane V V' the sail on
the left of it being boxed The flow at a point S towards right across the
vertical plane V V' and then to the top will be due to 2 head = H, less
the head required to overcome frictional resistance in alength of sub.
soil =y * Call this Friction Head ¢ () As the velocity of flow at
any point is p'-rop_?rtu:nal to head the ﬂo;l at S will be Erg_port’ional to

avnnnan H—i anenn ao

charge.

In the above we '
which the water has i
Tej or some similar . . P
head will be :—

H—(he —¢ (1) (See figure 5).

Where he is the loss at entrance at the slitsand ¢ (y) is the loss due
to friction through the strainer pipe. This quantity decreases as y’
Increases showing that the velocity and discharge (inflow) of the strajner
decreases as the depth increases  There are other factors besides the
above but this is just to explain the broad issue. ¢ (y) wall of course by
much greater than ¢ (y) so that the loss of head or (working head'
curve will give higher values for a strainer than for a sand column,

Agzin & (y) will be very much less for strainers of the Tej or Cool
type compared to the Leggette or Ashford type as the former are com.
paratively smooth inside )

We are now in a position to discuss as to how the foundations are

undermmed.  (See fig. 6)

o
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Undermining of Foundations.

Imagine a floor wigh bottom F F’ at the same level as the ground level
outside and adjoining it, which is H feet below the normal spring fevel.
The flow from underneath the floor at F into the open area F’ G will
occur with a velocity=K H {equation iv} where K is a constant, The
sand wall or column F* M will act as a strainer and the depression curve,
showing the pressures under the floor, will take the shape ¥, 7. the
depthof this curve below the normal spring level = h,, indicatine the head
which produces the flow at any point P, under the floor. This eurve
of depression 7, ¥’ will be very nearly the same as the curve_of loss of
head and will be a symplotic to the normal spring line. The lengtl
F'P, along F F’ from F’ as zero beng approximately the same for
any depression hg as the depth F' P’ fora loss of head he, This should
be very nearly correct as the loss of head at each point is a function¢ (™)
of deF:h or length of floor, being H— ().

IV, 15 the eritical velocity the soil particles from underneath the
floor will be disturbed to a distance F

Where V =V, and h = h  the critical head so that a crack will
occur near but beyond this point of eritical velocity. This process will
gradually go on till !:y stages of degradation the settlement will reach
the face wall of the siphon or other work and endanger the main struc-
ture, (mark the first crack on Jauryan siphon central wall which has
occurred where hy = 13)

RPN N PG E RN

toe wall to a depth
. ) occur with velocity
Khi, and the depression curve will be y, y,' with a critical head he
occurring at Py, AsKh; is greater than V,, the dislacation of particles
will still continue and a crack will occur near P,

If the sheer »ilas ara driypan +a s men alo doeeoiiton o a0 Aver
the floar willbe - . . . Py
The structure - CEIEECRENIS e e 4 e s
are carried furt =+ - ° - e e e ,ech

that khy == vc, tne 10w 1om underneath the piles wall occur witn a
velocity less than the critical and therefore there will be no dislocation of
soil particles and the structure will be safe  The problems is to deter
mine the critical velocity and critical head for different types of foun-
dation soile. That known, the design of the depth of toe wall or the
piles, is & simple matter. With the help of the loss of head curve, he
can be easily determined for each site by a series of observations with
pressure pipes keepinz (H) the depth of discharge water below normal
spring level, a3 near the maximum as is likely to occur under the worst
conditions. ~ If the piles are carried a little lower than the caleated depth
it will add to the stability of the work by giving a factor of safety.
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That the above is 1n keeping with actual facts is clearly borne out by
the relative pressure diagrams, under the pacca floors of the Dugri and the
Jauryan siphons. The Dugn has a curtain wall of sheet piles 8 below
floor and the Jauryan hasa curtamn wall only 2' 5 below the bed consisting
of wells. Compare photographs No 5 and 6 In the Dugn the pressure
gradient under the floor follows the normal gradient till the end reach
where it curves down to the sheet pile hne, The fact of pipe No 5
always recording pressures below the normal gradient line was thus
clearly explained. In the Jauryan the depression from the normal
gradient hne starts from near the face of the barrel. This 1s due to the
shallow toe wall under which the velocities are higher. The dotted lines
in both pictures give the normal gradients,

D OO SR S I, N A

e M hlawine wn

blowng up " pressures have been reduced but the blowing oul pressures
have been dangerously increased  If H be the drop below the normal
Gradient line to the apparent water level or the cunette water level at
any pont Hy the ** blowing up ™ pressure or static Head and H,, the
“ blowing out ** pressures or kinetic Head at that point then,
H=H, + H, Since H 15 constant for any set of given conditions,
H. will increase or decrease by the amount of decrease or increase res-
s .
pectively, of Hy In syphon flors H; can be cheaply provided for by
giving cxtra reinforcement 1n the floor slab but 1n Weirs, where gravity
sections are necessary, the relative weights of Hg andH,, become very
important and must be carefully considered Increase of Hy means
great expense and increase of Hy endangers the structures by under-
mining btained b
A safe mean can be Y
of floor and correspondingly adding to the depth andlength of the
d filter, depending on the depth of the toe wall which will

h Juci Licl

inverte:
govern both Hy an X
It mast, honeer, b clsly ynderstood that the, nerml gradien

plautae g .
;i iversal apphcation. . .
N Df[:’:r‘x‘?’;hl bepmcntioncd here that Bernoullie’s Law holds in case

of subsoil water flow just as mu|ch asJin the case of frec water flow, only
i jon Is more

the e Sheet Piles.
Welkl}::;’::;s invited at this stage to the faulty nature of the wells ay

curtain wells. They act as efficient anchors—much better than shaes
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Undermining of Foundations.

Imagine a ﬂoo}' mghbotgom F F’ at the same level as the ground level
outside and adjoining it, which is H feet below the normal spring level.
The flow from underneath the floor at F into the open area F’ G will
occur with a velocity=K H (equation iv) where Kis a constant. The
sand wall o column F" M will act as a strainer and the depression curve,
showing the pressures under the floor, will take the shape v, 7, the
depth of this curve below the normal spring level = h,, indicatine the head
which produces the flow at any point P, under the floor. This curve
of depression v, v,' will be very nearly the same as the curve of loss of
head and will be a symplotic ~to the normal spring line. The length
F'P, along FF' from ' as zero being approximately the same for
any depression he as the depth F” P' for a loss of headh. This should
be very nearly correct as the loss‘of head at each point is a function ¢ (¥}
of chth or length of floor, bemg H— (y).

If V, is the cntical veloaity the soil particles from underneath the
floor will be disturbed to a distance

Where V.=V, and h = h _ the critical head so that a erack will
occur near but beyond this point _of eritical veloetty. This process will
gradually go on till by stages of degradation the settlement will reacl
the face wall of the siphon or other work and endanger the main strue-
ture, (mark the first crack on Jauryan siphon central wall which has
accurred where h, == 13%)

Tacet o€ Fod Cooppnic Walle,

N « toe wall to a depth
3 - : . . . occur with veloaty
HOE - . = ha critical head be

occurring at Py, AsKhj 1s greater than V¢, the dislocation of particles
will still continue and a crack will occur near P,

If the sheet ~flae sva dvam s o ol WLl
the floor willbe . S L
The structure © =+ == - . P
are carried furt = * . FEEI S e
that kh = ve, the flow from underneath the piles will oceur with 2
velocity less than the critical and therefore there will be no dislocation of
soil particles and the structure will be safe  The problems is to detet-
mine the entical velocity and entical head for different types of foun-
dation soils. That known, the design of the depth of toc wall or the
piles, is a simple matter. With the help of the loss of head curve, he
can be easily determined for each site by a series of observations with
ipes kccpml: (H) the depth o'[ |dischuge water s:clo:l normal

- worst
1,
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This depression curve of the strainer shows that the strainers are
located in the wrong position, for the end of the floor, which it 15 desired
to protect from the dislocation of soil particles, gets practically no relief
or at this point the curve has again risen close to the normal spring
line the net relief being 03 feet If the sheet piles were non-existent this
Aoor will fail 1nspite of the relief strainers

™ [PPSR TUUPIUUURRIN X b RSO, JUR S S0 EUUOR 3

At the strainer the sheet piles could be theoretically cut down to
nothing, as all the pressure will be relieved by the strainer but this is
risky, as, 1f for any reason the strainer 1s closed or gets choked the full
Mo beoas Sl wwd vandae the structure unsafe. The

ing of the strainers along the

Let the stramners be spread x feet apart
thosealong ' ' ¢ Trlmo- - mtibe-
figure 10.

a pressure ¢ . .

loss of head

If Mis the pont of crtitical head and entrcal velocity, then the
length of sheet piles required willbe LM. Any depth below this will
be a factor of safety.

Takix:g‘lth:sectianthrough
- Pe PR

Bestdes rehieving pressure from underneath the floor and its end and
thus preserving its foundation soil from dislocation a strainer, at _this
position, also relieves pressure under the open bed outside the pacca floor.
This open floor may be an xgvested ﬁlll):r or pnt;hmg. p Since water is

i rainer there can be no tendency for soil parti
flowing towards .the s!'amj SRSV O g ,__cy_.. a- -_p.a ’.d_:-s.

Yy -t 4 by the shaded _,,'u LMN., Abgured). lhus at any section
mdlgc}?:prcs);u’c tending to blow up soil particles will be PQ and not

Apparently the correct policy would be to take the sheet piles up to
the cntical depth and then give, in addition, strainers for relief.

In case of strainers the very ﬁnc.st shits must be‘uscd so0 as to preclude
any possibility of the fine soil particles bemng carried away, thus cavsine
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cavitation under the floor, and defeating the very object which the strain-
ers are meant to serve. Also the strainers should be blanked off in clay
strata, as no matter how fine the silts are, clay will get into them and
cause cavitation under the floors in time  If there is doubt about the
strainer being absolutely proof against silt intrusion, their insertion must
be carefully considered.

Critical Head.

From the foreg?ing inves'tigation it'is clear that the critical head for
any class of foundation soil will determine the design of structure on the
soil. The question is what 1s the Critical Head.

Colonel Clibborn in his Roorkee experiments found that with Khanki
sands the blowing of sand occurs under heads of 13 to 3 feet,
but the expeniments not being conclusive no defintte law could be esta-
L] ATl 1 Dampe Cmcmom— et ~£ I_1_ NJ Q7 -£1007)  {Dlats

which dislocated sand.  Agatn in plate IV, figure 1, the sand blowing
occurred at 16 feet head. The normal H G lhine, in this case, cuts the
vertical through the glass pipe 97 above water exit level showing
that the head to dislocate sand was only 9" From these it appears
that the Critical Head for Khanki sand is 9°.

Mo Devanfond o oo W Cabe e oo L Big gpinion based
ont o ' . . particles of sand,
prov St e - . one-third of the
depth or thickness of sand. “Increased head produced turbidity and
a further increase to half depth or over caused the sand to blow. e
tendency was completely stopped by the addition of 3° to 6
of fine ballast on the surface of sand which was 45" decp.” The
last sentence contains the germs of the idea of adding fnverted
filters of graded ballast at the end of a pacca floot.

Applying the test of Mr. Beresford to the curve of plate VII the head
being 3'8 feet, thrce times head-- 114 feet,  The loss of head at that
depth is 077 fect or 81",

The class of sand at Dugri | being very nearly the same as the
Khanki sand the agreement between 81" and 97 is satisfactory.

" Parker in his control of water (page 299) gives L == 3:6h for sends
of the Khanki type. This from the curve will give a atill lower value of
critical head.
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The critical head for the Punjab sands may therefore be accepted
from 6 inches to one foot.

This Critical Head will obviously be greater for coarse sand, gravels
ete.

Critical Gradient.

Like the critical head, there 15 a critical gradient for each class of
soil. 1§ the hydraulic or pressure gradient of How exceeds this critical
gradient at any point the veloaity will be higher than the critical and the
sotl particles will start moving beyond that peint In the case of the
curve of plate VII this cntical gradient for a depth of 114’ (which has
been assumed to be the cntical depth) 15 very nearly [ in 9. With
Parker's ratio of 3°6, this gradient is {: 13.

Further Scientific Research.

L N B NV AR SUURp RS SUUEOR [ R,

Lahore, and the resuits wil be well wortn the labour spent L he Invest-
gation of critical veloaity may be of use but has no practical application
1n the design of structures,

Surface Water effecting Spring Level.

feemalo e AET T i casirasad (ST FALCT 10900

‘s\;;.n‘r:!cd soils  Experiments were carried out at the Dugri and Jaurjan
siphons to determune the effect of raising and lowering the water level in
the cunette without changing the canal level with remarkable results.
These results are confirmed by the available datas of pressure pipes
observations at the Narora and Sulemanki weirs.
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smaller as the bottom strainer of the pressure pipe goes down or as the
distance increases from the toe wall toward the canal (see table below).

Draxrr Upstreay Ducrs DowssTrEas.
E | B i
S=s evel of 1
she ZEEarm 28 D oo larm) 20 l D&
; [
Comn . WL | %52 552 00 | 9552] 9552(00
Comene | . | B34 & 106 | se3s | wlls
1 . TBT3| 112 w7z 0e2() %3} 9372| 9402]028
2 e | otor 9ss9  oss|| y03' op04| wszlos
3 Losom| 39 0432’ oa|| s’ w0l 9s3jos
4 mp| s s’ o[ mi sor| 94 |ess
Strainer .. TI170| 9330 9398 063 785 9036 9095059
s emoso| B0 s oss|) e s2ss| ws3ejos
6 L0782 9150 9169 019y 8221 9257| 9312[035
7 el we 2w , 00 '
8 1 | en sw o -
9 Yo | oo osm o[ Bpireunderfoon
u daer | osz asesr sy ATmeetmopenduinted
R R T T | ‘ |
i —
Man . 9323 938 059 Mean| 9265 f 5314 049

® For pipes 6 & 7, upstream, the filter levels are different on the two dates which
nccounts for the low differences
A possible explanation for this ph is, that a risc in the
t the general direction
- -r. From Ber-
) + "ae 0"+ yward pressure
© o e s tat yae <1due to the
reduced velocities. The practical application of the experiment
results and phenomena outhined in this paper, has been dealt withina
separate paper,

cunette water level exerts 2 back pressure agai
P N EOAN SR TR 2 I v
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Photo No 1.
Dagr: 1 sphon Dowmtren}nl ;howmg fimshed structure.
29,

Photo No 2.
Dugri 1 siphon Downstream, Bdore remodelling Jlnwy 1928,
Showing cracks in faco wall and round barrel rings,
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2

sr_naller as the bottom strainer of the pressure pipe goes down or as the
distance increases from the toe wall toward the canal (see table below).

Ducrt Upstreay Ducrt DownsTreEAM.
I
SNo, |3 °E|279 ‘ 2829 ‘ Diff | mpe |21-7-29| 28.29 | D
2 T
Canan JW.L 9552 | 95521 00 .- 9552 | 9552 |00
Cunette  ..| . 8954 | 9060 106 . 8835 8991155
1 | 77875 9412 i 9472 i 062 963 | 93.72] 9402[028
2 .| 77824 9401 9459 058 703 | 9294| 9352)038
3 .. 78020 9391 9432 o4 B73 8| 9310 935304

4 L] 771920 9379 9444 065 7811 93011 9347 (046 B
Strainer .| 77170 | 9330| 9398 ‘ 068 785 9036 | 9095059
5 78080 9310' 9355 045 736 | 9286 9338052
| *780782( 91501 91691 C19 822| 9257 | 93.42{055

6
7 e 20! 2w s

8 L3 | on oy, om

9 Jrs | oo mm  osf(" Brrieudecfin
W w | ma owwl e A="r""°‘”" dnin bed

12 78 | 9307 9386 07 )

| l
{
|

S

Mean 9323 9382 059 Meln‘ 9265’ 9314 048

* For pipes 6 & 7, upstream, the Slterlevels are different on the two dates which
accounts for the low differences

A possible explanation for this ph is. that a rise in the
cunette water level exerts a back pressure against the general direction
of flow, thus reducing the velocity of flow under the floor. From Ber-
noullies law, assuming that it holds, the static head or the upward pressurc
increases by the amount that the kinetic head is reduced due to 'I‘j
reduced velocities, The practical lication of the experiment
results and phenomena outlined in this paper, has been dealt with in
teprate piper,

\



5 Photo No 3.

Dugn: 1 mphon Downstreata  Before remedell'ng January 1€50
¢ Showng cracks in floor SS st ehect pile hne and CC Downelream, Note
unmerous pipes let 1u for grouting durimg previoue years

the

hoto No 4.
Dugn 1 siphon Upstreas completed in January 1920 showing arrsngement of
pressure pipes {or expeniments.






Photo No 5

Dugrs 1 Upstream (Septemker 1929) showng norwal H G. Line (8 deep toe wall
of eheet piles at the end) alio effect of a relie strainet {Te) type).

Photo No. 6.
Jaurian a.xfhnn Upstream (Soptember 1929) showing norma! Hydrauho Gradient

90 and actus

erack where it cuta base.

3" G e, Noto the steepeniog gradsent towards toe wall which is
allow, “joote also crack CC which has ocenrred with H, = 13° at projection of

/






Photo No 5
Dogni 1 Upstream {September 1929) showing normal H G Line (8’ deep toe wall
of sheet piles at the end) also effect of a rekef stramer (Tey type)

Photo No. 6.
Janrian siphon Upstream (September 1829) showing normal Hydr. i
o end .;}u!.}’ IL. G, i Noto the steepeniog Erachént tamards fos wetl s

ow. Note also crac] which has occurred with H, = 13° jectic
erack where 1 outs pace, || 137 8t pojection of
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DISCUSSION.

Mr. Khosla i introduzing his paper drew attention to the essen-
tial festures of his theory of subsoil Aow. He laid special emphasis
on the fazt that the eqaation for the ** Loss of Head Curve ™ proposed
by him was of universal application 1n a relatively wide channel and had
reseived confirmation from D Base's mathematical treatment of the
subject in his paper No 140.

Mr. W.P. Thompson ma wntten communication sad that the
A PRSI DY Pt PRGN TDRIUNRER DUTRGE DA R

All the elementary books on hydraulics described the ** hydraulic
gradient” to which also was given the name " virtual slope ™ by means
of an illustration here reproduced

e hydrauli t as the ill shows was dby the
difference in the water levels in the columns connected to the flowing water.

U¥ORAULIC_GARDILNT

IThe height of the water level in the column was an inducation of the
combined static and kinetic energy of the water at each point.

It evidently did not matter how near to the column the water enters
or leaves the pipe.

The column applied to the flow of water 1n a closed medium, as a
pipe, gave an accurate enough indication of the state of affairs.

Applied to soil flow which was quite a different thing from a closed
medium, the indications might have their value but were only an approxi-
mation and in fact the statement on page 4] that the water in the pipes
rose and fell wit!x :h'e depth uj Kmsertion of the pnpcmd:sagc}'i that'in
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If the hydraulic pressure on the two pomts Pand P’ on two sides
of the sheet piles were considered the following results were obtained

(1) for Pwhere £ =3

dp=Vy+ Ve Py
and (2) for P’ where (= ng

é¢p =Vy—Vec e ¢
so that the difference of pressure between P and P’ would be given by
Bp=gp—¢p'=2Ve ot
Now £ determined the distance of the point P from the sheet-pile
along the Y.axis. Taking two pomts PP’ quite close to the sheet-pile
and taking £ as being very small then
S§P=2Vc=2ck.

where k. was the transmission contant and i the slope of H, G; so that,
increasing c, the length of the sheet-piles the drop can be increased.
Of course this could not go on mdefinitely. If c become very long, the
effect could be to screen off the flow from the left altogether,
Me. Khosla had mentioned another fact that there was a piling up
of pressure in the upstream «''  TLT- - -e - i eo—ese-s ol
curvature of the ¢ Lines on the
pressure line PQ in the diagram
O s # 1" meweM oo slosata oressure at | was Feal y equ valent
1m vertically ove- Q which would
. - ' if OA were absent. The stream
l;ines ;uu @ Ines woua e as 1 Lue avsence of the sheet piles shewn in
ig. 2.

A, Z.

T T v
: H " . P
T 0 0
| T H . '
v v R N
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Reseurch Laboratory, it had been shown that the movement of water
in a paroas medun like the soil can for all intents and purposes be
rephiced by the motion of a very viscous fluid, whose movement on the
free surface fo'lows Dicey's Law of subsoil water movement. [t was
further shewn in the Memow that stream-lines and lines of equa!
hydraulic-head esn be represented by two functions ¢ and ¢ which
satisfy Laplice’s Equation viz:
Vi=0,v%=0 .
As their names suggested &, the stream-lines, i.e., lines of flow in
the medium and ¢ the lines on which the hydraulic head was the ssme,
cut exch other at right angles.
r. Khosla's experiments on the effect on the hydraulic gradient
v d by a line of sheet-piles would be used to verify the soundness
of the above theory Mr. Khosla had not supplied any data of his
pressure pipe observatons for the above case of curtain walls, but
the speaker had calculated the probable effect of such a line of sheet-piles
of depth ¢t a medm shown in the diagram Fig. I.

Jig L

. zram Fie 1 the full Ii H which
v i8 constant and the dotted fin:; \:l;:'”‘;’: rlc;:nl:;eol’l:;durzl 2;‘,3’,,?,’11;5.11:3&

in the di

onw 'ft'ffl;‘,'.:?::E:}‘:Ey'hc hydraulic pressure on them is comtant
Y= Ve o€ ooyt v,
whore Vinahe S Ve TEuin gt vy,
! rt}, it the velocity in the stream, at a considerable distance lf“';
1% theet piles, and ¢ the depth of the sheet piles OA. These valuct©
e pnahed the equitions of Laplace, and slso the condiion?
Ry the éhove boundsey, T8 quantities £ and ¢ are boex®
i, ‘\""" nates and are connected 1o X and Y by the folkomir®
K ccoth{ cos &
= canhising
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3. Mr. Montagu felt entitled to make a few small corrections in
some of the statem:nts recorded by Mr Khosla. The winz walls at

gri Syphon were not founded on wooden piles, but on a reinforced
concret: raft.

The wooden piles were driven to consolidate the slush and to permit
of the concrete bemg lud. The high spang level was perfectly well
swn and hence the dezisian to re-build and extend the wing walls.

4. The speaker suggested that the use of relief strainers in works
perzetually exposed to hydr ulic pressure {p. 139 and elsewhere) was
fund 1l d. It appeared to him to be sound engineering
and u't mately cconomical, to accept pressures as they existed and design
azainst them. At empts to relisve pressure by means of strainers invaria.
bly hid one of tws result..

() The str iner functioned and brought away fine silt and sand,
and e1d:d by piping the structures.

(ii) The strainer choked up and pressures higher than the design
were obtained, to thz danger of th: work.

Morcover th: effxct of relief pipes whether fitted with strainers or
not was only lucal. He was pleased to see this so well brought out,

5. The author had brought out the fact that the pressure beneath
the floor of a masotry work depended on the height of the Local Spring
Water Leve! (L. S. W. L).

That the emergent velocity depended on this pressure available ;

That the soil particles are transported gnct dislocated) by the moving
water, and that there is a lower limit of velocity beyond which soil
particles are no longer moved.

Surely this was a sufficiently large proposition to prove, and would
have be=n sufficient for one paper. Unfortunately Mr. Khosla prasented
his p ition, his lusions and his evid in a way which was
extrem:ly difficult to follow.

6. For instance Plate V offers many puzzles

(i) Pipes 13 and 14 were driven, apparently to any unspecified depth
and Jeft.

(i) Nos. 2, 3, 4, 5 were each given two positions only but three
results are given as a pressure curve.

(iif) Nos. 6, 11, were the ** pressure ™ lines corrected for depth of
point. Otherwise how would they give any indication of the pressures
under the floor?

(iv) See l:vel 781'5 dated 8th July 1929,

() See level 781°5 dated 4th july 1929.
of two pipe points.

The corrupgnding water levels were 791°43 and 791763 Tespectively,
the difference being due to a difference in bed Jevel of the drain.
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Another iateresting deduction would be made from the above dia-
geams.  The effect of putting in sheet piles was to disturb the & lines in
their ne'ghbourhood and to bend the Lines of higher pressure on the up-
strexm s de and lines of lower pressure on the downstream side towards
the sheet piles. This produced the local piling up of pressure on the
upstrerm side, and  the draw-down in the pressure curve on the down-
strexm side.  This disturbance, it was apparent, is only local and the ¢
lines as they recede from the sheet piling resume their normal uniform
sprcing. The following disgram showed the pressurc-lines in two
cases: with and without sheet{pilingY The firm line was the normal

BT TR

iz % A

.7.,9-5

pressure liné while the dotted lines were the pressure fines in the presence
r;!nl)wr! pifingat A, B sothat the drop in the pressure due to the sheet
pi'ing was only Jacal

Mr. Montagu began by ex~ressing the view that the paper dealt

with a problem, ever present te sla fotvaen polt il t g e
Ters than lundtmnl:r 1f the [ ‘- [
to ofier they wold be directed - =
to the basic theo-y of the paper —a '

2. Mr. Montizu then went on to sktch the growth of weir design

a1 it wes presented to him as a junior officer just joining the Department,
He indicated  th- necensity for the upstresm floor, the downstream floor
and the Lalince Letween these two,

Setnequent expetience, alio lirpely at Marals, had  convinced him
of the rrcraty of wel's on the downstresm edre of the weif glicis and
ke eoniegoeet increne of prestures resulting,

Wheeeas Mr. Montazy had [t g Josic of the facts sketched. he
t.ad been iabls to prodice & theory or a quartitative demomtntion on
wbich ta fmnd one This Mr. Kleals Tad dore, H-, the spester,
Woeglt be maret eventatire the cooe of br Feld alat pricer to Mr.
Fheals's paper, ersiceers bod Leen wetkirg in the dark, Now they
fad the Lt of colerert, ibstardisted therey to guide them,



Hydraulic Gradients 1n Subsorl Water, etc. 152¢

that fineness of the subsoil 1s of more importance than any other quality
a{]ld therefore that the minimum

silt

soil -moving velocity Vg was determined for each site in terms of

san
the smallest ** fineness ** present,
. This was ansther argument for frankly accepting the minimum velo-
dty Vg (i, the manmum permussible) at Mr. Lacey's figure,

1. Mr. Khosla’s contention that Bernouilli's theorem holds for
subsoil flow was extremely interesting (p. 147).

If Mr. Khosla accepted Bernowlly, then he was guilty of an incon-
sistency 1n making use of Darcy’s approximation.

12. The speaker could not pass over ‘Mr. Khosla's calculation
for V¢ on p. 150 without one more remark on this paint.

IfHy were 0°75 feet

Then Vg would be 7 £, p. s. which was obviously far too high.

If Mr. Lacey’s value for Vg were accepted viz, 0882 fp.s.
then Hy == ‘0l feet, a very different figure,

13' Mr' Khosl‘ 1.1 RS DN USSR 7% I DRDNII S BN A L
critical velocity, cri )
hydcaulic gradient
thit a more definite term than  cnitical  be apphied to the minimum
velocity with which he was dealing. He (the speaker) used ** Minimum
sand

xglll moving velocity “* and designated it Vg
silt

Mr. Haigh said he would like to express his appreciation of the
service to engineering that Mr  Khosla had done in preparing this paper.

he subject was one of great importance to canal engineers and one t
was largely shrouded in mystery to the average man.

2. Mr. Khosla's experimental work which to his knowledge repre-
sented a great deal of his personal hme was'of great value to the study of
the subject, and  while he could not entirely accept the theory Mr,
Khosla had based on his results, it represented at any rate an advance on
the generally accepted treatment of the subject.

3. Mr. Khosla's paper chiefly centred round the formula:

y=klogh—c

where y was the depth .

h, which was termed the loss of head was the pressure in excess
of static at the depth y, k and ¢ being constants to which he had assigned
values.

4. This formula Mr. Khosla had developed from experiments at
one or two particular sites and he (Mr. Haigh) was not clear to what
extent he considered this formula applicable to other sites. -
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Surely this was the way they were suppos=d to be read.

7. The speaker felt that Mr, Khosla had failed to present his *loss
of head™ curve in a clear manner, and suzgested the following simple
trestment.,

Plot the actusl pressure (i e., hesd acting) against the d~pth of the
point the former horizontally to a logarithmic scale and the latter toa
mataral scale.  This gave the desired law at once. but he (speaker) ven.
tured to emphasize that the one set of observations presented by the
author would only give a particulsr equation and not a generat one. Far
more investigations in the field were required to establish a general law,

Referring to p. 143 he a1id there s=em'd to be no reason for the
expression of the law derived in terms of logs to base 10. The natural
base “e” would indieste uimilsnties far more easily and the problem
should certainly be examined on this basis.

8. On p. 144 the author proceeded to apply Darcy's law to sub-
soil flow. _Dr. Base in his paper had proved that it applied only to the
surface, To apply it to the body of the water was only the roughest
approximition and depend-d for s accuracy on a very low ve'ooity.
But the Autho po tulated velocities of a high ordet to move sand particles.

1F it way postulatad that

Ve=Kh
and that the Total Energy Line was straight,
then V was constant
1 was constant
h was fixed in value all along the path.

In the limit this was absurd.

It followed that either a T E lins could not be straight, or that
the Darey approumition wat not trae of that Me. Kholr's clusification
of the curve cann~zting depth and pressure was wrang.

Whichever it may be (and it miy well bs all thre:} cleardy Mr.
Khotlh's deduction that v ¢ ’

Veach
wiv furfimental'y uatrus and st the beit was oaly & roazh approxima-
tion. Further d=lustions on ths buis therefore were uajustified.

9. Mr. Khoslis observatians 01 the point of the minimum velocity
required to move soil particks (p 144) might be linked up with the
lniting et movinz_velocity in Mr, Lacey's Rational Silt Formulae
(Paprt Na 4735 Init. Civil Engineer) and Thrupp's experiments on ssnd
ripplcas aho the aniline dye cxperiment on viscous flow i1 the hydraulic
Liboestory for Tat year stulents, Mr, Lacey shewed that it was 0882
f.p.o .

10, Ths d-morutratian on p. 145 a3 to the location of the Ant
crack to indieate failare of fl>ar war obscurely presented but of itelf
atre-ly neit, aad dewrving of eareful exeminatn, [t appeared clear
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The same formula would also give us the discharge of a drain. In
this case
rkm
e= 7
when m was the length of the drain ¢ = "004 per foot when k = ‘003
anaverage value  In this case Ry may be taken as half the surface width,
7. As a matter of fact in the case of a_syphon outfall he would
expect conditions to be more analogous to_flow towards a point. Con-
sidering conditions of flow in both the vertical and horizontal planes they
o 11 A w s mnmermanen = btk nasee 4 flow would be some-
apoint, Inthat case

——
I —
~pdh

v=kar
__kadh
B kdh

Nowa = cr? .'.q=cr‘—r'
_qdr
b ckr?

U

h= ckr+c
_afl l)
h‘ck(Rz_Rx

C= 4+ for flow inall ditections or might be taken as = for the quarter
spherical flow of a syphon outfall,

Fork=0¥3,ck=0 00928 =" 01 s2y.
. Ol h=q (< 21 )
A R, Re. .
“The second term of the bracket being small might be taken as Zero

or all practical purposes hence ‘01 h = -R% )

8 Mc. Khosla's results plotted to the lt:gar;lhmxc form, how-
ever, indicated that the itions at site app more to concen-
trat'on in one plane. Probably !'he bed pugldle o- the presence cf‘day in
the upper strata interfered considerably with .ﬂow from the canal.

9. Converging flow was always accompanied by 2 convex pressure
gradient which was very steep st the downstream end indicating the
Recessity for careful consideration of conditions there.
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5. The formula, however, merely represented the condition of con-
verging subsoil flow. .
1§, in any stream tubs of subsil flow

5

a, p and v represented the sectional area, the pressue in excess of
static nd the velocity at a distance from any origin fiom Darcey's law.

and the discharge which i, of course, constant along the stream tube
_kjadh
== va = ‘T

Now if the area vary umformly as s,

a==kys
. sdh
S q=k’is_
ordh=k, 3
when e, integrating h = ky log s + ke
s
=Lk;log il

6. This was, of course, the same fo mula as Mr. Khosla’s ~though
his y was nat necessarily measured along the line of flow—and j the con-
ditions at the site where the experiments were arried out wer examined
it would be found that there concen ratio1 of stre:m lines obtained.
Considering it in plan they had flow into the bed of thz drain from both
sides and also from the end under the sypho . floor.

A particular case of this formula was that for the disch rge of a
tube well

R
h= phe I
c qlog R

where Ry was the radius of influence of the well and Ry the radius of
the effective strainer. In this case
_27km
n

=
where k was the transmission constant.
m was the length of strainer,

n was 2 3026 the factor for the conversion of ommon to hyper-
bolie logaritl ms.



Hydraulic Gradients mn Subsoil Water, elc. 152k

The forces acting on it were—

. d . . . .
gravity = (m—1)ad r d{’ where m is the specific gravity of the soil.
ietion = — {m — 1) 1d ¢ cos ©- tan ¢ wh:re ¢ was the angle of repose

and 8- was the angle of inchination of
the stream tube to the horizontal,

nd pressure = +-adp
For equilibrium
(m—1)dp+dp=(m—Ntan cose dr
mdp=(m— I)tand cos & dr

h= m%'n, Rzlc!!l%lannﬁcos*&
For a drain of bed width 2’ taking
R,=100
m=
tan ¢ cos o =3
Thenh=107
For bed width 20
R, = 1,000.
h=70.

Results which were not inconsistent with actual experience.

15. If the rate of change of pressure were not uniform they had
either converging or diverging flow In  the case of the former the rate
of chinge of pressure increased as they passed along the stream line and
consequently motion would take place from the point where it exceeded
the containing force and, as Mr. Khosta pf:xngcd out, the. motion would
1 - A Lo a shanma Af nracenre distribution tending to progres-

L ow was divergent they
. contained by the
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16. An example of this might be found in the conditions existing
near the spaces between wells which had not been properly sezled.

l/ /
—_———— ~; /
|
sl /i 4
S IR G S
fgey A B C .
_____ _________,Af’

fig (i) e 6 .
— £ T
A 8. C. 0.
il B Tl e S A R S LN o8 »]
e to the

Ate

however, they had the Weight of the soit capanle of exerung a consiucrablee
)
i

\
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korizontal pressure to resist movement. The weight of _the soil there
would be (m— 1) h — cand the honzontal pressure it could exert

would be | 4 sind
sin
[ (m="Dh c] 1 — sing
where ¢ was the angle of repose.

If h were small, i.e., if the sealing course were shallow or if erosion
had taken place downstream they mught get dangerous conditions. Danger
might also occur if the filling at D were so course that the fine material
under the wells could pass through it without restraint,

17. Any change of direction in a stream tube was accompanied by
2 ton of flow and d rate of change of press-
RN B ) L R SR I I

18. The case of raprdly converging flow such as occurred downstream
of a syphon when spring level was ligh required very careful considera-
tion. As has been shown there was for every depression head into a
drain a minimum bed width necessary for stabihity. Simularly at a syphon
outfall there was a mimimum radius necessary to secure the earthern sides
of the drain agamst sloughing, and on account of the more rapid conver-
gence at a syphon outfall (horizontal as well as vertical) this redmus was
greater than in the case of an open drain. The use of piling in such
cases lay in the fact that 1t increased the length of the hydraulic gradient,
provided a region of umform change of pressure at the end thereof, and

so earth pressure to contain the local high rate of change round the
Eottom of the piles. Such piling was best arranged in a semicrele, 1.e,
normal to the line of flow. The pressure gradients obtaining without
and with piling would be similar to the full and dotted curves below.
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The sudden Sl§epening ata in the curves was due to the change of direc-
tion from horizontal to vertical flow.

19. With reference to Mr, Khosla’s para. 2 or p. 145, the rate of
inflow per foot length of stramer would only increase with the depth when
the Sub-soil water surface was free in the vicinity of the well and
vertical flow trok place. This occurred, of course, in the case of seepage
drain relief pip:s, but not in the ordinary tube well.

20. While on the subject of this para, he would like to ask M.
Khosla if he had any data on which to base his statement that the loss of
head in a Leggett or  Ashford Strainer is much greater than in a Tej or
Cookstrainer? Such figures might also show whether the loss of head in
either case was sufficiently large to have any appreciable effect on the flow.

Bhai Bakhshi Singh Sidhu said that Mr, Khosla deserved to
be congratulated for boldly declaring that “our existing conception
of the law of flow of water through subsoil as affecting the
stability of structures resting on saturated soil is far from being
correct or complete.”” The statement had, however, not been
printed in bold type like so many other statements to which the author
wished to draw attention more prominently. He (Mr. Khosls) had
proved from observational data that “accepted theory, established practice
and the principles of both are not quite convincing,”  Mr. Bhgh's
theory of Hydraulic gradient had been accepted for quite a long time as
furnishing an explanation of certain failures and affording a basis for
calculations for new designs and repairs to damaged or threatened struc~
tures.

Mr. Khosla, had pointed out that due to a rise in the spring level
originally 'safe structures might become 'u.nsafe. This factor he did not

outfal! or b h .' might l}e iderably lowered by sub-soil
flow into the drains Jeaving the stauclpressurc under the various parts
of the structures unaffected appreciably.

In order to take into account the effect of spring level it would have
been very instructive if variations in water surface level in the pressure
pipes caused by rise and fall of the springlevel round the structures had
been analysed and commented on.

\
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The speaker was fortunately not a behever in the hydraulic theory
to which Mr. Khosla seemed to cling while exploding its exposition by
Me. Bligh. In support of his view he mentioned the following :—

(a) Early that month a portion of the upstream impervious floor of
the Balloki Barrage was lad bare and fine cracks in the mortar joints
Looa. - [ QI PSRN B ¢ -1 £ PRp— | Thefe

. g r was

f i

above the Hoor level Normally tor months and months together the

difference 1n water surface level above and below the barrage was over

15feet The downstream floor was free from any cracks at all, although
there was quite a large number af pressure rehieving pipes fixed there.

{b) Another kind ot damage discovered was subsidence of a port onof

the upstream pacca floor at itsupstream end next to the loose stone apron

which apron was almost undisturbed

It would serve no useful purpose to theorise as to the cause of this on
incomplete data but the fact remans that Mr. Khosla's new theory like
Mr Bligh's time honoured theory did not afford any convincing explana-
tion for the above described classes of damage. The diagram which is
reproduced below may help to pomt out one of the directions in which

w S,

a0 o

Scour ovEnR

f it

B
©  SATE SLOPE FOR SATURATED SANG

to look for the cause  (Notice the side slope of saturated fine sand under
water and calculate horizontal pressure at A. and B.)
Heavy expenditure had been incurred on several masonry works
-t LN L | SRR Y SO « 1 L% BN DR A N a ae 1g any apprec;ab]e
zise a good deal of
apparently based
on observations at two works in a particular locality and dealt with only
a particular aspect of the problem.
Mr. Nand Gopal said that the subject of the paper was interestin
and important to any engineer who has anything to do with water! _ *
He was afraid that the heading of the paper was the only thing that,

vy
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had understoad thoroughly and his remacks were based on that under-
standing. He siid that Mr. Khosla cilled his paper * HYDRAULIC
GRADIENTS IN SUBSOIL WATER FLOW IN RELATION TO
STASILITY OF STRUCTURES RESTING ON SATURATED
SOILS." He did not think this was quite correct. Mr. Khosla's

expetiments were all ca|r|ri=:l out near a large Canal where there was dicect
S R AN T AR T A Y R R N

kS

risen to about 3 or 4 feet of the surface. He asked Mr, Khosla if the
latter had anything to say about this.

Mr. Colyer asked whether the author thought that the puddling
mentioned on page 137 would have been effective, had it been executed.

Similar puddling work a&t Khambi Culvert on the Upper Jhelum
Canal had proved effective at the time {1928), and perhaps Mr. Dhody
would say if this result had been sustained.

| & PRUIPIIR-JNUL JUNN NS RS Ry . < [.!_ 1o "I T e 1 -
page )
divic «
soil .
After commenting on this valuable addition to Hydraulic Engineering
knowledge, he ,compared the author’s theory with that of Bligh; he
said that Bligh's seemed to bebased entirely on the prevention of the
transportation of sand particles along the line of enforced creep ; viz, along
the Tine of contract between the structure and the soil, whereas the
author appeared to have considered primarily—perhaps exclusively—the
whale percolation area of the soil beneath the structurc and to have
omitted any consideration of the line of contact between the soil and
the structure, which Bligh evidently held to be the line of least resistance
and the source of failures. The speaker suggested that a complete
thzory should both these iderath and illustrated this
need by the case of the wing-walls of a distributary  head * built in a
Main Canal of which the banks were of sand. Ifthe creep-line, or
rather the area of contact between the masonary wings and the canal
bank was made only of the same section as would just prevent seepage
through the bankitself, it was most likely that the * head * would fail by
*piping’ along the plane of contact of the wing-wall and the bank.

Bligh, on the other hand, appears not to consider the effect of what
the author has called the * free-water-surface,” and which he shows to be
of the greatest importance.

The spzaker had discussed with Mr. Wilsdon the probable effect
on the Sutlej Valley and other weirs, of an almost ine\'itn&c rise in the
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subsoi] water-level, and had come to the conclusion that many works
which so far had given no trouble would be subject to very
different conditions of pressure when equilibrium of the subsoil water
level in their vicinity had been reached.

He would be obliged if the author would briefly describe the use
of the water-jet, and the method of plugging the spaces between wells
mentioned on page 148,

With reference to page 140 of the paper Mr, A.A. Musto said that
!‘ﬁgh Velocity at exit could only exist if piping had already started, or
if the creep co-efficient taken for design were too low.

With reference to page 147-148 he said that wells had little or no
2dvantage over piling, as foundations or anchorages for a masonry or
concrete block é’oor, since once piping started and the subsoil was
removed form one edge, they would settle and fall as casily as piling,
if not mors so, as their great weight would tend to over-turn them ;
whereas the pihng would hang on to the masonry above it and in
which it was embeded. As watertight curtains, wells were most difficult
to make effective, and were unlifely ever to be as good as well-driven
piling, while the wells were infinitely more expensive.

The first essential for protection of the floor was a long and thick
apron of pitching stone which would fall, at a long distance from the
work and thus prevent retrogression of levels near the solid structure,
This was needed both upstream and downstream. but, of course, more
20 an the downstream side.

In replying to erticisms, Mr. Khosla first dealt with Mr. Nand
opal’s remarks that in d soil the p indicated in a stand
pipe did not show any variation, no matter how deep a pipe was driven in
the ground. This would naturally be so unless the deep soil was ex-
cavated some depth below the normal spring level, which would create a
difference of pressure and then give varying pressures for varying depths
to which the pipes might be sunk,

Dealing with Mr. Colyer's remarks, he said that puddling would
only stop local leakage, but would not at all affect the subsoil Jevel all
round. -

Regarding, ‘ creep” he said the questi.on was _Teceiving attention,
and practical tests were to be carried out in the_laboratory, also the
th ical was being undertaken by Dr. Bose.

Replying to Mr. Thompson, Mr. Khosla agreed that other éngineers
in the past had treated the Bligh theory with suspicion. He did not mean
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tobe unfair to the servide, All her ~'-=- T+ 111 3o
fair proportion of the profession dic

theory without regard to its limitatic

law of rather its extension to subsoil

on in reply to Mr. Montagu's, criticism.

In reply to Dr. Bose, the author expressed his indebtedness for the
mathematical proof produced by Dr. Bose for the physical phenomenon
of local drop in pressure at the sheet-piles, the piling up and
the drawdown downstream, which * " -
walls. The pressures above and bel
were a clear demonstration of this,
the Narora weir (Plate I1 of paper

Dr. Bose had evolved an equation
Sp=2ve (B)

dh . dh
=2k 3~ =Lk
. dyx 2 ¢ since v kdy
If gy Mere constant, which would be the case, as nearly as possible,
with a deep toe wall at the end, then p or drop of pressure at the piles
S e TREN 2. T o cfsl o e 00 T Bligh with the
‘i” and that the

- ' the intermediate
piles was local was worth ion, given

W krom thss,
the drop at the sheet piles and the length of piles, the velocity of subsoil
flow can be found, as

cally x:
This

The author reserved for the second paper his discussion of the effect
of end piles with the help of ¥ lines.

Dr. Bose in his paper No 140 on the Exponential Law of Subsoil
Flow, had given the general equation.

J S
LA (P—gopz)er..... ©
For the free water surface, p = constant
Jhence w =K D).

ich corresponded to the horizontal flow under a flat floor and agreed
with vyt the author had stated on page 147 of his paper,



Hydrauhe Gralients in Subsoil Water, efc. 1628

Next taking the case of vertical flow along axis of Z, p would be
changing and the flow would correspond to the experimental one of Dugri
The equation would then reduce to

8 =1 8p_
w= 5 0 gpz)~ﬂ7}; P c
4
= T‘; —Crirriiiieeiieen . (E)

This equation furnished the justification for the assumption V =
Kj—t viz, equation (jir) of page 144. Darcy's law applied, with all its

limitations to horizontal flow only. Bose's law was therefore a more
i hority, for such ion in the vertical direction both

upward and downward, as also for general application in the horizontal

direction as further explained in reply to Mr. Montagu's criticism.

Replying to Mr. M s critici the author _thanked him for
is appred Jony i Bt P e
a believer
the main ¢
of Dugrt v | =
these, knew better.

The Author fully agreed with Mr. Montagu regarding the risk in-
volved in the use of relief strainers and had already given reasons for that
in the text.

Regarding Plate V, the pipes 13 and 14 were driven to 4 feet below
spring level in the bank and were not moved. It was, however, found
that the occurrence of the face wall and the masonry floor underneath
the barrels prevented any direct connection between pipes 13, 14 and
[,2,3, ete. Strictly spealang a correction had to be applied to the
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readings in pipes 13 and 14 to allow for the fact that they were located
in the middle of a masonry floor and aboveit whereas the pipes 1, 2,3,
ete., were located in the subsoil below tl_le floor. On account of this
uncertain factor, this part of the investigation was not pursued any
further.

The two positions of the pressure pipes 1, 2,3, etc,, mndicated the
bottom and top of the filter lengths which varied between 2 and 2 5 feet.
These pipes were fixtures. The three pressure carves related to differ-
rent water levels upstream and to different dates in order to connect these
results with the observations on pipes 6 to 12, 1n the open bed.

Regarding Nos. 6 to 11, the lines below the bed indicated the bottom
levels of pipes and the lines above the bed mdicated the pressures recorded
for those depths. Eachindividual pipe had been separately treated for
loss of head curve. The pressure lines of plate 5 were just to indicate
the general features. Thus on 4th July 1929, pipe No. 8 had its filter
point at R. L. 781"5 and the pressure recorded was 701 63 ; on 8th July
1927 the point was at R, L 777'5 and the pressure rose to 79243 ; on

15th July, 1929 the point level was 770 5 and the pressure rose to 792 88
and on [2th July, 1929 the filter point level was 765 5 and the pressure
recorded was 793

The aathor agreed with Mr. Montagu's suggestion of trying log~

:ﬁ:‘.'hmic plohj"g- T'{lls£would have saxg‘d the author a lot of time if he

N 2 Mieee e mveepais c aupsy dv Bib DRGNS CHULSIE B U
Napenan base * € * was certanly better and more logical but the base 10
was taken as the engineer was generally more familiar with the latter.
The logarithmic equation could as well bs expressed as
h=Ke¥Y where h=lossof head
y = depth of flter point and
K = constant.

Darcy’s law had the limitations gwven below. His experimental
work was restricted to flow throagh horizontal pipes of uniform section of
between two horizantal planes. The flow was horizontal, The pressute
indicated, related to the points at the top of the soil in contact with the
underside of the upper plane,

His law was naturally lincar with a uniform rate of change of pres-
sure. No mathematical solution existed, to the author’s knowledge, to
justify its application to a varying rate of change of pressure  The rels-

tionship V=k it therefore an extra-polation of the Darcy’s form

V =k ¥\The author was here open to correction, but if his surmise
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as above was correct, then the credit for this advance of a fundamental
character would naturally go to Dr. Bose who 1n his paper No 140 on
the ** Exponentjal Law of Subsoil Flow ” had evolved a umversal equation
for a varying rate of change of pressure, which held both on the free surface
and for any pomt in the body mass and for all directions. This law was
expentmentally and mathematically correct. The further application of
ths law had already been d M. d evidently not
followed the arguments of page 147 which dealt wath the two component
parts qf lh.e total energy The togi! energy line was r‘e'presen‘ted. every-

laow V= k% would STRICTLY hold. Bt diectly the flow was
altered by pumping out from a stramer or in-filteration gallery or by
digging a dean amywe ' Lo 0= b me T tadeodelX
flow would change. ~ .

stramer, gallery or dre . "

non-uniform and would obey, LOU L€ LalLy Huew maw Lul i Lole
general Bose Law Whereas the total energy lhne stll followed
the linear law, the free surface as indicated by pressure pipes’ water levels
followed a curve such that the intercept between the total energy line
'an§ thi§ curve representned t}.m klmeu: or veLoctty head and the inle{ccgt

would certainly give it the ap of being inconsistent, the Bosc's
Law explained and established it beyond doubt.

hThe calculations of Mr. Montagu in para. IZ were not clear to the
author.

~ . YV N (U 25 N R T S DR T

. Inreply to Mr. Haigh, the author expressed fus sincere thanks to
him_for appreciating the. author's service to the profession in pre-
senting his paper, Mr, Haigh's criticism was in itself an advance and a
R et SO N £ B aeled i, on —n
- ) I
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Dr. Bose in his paper had stated that in subsoil flow, the ¢ curves
were identical with the curves of equi-hydraulic head, In his criticism
of this paper he had said that the ¢ and ¢ functions satisfied Laplace’s
equations, viz :—

Vie=0
Vid=0
There were two solutions to the equation V2¢ =0, viz.,
¢:k,*rorAlog¢=B-—rorr+Alog¢=B
for two dimensional co-ordinates,
nd ¢ =l:

[ PR DI

=~l o avdestan Tobothwlo oo aetos < - eg the vector.
hyperbolic

. . al drrection,

: nward flow

were obtamed

In this connection attention was invited to the loss of head curve for
the Jaurian Syphon (Plate A)  As would be seen from the plan of Plate
X, the pipes were in the bed of a narrow drain and the effect of flow from
the sides came m A cross section of the dram with location of pipes
Aand B was also shown for »nferamea Thes -on e I
vergent flow towards a point
mic scale approximated to - .

.L.74, te, at the junction of coarse and fine sane strata. The actual
flow possibly followed a curve which was a cross between a hyperbolic
and a loganthmic curve, the former predominaung. The results were
not sufficiently exhaustive for generahsation It might also be noted
that the bed of the drain at the Dugn was over 50 feet wide so that flow
from the sides was comparatively very small and the conditions
approximated to the logarithmic,

Mr. Haigh's treatment of the actual process of soil dislocation with
.{F{‘crcr:cc to sp:CI§: gravity of soil was highly interestmg and instructive.
. PEE ‘ Srestmg 21c ms e

down

ofexi * .

andu . . . .

f'gring formation all over, t‘he area wxlth pockets of no flow in‘between
L e T LSS RO

»

soil at the toe of adam to the upward pull of outflowing water overbalancing
the downward pull exerted by the force of gravity, On page 42 of his

}

b
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paper, desling with the possibility of erosion and dcgosltion along geologi-
cal boundaries within the subsoil, he remarks that ** the failure of weirs
resting on stratified matenals sometimes occurred several years after the
water <1<+ v, e, O . e

rials . "

a eac - .
velocities or in the relative magnitudes of the upward and downward
pulls of water and soil respectrvely.

Regarding the statement about the Leggeltv and the Tej strainers,
the Author had no data to support it and as such did not suggest any great
importance to be attached.

In reply to Mr, Bakhshi Singh Sidhu, the author referred him to
pressure pipe No. 11 of Dugri Stphon which as stated on page 142 was
120 feet away from the siphon face and recorded much the same normal
spring level as clsewhere near the siphon (see plate V). As to the up-
stream floor of Balloki weir, with a head of 4 fect outside the ring bund,
water would naturally ooze out from the ecracks in the floor enclosed inside
the ring bund

The damage to the * pacca™ floor adjoming the loose protection
e S T 7t foundation soil underneath the
over, mto a local scour hole
'dge would perhaps clear this
‘point.

The author had not attempted to lay down definite laws. He had
simply invited attentron to fundamentals and had stressed the need for
further experimental work. The deductions of the paper should be
accepted only so far as actually proved in the text  Mr. Sidhu was quite
correct in drawing attention to this aspect.

The author thanked Mr. Musto for lu:s taking part in the discussion
and asscciated himself with Mr. Mursto’s remarks regarding long and
thick aprons of stone upstream and downstream of a pacca work.

The President in winding up the discussion on Mr. Khosla's
paper, said that he believed that all present would agree with him
that they were much indebted to Mr. Khosla for his_introducing this
very interesting and important paper, which had evoked the interest and
ingenuity of the matk icians and the engi and he hoped that
the discussions which had taken place would help greatly in throwjng
further light on the subject.
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STATEMENT A.

Statement showing bottom levels of filter points of pressurc pipes at
Dugri I Syphon

Date.

2.7.29

4-71-29

6-7.29

8.7-29

11-7.29

0-8.29

78

782

718

77

773

768

778

783

Pipe Numbers

80

kel

776

770

s

7068

763

o | e

R. L of bottom of filter point
|

782

781

779

kil

68

748

768

708

|
|
|
i

|
|

779

768

768

784

783

781 86

719

774

768

7845

7835

781'5

7795

177656

7136

767

767

767




PAPER No. 139,
SOME INTERESTING TUBE WELLS ON THE NORTH
WESTERN RAILWAY.
By
J. VARDON,
Mem'er of the Institute of Water Engineers, Executive Ergineer,
North Western Rathway, Lakore.
[ntroduction.

In a Paper presented to this Cangress last year on " Lucomotive and
Drinking Water Supply on the North Western Railway,” the writer
endeavoured to emphasize the urgent need for a Provincial Ground Water
Division, ta advice and help the public in developing the ground water
resourees F T G i e i Y
act as a
with Gre

2. Suchadivision + ‘' " ! - v
carrying out experiment:
branch of engineering, a1
the correctness of existin . !
water supplies, as well as 1mprove the technique of such work.

3. Some progress has been made along these lines by the Irrigation
Department of the P, W.D., but outside the Departmental Circles
concerned, very little 1s known of their activities, even to the men
dealing with simular work in other Government Departments.

4. During the past few years, large sums of money have been spent
bytheN.™ ™.~ oy Lo ' & possibiltties

of obtainis , where such
supplies at *

5. These trial borings constitute experimental work in one sense
only, They establish the bility of ot g a supply of water at

the particular locabty, They do not_provide any information that would
advance our knowledge of Tube Well engineering. The scope for
experimental work of this nature is vast, but such work would require
careful planning, a trained i and ample funds. The benefit
that would be derived from such ] may not be available for
some considerable time, and in many cases would not be of sufficient
direct value to the Ralway to justify us in undertaking work of this
nature on even a moderate scale,

6. Where diti warrant i igati and experimenta]
work, for the purpose of improving existing watering arrangements and
the prospects of success are reasonable, the Railway authorities have
always been willing to provide funds. In some cases the experiments
made have not been successful, but in otherssuccesshas beenvery  * ¢
and resulted in savings large enough to justify all the experimental
that has been done.
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STATEMENT A.

Statement showing bottom levels of filter pownts of pressure pipes at
Dugr: I Syphon

Date.

2720

4.7-29

8-7-29

8.7-28

11.7-2

6-8-29

R.

- I

7

9

. of bottom of filter pount

778

b

773

768

T8

T8

783

780

777

776

713

710

L]

363

763

703

779

.

68

748

368

[

Pipe Numbers

12

19

79

kv

775

768

768

768

784

783

780-86

779

74

768

7855

7845

7835

815

770:5

7766

7136

7705

767

767




PAPER No. 139,
SOMVE INCERESTING TUBE WELLS ON THE NORTH
WESTERN RAILWAY.
By
J. VARDON,
Memter of the Institite of Water Engineers, Executive Ergineer,
North Western Railway, Lakore.
Intraduction.
In a Paper presented to this Congress last year on ** Locomotive and

Drinking Water Supply on the North Western Railway,” the writer
endeavoured to emphasize the urgent need for n|Prov1nc|?l Ground Water
n 8 e v R O

" g

2. Such a division would naturally develop into an organization for
carrying out experimental and research work in all the phases of this
branch of engmeering, and would be 1n a position to establish or refute
the correctness of existing theories on the different aspects of Tube Well
water supplies, as well as improve the technigue of such work.

3. Some progress has been made along these lines by the Irrigation
Department of the P. W, D., but outside the Departmental Circles
concerned, very little is known of therr activities, even to the men
dealing with similar work in other Government Departments.

. .

~ ., o -

4. :
by the N '
of obtair . -
supplies ..

5, These trial borings constitute experimental work in one sense
only. They establish the bl btaining a supply of water at
the particular locality. They do not_provide any information that would
advance our knowledge of Tube Well engineering. The scope for
expenmental work of this nature is vast, but such work would require
careful planning, a trained ion, and ample funds. The benefit
that would be derived from such d may not be avarlable for
some considerable ime, and in many cases would not be of sufficient
direct value o the Railway to justify us in undertakmg work of this
nature on even a moderate scale. !

6. Where duti warrant
v;‘ork, for the pm}rpose of improving existing watering
the prospects of success are reasonable, the Ralil
always been willing to provide funds. In some :av;z :}l\xeth:;::fm!;‘z
made have not been successful, but in others success'has been very marked,

and tesulted in savings large Justil .
and resy g gs large enough to justify all the experimental work

and experimenta|
arrangements and
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7. 1t is the intention of the writer briefly to deseribe a few wells
that he considers would be of special interest to those dealing with this
branch of enginecring, and of general interest to all engineers,

8. Itis felt that these descriptions may in some measure help others
to solve similar problems when they are encountered, Bl:ld may lead to
improvements on the methods adopted by the Railway, with correspond-
ingly better results, which would benefit engineers’ working on Tube
Wells.

The wells 1t is proposed to describe are located at—
Laki Marwat.
Rohtak.
Campbellpur.
Lyallpur.
Umballa Cantonment.

Tube Well at Laki Marwat.

1. This well is of special mterest, in that 1t was the first effort [
knew of in the Punjab, to gravel shroud a well after 1t had been installed

2. Those of you who have read the Paper on * Locomotive and
Drinking Water Supply on the North Western Railway " will remember
the description of Air Made Gravel Wells which were observed i the
U.S. A. and the efforts made to install simlar wells on the North Western
Railway at Rohtak and Umballa Cantonment

3. The well at Laki Marwat was wnstalled 1n 1924, a year Lefore the
formation of the Special Tube Well Division.

4. The strata dniled through was analysed by Mr, Ashford of
Amntsar, and the location of the " Ashford” Screens used, was
determined by him, His estivate of the probable yield from the well

was 7,000 gallons per hour, with a * Drop ** of 7°-0°.
5. The well was Jested by the Divisional Engincer with a
o N was only 1,000 gallons per hour.
that the well was a failure, and the
then been formed, was ordered to
take over ine wu i witudlaw we Strainers and Plain Pipes.

6. Before doing this, it was considered that a further test should
be made with a more suitable purmp than the Centrifugal ysed for the
first test.

7. An Air Lift Pump was arranged, and on test an yield of 4,000
gallons per hour with a 36'-0" " Drop ™ was obtained, but as very large
quantitics of sand were being drawn through the strainers, it was
feared that serious cavitation would occur, which might result in damage
to the fragile ** Ashford ™ Screen.
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8. It was therefore decided to stop further pumping and endeavour
to ‘zlrave] shroud the Screen through two 4” pipes sunk on either side of the
well.

9. This was done and pumptng restarted. For the first two days
the gravel nthe 47 tubes did not move, but on the third day the tubes
were tapped, and the gravel moved down very rapidly  The tubes were
refilled as the gravel moved down and altogether 42 ¢ ft were fed down
in this way.

10. The yield from this well 1s now 6,500 gallons per hour with a
“Drop " of 44'-0". The water delivered 1s quite free of sand and the
well has been in regular use since 23rd August 1928. A sketch of the
well showing the location of the strainers and gravel tubes 1s appended.

11. The sand from which the watcr 1s being drawn 15 very fine
and there is an appreciable proportion of clay m jt
A 11 . o R "o

to his error in using a screen with too wide slots

. The descnption of the well at Laki Marwat indicates how
troubles from simular sanding wells may be overcome, but 1t is almost
essential to use an air Jift pump for this purpose, as sanding causes no
trouble to such a pump

14. A somewhat remarkable feature of this well is the depth at
which the shrouding was done, with the relatively small hore of gravel
tubes used  This will be better appreciated by those engineers who may
be called upon to d.al with a similar problem. It will be found, that
ahhol;lg!l large quan‘tit‘ics of ‘sand |are beix:g draw'n zhn‘;ugh the‘screl:ns,
ara R Mo et 3 H

arc
the
of

15. A simple calculation wall show that if the gravel fed down the
tubes distributed itself evenly around the 56'-0" of screen, {the gravel
could not get down to the lower length of 16'-0" of screen) it wouald
only form a shroud 3" to 4" thick, sufficient however to keep the velocity
of the water outside the shrouding below the ** Critical Velocity ™ of the
sand,
Tube well at Rohtak.

I. The tube well at Rohtak was the first aic made gravel well
attempted on this Railway and perhaps the first of its kind in India.

2. It was installed by my Sub Duvisional Officer during my absence
on leave, 1n accordance with a written description of the procedure to be
adopted, sent out by me after studyirg the methods i the U. S. A. An
account of it is to be found in the Paper presented to the Congress 'ast
year,



156 Some Interesting Tube Wells.

3. At that time the permanent pumping plant for this well had
not been provided Development was completed, and the yield test
showed that 5,000 gallons per hour conld be obtained from it with 2 drop
of 200",

4. The 6'-0” length of screen used was made up in the Ralway
Shops from an ordinary 6" pipe, in which were milled 75 longitudinal
slots each 4" x 3. The yield per square foot of screen used, works
out at 550 gallons per hour,

5. The air hft cum centrifugal plant prowided for this well was
erected and was due to be tested on 25th Apnl 1929,

6. Aftjer a short_‘rtm thle plant was srhut down, and when restarted,
FXAY ol D W ) s ) & S morga e Hi kel

7. This came as a shock to us, and appeared to be a very serious
set back for this type of well. As the permanent pumping plant had
been supplied, something had to be done to provide a well from which
this plant could pump water

R Trgac immadiztale dan’dad sn veneo T L L LR

tuoes vi o' Luie Wil sulin alUULU LLE WELL LO LRE Top of the screen, as
shown in th': diagram appended. They were filled with gravel to a
deptgogf 8'0". The cost of domg all this work amounted to about
Rs.

9. The Air and Eduction pipes were again lowered into the well,
and pumping restarted No gravel moved down the well although a
considerable guantity of sand was pumped out  Arching of the gravel
in the tubes was believed to be the cause of ths, and 1t was decided to
sludge out the gravel, clean the tubes and refill them to the top

10 During the process of sludging 1t was found that sand had
worked up wnto the gravel tubes, and fm‘med, with the gravel, a semi-
solid mass, which blocked the end of the tube and prevented the gravel
moving down,

1. Before refilling the tubes with gravel, the sand was cleaned
out to a depth of 37 to 6 belaw the bottom of the tubes, to ensure an
open clear outlet for the gravel, which was then filled to the top of the
tubes, and pumping restarted

12. As sand was pumped out, gravel moved down the tubes, and
this continued till 55 c. ft. had been fed down as a result of about 80
hours” pumping.

13. Sanding has almost completely ceased, except when the well
is * Back Blown ** when a very small quantity is drawn into the well and
pumpedout.  This sanding lasts for about ten minutes only, after that
the water is again quite clear,

4



Some Interesting Tube Wells 157

14, When the well was nstalled in 1928, duning development 50
c. ft.of gravel was fed around the Screen, which with the 55 c. ft.
added in May last, makes a total of 105 ¢ ft.

15. If this quantity has distnbuted itself uniformly around the
6'-0"length of 6" screen, there . '+ 1M 0. oW
and | am inclined to believe that
exsst around the scresn naw, as . .
screen 1s located would have to be some distance from it, for the velocity
of the water fAowing through it to be below the ** Critical Velocity.™

It was not ptﬁslb]e .!(:lr me to Ycrify this b‘y a'clual boring, as
‘T * , and we

thickness

communi~

cated to any of you who may be nterested It may be that similar

experiments will be made by other engineers of the Punjab. I am sure

several of us here would be obliged if the results obtamned could be
L‘Llor J'ous'J'J ")

Tube Well at Campbellpur.

1. The first attempt to replace the existing Railway Water Supply
from a 20-0" dia  open well, by a tube well, was made in April 1925,
2. ‘The boring was sunk with a hand outfit, using 13" casing
pipes.  These could not be sunk below 150°-0 owing to a layer of large
houlders struck at this level.
A tube well with 10" Ashford Strainers was lowered into the
boring, and the well tested for yield with an Air Lift Pump.
With the Static Water Level at 75'-0" below Ground Level,
a “*Starting Submergence”” of less than 50%, was available, which was just
sufficient for test purposes  The ** Drop,” however, was much greater
than was anticipated and the small discharge of 4,000 gallons per hour
was the most that could be obtained from the avarlable ** Working Sub-
mergence.” Various means were adopted‘ to try and increase the yield
y pumping to a bigger ** Drop,” but owing to the shallow depth of the
well this could not be done.

5. It was therefore decided to abandon the well, withd, the
Strainers, and do a fresh boring deep enough to give the required sub-
mergence, for a big * Drop.” This could only be done with a Power
Drilling Machine,

6. InMay 1928 a ** Star ” Drilling Machine was available, and was
sent ta do this boring, which was carried down to a depth of 280°.0"
through various beds of large boulders known to Drillers as ™ Nigger
Heads”  Such formations are perhaps the most difficult to get through
with a straight hole. We were fortunate, however in having an expert
oil driller who managed to get down with a straight hole to the depth
required, in remarkably quick time.

. The diagram appended shows the strata drilled through, location
of sereen and the probable distribution of the gravel shrouding. The
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3. At that time the permanent pumping plant for this well had
not been provided. Devel was completed, and the yield test
showed that 5,000 gallons per hour could be obtamed from it with a drop
of 20°-0°

4. The 6'-0" length of screen used was made up in the Railway
Shaps from an ordmary 6" pipe, in which were milled 75 longitudinal
slots each 4" x 3. The yield per square foot of screen used, works
out at 550 gallons per hour.

5. ‘The air lift cum centrifugal plant provided for this well was
erected and was due to be tested on 25th April 1929,

6. After a short run the plant was shut down, and when restarted,
it was found that sand had blown m and filled the well from the bottora,
located at 214’-0" below ground level, to the top of the screen at 74'-0"
below ground level, ** freezing ™" the Air and Eduction Pipes in the well.

7. This came as a shock to us, and appeared to be a very serious
set back for this type of well. As the permanent pumping plant had
been supplied, something had to be done to provide a well from which
this plant could pump water.

8, It was immediately decided to resort to the Laki Marwat method,
which proved so successful there. The Air and Eduction pipes were
Trers e b Ml STl o e X YSludger.” Six gravel
. the top of the screen, as
. . - filled with gravel to a

-~ ' . -ork amounted to about
Rs. 300.

9. The Air and Eduction pipes were again lowered into the well,
and pumping restarted. No gravel moved down the well although a
considerable quantity of sand was pumped out. Arching of the gravel
in the tubes was believed to be the cause of this, and it was decided to
sludge out the gravel, clean the tubes and refill them to the top.

10. During the process of sludging it was found that sand had
worked up into the gravel tubes, and formed, with the gravel, a semi-
solid mass, which bloched the end of the tube and prevented the gravel
moving down.

11, Before refilling the tubes with gravel, the sand was cleaned
out to a depth of 3" to 6* below the bottom of the tubes, to ensure an
open clear outlet for the gravel, which was then filled to the top of the
tubes, and pumping restarted.

12. As sand was pumped out, gravel moved down the tubes, and
this continued till 55 c. ft. had been fed down as a result of about 80
hours™ pumping.

13. Sanding has almost completely ceased, except when the well
is * Back Blown ** when a very small quantity is drawn into the well and
pumped out, This sa.ndmg lasts for about ten minutes only, after that
the water is again quite clear,

\

3
1
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14. When the well was installed in 1928, during d
e ft.of gravel was fed around the Screen, which w[g},ﬂi"‘s’;?‘ {
2dded in l};ay last, makes ahtotatliof lé)i céft . A

15. this quantity has distributed stself umform),

".0" length of 6° screen, there ought to be a 2'-I ':;r;gycﬁf‘d:‘&e
2nd | am mclmed to behieve that this thickness of shrouding dm"?q,
exist around the screen now, as the extremely fine sand in ,}5{]‘: h‘;:
screen is Jocated would have to be some distance from it, for the y.1, 3¢
of the water flowing through it to be below the ** Critical V:!e;"f’
N .16. I‘t. .Y“m not po’_ssib]e _fo'r me to \'rcrg‘f?r this b‘y -!.d_ual hnn!, .

. b 1 .
..

experiments will be n“xadz: by other engineers ot the Pun];b ’ 1 .I«“-l.'
several of us here would be obliged of the results obuimd(”‘]'hn
published or commumcated to us idividually. ould b
Tube Well at Campbellpur.

I. The first attempt to replace the existing Railway Wi
froma 200" dra  open well, by a tube well, was made in x;ril \gﬂ’
2. The boring was sunk with a hand outfit, using 13+ '15,
pipes.  These could not be sunk below 150°-0" owing to a Tayer ofu]s‘n‘
boulders struck at this level. . e
3. A tube well with 107 Ashford Strainers was lowered
boring, and the well tested for yield with an Air Laft Pump, nta b
With the Static Water Level at 75'-0" below Groynq Le
2 “Starting Submergence™ -7 *hom SN0+ senndbr T Lawd
sufficient for test purposes .
than was anticipated and t A
was the most that could be .. D ey
mergence.” Various means weie adopted to try and increase u,f“‘.’
by pumping to a bigger * Drop,” but owing to the shallow dept}, n%lt]d
well this could not be done. the
5. It was therefore decided to abandon the well, withdry,
Strainers, and do a fresh boring deep enough to give the requireg .ll:
mergence, for a big ** Drop. ‘This could only be done with pnu -
Dnlling Machine. . . R et
In May 1928 a ** Star ™ Drilling Machine was available, and
sent to do this b~ T ST A — e - el g
through various

N -0,
g
Hesds” Such thos
with a straight ! 20 £xpery
all driller who r o he degyp
required, in remarkably quick time.

7. The diagram appended shows the strata drilled through,
of screen arcnd l:lfea;:'cbablc distribution of the gravel shmm

P
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strata in which the screen is placed was considered the most promising,
as it was composed of large boulders and coarse sand. The screen was
the same type as that used at Rohtak.

8. It was considered that gravel development from the surface
would not be necessary, as, when pumping, the sand would be drawn
through the 4" X § slots, and the smaller boulders would gradually
pack around the screen, eventually keeping the sand out. Apparently
dato A e abale o toonon yere 5o packed as to allow

well was pumped, but the

' screen, with the result that

. ' 1en the casing was drawn,

allowed Iné sanu I UK SUA dbove the screen, as far up as the red clay
at 115'-0" to move down and through the screen,

9. After several hours pumping it was decided to plumb down
along the outside of #ha s all " The T Lol omnod e tAnT A7 0
that a clear opent

el Jons

[N K PRSI IS}

sanding continued, and

10. As the casing pipes had been completely drawn, it was not
possible to feed down gravel between the casing and the screen. The
methods used at Laki Marwat and Rohtak suggested themselves, but
were not adopted, as previm{s experience had pm‘ved t‘hat ‘i‘t was going

- el o) v BT

boring was done with a drilling machine.

It was therefore decided to try the effect of feeding gravel
down the gap around the tube well, This was done and in five hours the
300¢ ft,, of gravel, which was available at the site, had all been used, and
in plumbing down again the plumbob stopped at §0°-0".

.12, It s impossible to suggest how this quantity of gravel has
distributed itself around the tube wel e fact remains that the sand-
ing had ceased, although small quantities could still be drawn up when
the well was “ Back Blown.” If it is assumcd that a clear gap existed
from the hottom of the well to the top, and that this 300 c. ft,, of gravel
distrabuted itsclf evenly around the well from 280°-0" to 80°-0%, the
depth of the shrouding would be about 43", It is unlikely that the gap
left when the casing was drawn, remained open below the screen from
170°-0" 10 280°-0" during “*» = -+ - ' - ' otthe
time the gravel was fed do -avel
distributed itself from abo ad”
ring around the well, between these levels.

. Belore completing this work some more gravel was obtained
and fed around the well up to ground level, as it is possible when the
well has been put into service, that as a result of continuous pumpings
this gravel will work down towards the screen.
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Tube Well at Lyallpur.
1. This well has an enurely dxﬂerent feature of interest, from that
N . I —— L-. PO & I IR B4 Loa

JEal g .LA_ S

well was relatively large, and the well was pumped forseveral hours a day.

Prior to the mstallation of the Tube Well at Lyallpur, the
Railway obtained its supply of water for Locomotive and drinking
purposes from xrngahun canals The drnnking water was passed
through a * Jewell ™ filter.

3. In October 1926 a boring was put down i the Station Yard
with a view to substituting a Tube Well supply for the Canal supply

4. As work progressed samples of water were taken at 110°-0"
159°.07, 210°-0" and 258'-0" below Ground Level, and sent for
analysis to the Chemical Examuner to the Punjab Government, as to their
smtability for Locomotive and drinking purposes.

The analysxs showed that the quality of the water down to the
210°.0" level is more or less uniform, whereas below this level the quality
rapxdly deteriorates.

It was therefore concluded that it would be possible to obtain
smtable and ample water, from the water yielding strata, by keeping the
bottom of the Screen above the 210°-0" level and this was done by
instalhng 120°-0" of ™ Ashford ** Screen, between 86'-0” and 206°-0".
The yield test of the completed well was carried out on 11th to 13th
March 1927

7. Duning the test another sample of water was taken and the
following report was received from the Chemical Examner :—

Results of Analysis Expressed in Parts per 100,000.

Sample taken on 13th March

Water sample test, 1927, d\ﬂ'lzg' 'the test.

Reaction . L Abaline. T
Free Carbonic Acid ..| Slight.
Chlorides (as Nacl) ..| 585 parts per 100,000,
Nitrates + .| Nil
Nitrites ..| Nil.
Sulphuretted Hydmgen . NiL
Lime ..| Shght.
lron . .. Traces,
Sulphates . ..| Moderate.
Total solids .| 100 parts per 100,000.

w3 2 ¢ [Total Hardness ol 33 Clark's

8 8% 5< Temporary .. . 3 "

TEG ‘” Permanent . -
Oxidisable matter .- o
Free Ammonia . . 006pans per |00000 !
Albuminoid ammonia . parts per M (
Opinton :— «+ « .. Fitfordnnking 1
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This analysis agreed fairly closely with the average of the analyses
of samples taken during the boring  For purposes of ready comparison
1 have selected the more important heads.

Nacl Total Total !Tcmpomry1 Permanent
2~ | Salids. |Hardness. | Hardness. { Hardness.
Sampleat 110 17 90 6 " 35 25
Sampleat 159’ 67 50 45 3 15
|
Sampleat210’ 75 110 71 5 2
Total .. 257 250 175 115 6
Average .. 85 83 58 38 2
Sampledurmq‘ ‘
Test “A”.., 58 100 35 ) 3 5
)

8 As this report was satisfactory an Amr Lift Cum Centrifugal
Pumping Plant capable of delivering 25,000 gallons per hour was ordered
for the well

9. For vanous reasons the plant was not erected tll July 1928, and
tested on the 7th August 1928 During the test another sample of water
was taken and sent for analysis. It will be noted that this sample was

taker 17 —-wtbe ~foae shaTels lam slas ald bacs ofaln o AW o ne mavein
out

- y
been appointea to tnis Hanway, and one 01 Whose dulies 18 L auiyse
samples of water as to ther for 1 an

drinking purposes.
The following is the report of hus analysis :—
*B" REPORT ON THE SAMPLE OF WATER TAKEN

ON 71 Avcust 1928,
Parts per |0040£0

Chlorides {Ci) .. X
Sulphates (SO ) .. . 64
Carbonates (CO4) .. i 205
Nitrates (N :05) .. . Traces.
Lime ) o .. 29
Mngnesla (MgQ)
Soda (Na,0) plus other minor consh-
tuents, not determined 319

Total Soluble Minerals .. 676

.
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Report :—
This works out approximately :—

Magnesium Carbonate .. . 10
Calcium Carbonate . - 52
Calcium Sulphate . . Nil
Sodm Carbonate - . 450
Sodium Sulphate .. . 13
Sodium Chloride .. . 73

Remarks :—

** Is a very alkaline water, and will be found to be highly corrasive to
boilers. There is also some tend'cncy to prime. | do not recommend
this water 1f other is available.”

11. This adverse report caused conflder?ble disapporntment as
$ acvers Y . Y ppointment 23

ordering the permanent plant.

12. On a careful comparison of the analysis of samples A " and
*B” the former by the Chemical Examiner to the Punjab Government,
and the latter by the North Western Railway Metallurgist, which are
tabulated rather differently, it will be observed, that the Total Solids in
sample ** B was lower than in sample “A”, but the mjurious consti-
tuent as reported in sample “B"* was the high Sodium Carbonate content.
:l'his was not brought out in the Chemical Exammer’s Report on sample
A

13. What d to be a confirmation of the itability of this
water was brought to notice by the Divisional Superintendent in a report
that drivers mamtained that the Lyallpur Tube Well water was bad for
their bailers.

14, Drivers are not in a position to state why any particular water
is bad, but are able to appreciate the diff in the ing results,
after they have watered at a certain station, so that when persistent reports
are received from them by Operating Officers that the water at a station
is bad, investigations are started to establish the cause for these com-
plamts,

15. It was found that the steaming troubles complained of were
due to priming, caused by the mixture of Tube Well water from Lyallpur
and canal water supplied from Gojra and Sangla Hill the next waterng
stations on either side of Lyallpur.
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which would only be noticed by the Borler Inspectors, on careful exa-
mination. The question to be decided was~ should the Tube '\Ve]l water
be used for the period that would be required to develop corrosive action?
17. Reports received by the Divisional Officers, none of which
mmmanvad b ho dafwital. metalll Lot T.Tal.ow L 1P 0 1 N

Y ]
for this reason.

18. From a common sense point of view these reports seemed to
be directly contrsry to what one might expect. For over 30 years Lyallpur
has been heavily imngated with sweet water from the rivers, which un-
doubtedly are the main source of supply of the subsoil water.

4 oyl ha cmar bt oL

19. From the section o‘li llhc bfﬁng a copy of which is appended
AR D0 AT TR R SR O e B AR

i1ow of sweet water trom the canals.

20. The points at which this sweet water is actually fed into the
subsail, to take the place of the chemically laden water, obviously cannot
defined, but 1t can be assumed that they are 1n the vicinity of the well.
Although the quantity of water pumped out in a day is very small as com-
pared to the storage capacity of the subsos] reservoir of water, a flow does
in fact take place, which can only tend to aweeten the water, as replenish-
ment is only taking place with sweet water.

21. It was therefore decided to keep this well in use, and every
quarter, take & sample of water for analysis by our Metallurgist, to
observe the changes in quality, 1f any, that were taking place.

22. Unfortunately, early in October 28, only two months after the
cloce Lad Laam = ovus e e . h the founds-
.o n, 1t was not
TR . " .=} months later,
Ol Lemu guiy 1242, BIOLIRE sample was sent for analysis. A further
sample “°C" was taken 3 months later, on 14th October 1929. The
eample taken on 22nd July 1929 differed shightly from that taken on 7th
August 1928,
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23, The table below gves the details of the analyﬂs of the sample

"“C” taken on I4th October 1929 as compared with ** B,” the analysis of

the sample taken on 7th August 1928, the differences being shown as
~plus or minus 1n the adjoining columns :—

Samples | Samples |Changes as
Lyallpur Water Test. taken on | taken on | compare
7-8-28 | 14-10-29. | wath “B.”
B e
Chlorides B 44 28 —- 16
Carbonates .. 25 79 ~136
Sulphates . 64 46 —18
Nitrates .. traces traces.
Lime o 29 34 +5
Magnesia .. ‘5 20 +1I'5
Soda . 319 109 —21'0
Silica . . 4 +4
Iron Oxide & Alumina . .. ‘1 4+l
Total Soluble Minerals . 676 321 -355
This works out (approximately) .. . . .
Calcium Carbonate .. 52 61 +9
Calcum Sulphate . Nd . .
agnesium Carbonate " 42 +32
Magnesium Sulphate . .
Sodium Nitrate o .
Sodium Carbonate . 450 72 378
Sodium Sulphate . 113 82 -3
Sodium Chlorile i 73 47 —26
Silica etc. . . 5 + 5
Remarks :=— ,. Itis very alkaline water |Quite good.
and willbe found to be | Probably
highly corrosive to botl- | safe to
ers. There is also some | drink.
tendency to prime.
do not recommend this
water if other is avail-
able.
Ay e - NEE] v Tt T
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25. The average pumping hours per day is only 6}, which gives a
total of 18,000,000 gallons, roughly 1,000 cusecs pumped from the well.

26. We shall continue to take further samples for analysis, every.
quaiter, for the next year or two, and will be glad to forward the results
to anyone interested in the subject.

27. I would like to point out that these analyses are done with the
greatest care by the North Western Railway Metallurgist who is an
authority on Boiler Feed Waters and is keenly interested in the quality
of water supplied for our Locomotive Boilers. These analyses therefore
can be taken as correct, but we have yet to establish that this improve-
ment is not merely seasonal.

28. Thelast sample "'C" was taken just after the ramny season, which
was exceptionally heavy this year, and it is just possible that this may have
influenced the quality of the water at the time.

29, The next two samples which will be taken 1 January and April
should prove this.

Tube Well at Umballa Cantonment,

I. By far the most interesting and successful of the Gravel
Developed Wells that have been installed on the N, W, Railway are two
that have recently been leted at Umballa C:

2. Troubles, due to the inadequate supply of water at this station,
have been expenienced, I should think, for over 30 years,
3. 1 aminformed that the N W Railway have since 1913 tried to
increase the water-supply at Umballa by the use of Tube Wells. Prior
to ‘t‘hls dat hgrtever the ‘shc:_rtagc became acute, one more large open
S, PR M A b ' v

.4 Apparently the D U. K. Railway experienced similar troubles
v.alh their water-supplyAat Umballa, and resorted to the same methods to
tide them over their difficulties, for they have a battery of three open
wells, also near the Tangri River.  In one of these wells & tube well has

een sunk.

Since the D. U. K. now belongs to the N. W. Railway, we have
taken over their watering arrangements, so that we now possess 3t
mballa =
1—25"-0° dia. open well,
1--25".0" dia. vpen well,
2—16'0" dia. open well.
\ 4—12'20" dia. open well.
“These wells can only provide 12,250 gallons of water an hour, which
is insufficient for our present requirements.
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5. A brief account of the efforts made by other authonties to deal
8 e e R S A S A B
» the
. . . , Ir as
can be gauged at present, promise to be entirely successful
6 The pecultar difficulties of obtaining a ground water-supply at
Umballa Cantonment are dealt with ina Reporton ™ The Water-supply
of Umballa City and Umballa Cantonment ™ by Mr. DA, Howell,
A. M. L. C E., Executive Samtary Engineer, Public Works Department,
Punjab. Extracts from this report are quoted to ndicate the reasons
asenbed for the difficulties expenienced, and the methods adopted to cope
with them.
“The present Umballa City Water-supply Scheme from wells*at
* Handesra was carried out about 1895, and was designed to yield a
* supply of 240,000 gallons per diem. The yield has now dropped
* to about 80,000 to 90,000 gallons of water per diem, probably due to
“ clogging of the sandy strata round the well bottoms by clay particles
“ carned and deposited by the imfiltration of water into the wells. Tt
** should be noted that the decrease of yield of water above described has
:: taken pl'ace In spite of ‘!he fact that a ccrlnslderable expe?dnture‘un

“the last 30 years.

*In 1921 about Rs, 66,000 was spent by Government in putting
““ down a tube well fitted with a vertical and horizontal strainer, and 2
** subsichary station, at S in Patiala State, on the
*banks of the Tangri Nallah, 1n order to pump additional water to
“Handesra. This has proved more or less a failure, as the yield which
*“ was about 4,000 gallons per hour n the first instance dwindled within
* 12 months of starting pumping operations to less than 1,000 gallons
“per hour at a depression head of 10 feet In 1923 an experimente)
" well 40 feet internal diameter was con;p!el;d at Sarangpur at a cost of
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* The Bibyal wells have been gradually decreasing in yield due to
“ ‘choking * effect, and additional wells have been sunk from time to time;
** the last, sunk in 1923, being two in number, each about 30 feet diameter,
*“and now ready to be pumped. The present systems for Umballa
“C are quite inadequate to provide a proper water-supply
*“for the Cantonments.”

7 M 1T Medfeeoecale 11 yhich the Military Works
were . sport was written had only
reache . "

8. He also refers to a hand boring sunk 1 1869-72 to a depth of
v Yo RN T S I i ey

~nts e

means of extraction.”

9. This statement sums up the crucial problem of the ground water-
supply at Umballa Cantonment  Water does exist in the belts of water
bearing strata The question is, how 1s this water to be recovered. To
my mind the only way 1s by the Air Made Gravel Well,

10. This solution only apples to relatively shallow wells, by which
1 mean, to wells located in the beds of water bearing sands which are
encountered to a depth of about 250°-0", for two reasons :—

(a) Gravel development at depths below 250°-0% is expensive
and rather uncertain

(6) At _depths below 250°-0" and up to 600°-0", at Umballa
C there are sufficient beds of coarse sands
and gravels to obtam a large yield, {up to 40,000 gallons
per hour) with the ordinary fine slot screen as generally
used tn the Punjab.

11, Looking at the sections of the 701°-0" boring, referred to by
Mz, Howell, and the 1,600°-0" boring sunk by the Military Works, it
will be seen that the beds of sand and gravel encountered in these borings
below 240°-0° are as follows :—

701'-0° BORING.

278-302 = 24-0°  Sand wth clay pebbles boulders.
335-376 = 41-0°  Sand with some clay and kunkar.
394-424 = 300"  Sand with some gravel, large stones

and kunkars,
515-546 = 31'-0° rse sand,
585.601 = 16"-0°  Sand fine with boulders,

1420
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M. W. S BORING 1,600-0"

240-0—270-0 = 30.0"  Sand.

280-0—312-0 = 320" Gravel sand and boulders
33303450 = 150" Sand

386-0—395-0 = 9'.0"  Sand

445-0465-0 = 20'-0"  Gravel and boulders.
480-0—498-0 = 180" Sand.

528-0—603-0 = 75'-0"  Coarse sand

199707

In the former boring 1t would have been possible to instal 138°.0”
of strainers, and in the latter 188°-0".

12 1 have not heard definutely why the Miltary Works did not
make use of these beds of water yielding sands, as they could easily
have obtained an yield of 40,000 gallons per hour, (1,000,000 gallons per
day for 24 hours pumping) with a * Drop ™ of about 20°-0". This
allows for an yield of 85 gallons per 1. ft. of stramer, which is by no means
the limiting yield of a fine slot stramner.

13. I was informed that the Engineers were expecting an Artesian
Supply, and therefore discarded these beds of water bearing sands, and
continued the borimg down to {,600°'-0" 1n the hope of stnking such a
supply, which they did not.

4. Apparently Mr. Howell's conviction that a ground water-
supply. either from Open Wells for Tube Wells, in the wvicinity of
Umballa, could not b. relied on to provide and maintain the yreld required,
decided him in carrying out investigations further afield.

15. These investigations led him to discover a plentiful supply of
. P R A SRR
. which
+Jmballa

16. As the Railway were experiencing acute difficulties with their
1 LR B L L L T L P U S RN ) B

17, The Railway would have preferred to have their own independ-
ent supply, under their direct control, as their past expenence of Jomt
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18. Early in 1926 the Railway started independent investigations
in the Ghaggar-Chandigarh area, and the conc'lusmns they arrived at
agreed closely with those on which Mr. Howell's scheme were based.

LI

An agrezment .+ ° -o= mo=-lodod . Sboeba Pupjab Government
at the end of : lomt Scheme, but for
the fact that - on the Railway.

19. Duning the period {1926-28) the investigations and negotia-
tions for this Jomnt Scheme were in progress, improvements had been
effected in operating methods on the Railway, with the aid of the powerlul
locomotives that had been provided. These methods permut of the
elimination of a number of engine ct stations, and i
on a few large sheds, with the result that Umballa Cantonment will very
soon not have the large number of engines based there, that it now has,
and consequently will require much less water. However, something
had to be done quickly and mexpensively to provide the immediate needs
of the station till these changes had been made

20. The Gravel Developed Well at Rohtak had just been completed
successfully and 1t was decided to try a sumlar well at Umballa Canton-
ment. This proved a complete failure, and 1 have since come to the
conclusion that the reason for this fallure was due to the very small
dcar:nce bctw‘e‘cn ‘3’”. casmg pipes ar;d tube well tpirl:es. whilch was

SR [ I

e e Macal L T btk thaca aacae tha grayal fad

o;’mon but to try them out

21. For Air Developed Wells in the U. S. A, 30" and 24" casing
is used for 127 and 10" wells, which gives a nett clearance of 8 to 6" for
the gravel to move down. In our wells we were using 15" casing for 107
and 6" wells, which left a clearance of from 13" to 31",

2.1 cerrmmd Mt e il L e e faet wabaand
xuccec.&)csl . . . .o st :]:f
Rs. 1, . - - . - « only
k:tn feet . . The

yield works outat 1,500 gallons per hour per square foot of screen,
which [ believe is a record for a Tube Well in the Punjab, for a ** Drap
of 7-0° only. The amount of gravel shrouding phiced around the well
was 272 c.ft. and the quantity of sand pumped out was 1,000 c.ft.
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23. Encouraged by this success, orders were issued to make another
attempt at a Gravel Developed Well, and an estimate for Rs. 11,000 was
sanctioned for this work.

24. Before starting the Gravel Well, it was decided to establish
the water yielding capacity of the strate, and with this in view, a ** Pilot
Tube Well with 16 -0" of 10" ** Ashford ** Screen was installed between
38°-0" and 54°-0", in the only layer of sand available up to 145°-6",
the depth bored. The well was tested for yield for 24 hours and
delivered 3,110 gallons per hour with a Drop of 19°-9".

25, This result indicated that water was available 1n the stratum,
and that 1t was being replenished as fast as it was bung drawn out, as
the * Diran ™ vamnonn 4 ctmnd ~b 107 O fav imen AN, B I 1
}Iours
Well
depth
Lift Pump. The strata drilled through were similar to that in the
“Prot™ well. A length of 6-0" of 10" bore, large slot screen, was
lowered and placed between 46'-0" and 52 -0" The casing pipes used
were [3° bore, allowing a nett clearance of about 13" between the well and
the casing. This small clearance ruled out the American method of
feeding down gravel between the casing and well pipes, and the only
other way to attempt gravel development was by means of tubes sunk
around the well.

s L v, .

*'ons per hour with a ™ Drop ™
N Ui, %P

27. This well showed that outside development was a suitable
way of getting over the difficulty with small casing pipes and in sufficient

f
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clearance, and as far as India is concerned, is, I believe, a qheaper a.nd
more practicable method, as large casing pipes would require ma.chmc
illing, with the consequent heavy o_utlay n plant and’ xpa.c}unet:y.

hose sunk at Umpalia Lantonment ook two days each and cost Ks, 190
to sink the ninc that were used.

28. As there was sufficient money saved from the sanctioned
estimate of Rs, 11,000 a second Gravel Developed well was sunk 158°.0
from the " Pilot ™ well and 168"-0" from No. 2.

29. The same length and size of screen was used, and the strata
drilled through differed only shghtly from the other two wells. The
only change made was in the location of the gravel tubes. In No. 2 well
it was found that the majonitv of the gravel that moved down to the screen
was from the tubes placed ata 1"-6" radius fiom the well. It was therefore

ChE I Rty P oy L o o

P T + width
. . . - yield

30 In this we were entirely mistaken, as was found when the
screen was exposed for a few inches, and pumping for the development
started. Enormous quantities of sand were pumped out but no gravel
worked down the tubes, with the result that 1 half an hour serious
cavitation occurred, almost completely blocking the sereen with the clay
and ashes which had fallen in from above, Pumping was stopped and we
appeared to be faced with a complete failure. The cause of the trouble
was quite apparent, and was due to the gravel tubes being located too far
from the well for the 1nitial stages of development. Instead of the sand
moving towards the slots 1n the screen at an angle, as we helieved 1t
would, and so allow of the gravel in the tubes, 3'-6 away, being drawn
down and around the screen, the sand pumped out apparently lefta 2'-6
eylindrical gap all around the screen into which the upper strata of clay
and ashes fell.

31 Tha anly e that 0 pecetad eola | L0 L 0 Y
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the tubes to replace them. By frequent ** Back Blowing * and pumping
for about 240 hours the well now delivers 9,070 gaflons per hour of clear
water practically free of all traces of sand, with a " Drop ™ of 24'.3",
This s not as good as well No 2 but when one considers that as a result of
the serious cavitation, the screen was completely choked at one tune, the
tesult must be considered as satisfactory, particularly as the * Drop *
is steadily getting less for the sam- 4 --L-- - - L-L" 1. R
channels for the flow of water are
the “ Drop " has decreased fronm
appe 1ded which gives all the details connected with the “*Pilot * Well and
Gravel Developed Wells Nos. 2 and 3

32 The pomnts which it 1s desired to emphasize are . —

(@) The low cost of a Gravel Developed Well as compared with
the fine slot tube well of equal yield and “ Drop ” The
cost of the well at Kurk hetra installed in October 28 with
fine slot * Tej* Screen was Rs. 5,800 agamnst Rs. 3,500
for Well No. 2.

(b} The scope of the Gravel Well These can be used in shallow
eds of sand where the fine slot screen would be of Little
or no we. In the case of Umballa Cantonment 16°-0"
of Ashford Screen yielded 3,110 gallons per hour with a
**Drop " of 19'-9” against 11,170 gallons per hour with a
“Drop™ of 20°-0" from Gravel No. 2 located 36'-0”

from the Ashford Well.

{c) The troubles encountered with clotting of screen opening is
not likely to be experrenced with the wide slot screen, as

the width of these opemings are about 407 agamst

l% for the ** Ashford " and * Tej ™ Screens.

(d) The “ Drop " 1 a Gravel Developed Well is far less likely
to increase than n a fine slot one, as the finer sands are
continually beng drawn into the well and pumped out,
opening up fresh supply channels to the well.

33, With the experience we have had so far with the installation of
Gravel Developed wells, I would recommend the use of separate gravel
tubes which should be of the largest possible bore  The number of tubes
used should not be less than six and they should be arranged as in the
sketches appended. Obviously better results may be expected if the
number of gravel tubes could be increased to 9 or 12, but this would of
course increase the cost of the well .
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Tube Well. No. | Pilot",

Depth of Tube .. 913
Dia. of plain pipe 0"
Dia. and type of Screen | 107 Ashford.

Length of Screen L1670
Location of Screen . g 38"0" to 54 0"

Size number of gravel |
tubes -

Distance  from Tube‘
Welt L
Static Water Level . 253"
Discharge when Screen
was totally exposed ' 3,110 gallons
per hour.
Drop when Screen |

was totally exposed .. 19°-97
Discharge when dcve-‘
loped

Y

Drop when developed .|

Discharge persq. ft. .1
area of Screen S

Sand Yumpcd out l
Gravel poured in

Number of pumping .

hours to develope ..

Number of pumping ;
hours after develop-
ment

Effect on Tube Well

wheén others are be-

" ing , umped ..] None,

Cavital on ..
Costof terial ..{ Rs.910-
Cost of bour .| Rs. 630

Total cos « Rs. 1,540

No. 2 No. 3
Developed. | Developed.

130'0 146'-6"

10" 10"

10" Large 110" Large

Slol(ed sl’o:)t,ed.

50 0520|010
534"

Nos. 9 8 (Nos, 9 8

Tubes Tubes.
Nos. 4 13
Tubes
Nos. 3 at Nus 9 at
16" 36"
Nos. 6 at Nos. 4 at 6"
70"

25°.0" 25'-3"

9,070 gallons | 4,910 gallons

per hour per hour.

200" 30°-.0

11,170 gallons | 9,070 gallons

per hour. per hour.
h0° A

740 600

417 c.ft. 1,807 c.ft.

62 cft. 118 c.ft.

132 hours. 240 hours.

246 hours, 66 hours (This
well s still
being pump-
ed).

None. Not observed.

Alittle A vast amount.

Rs. 1,900 Rs. 1,800

Rs. 1,600 Rs. 2,700

Re. 3500 Rs. 4,500
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DISCUSSION,

The Author introduced his paper and said his intention in sub-
mitting the paper was to indicale the progress that had been made on the
. W. Railway in obtaining a suitable and adequate supply of water
from Tube Wells in places where it had been previously decided that a
Tube Well supply could not be obtained,

This had been rendered possible by the introduction of modifica-
tions 11 the type of Tube Wells hutherto used in the Punjab, as the re-
sult of the study of methods adopted in other countries where conditions
were similar to those here.

Most of the wells described 1n the paper wete of the Gravel De-
veloped Type with large Slot Screens, and further expenience with them
strengthened his conviction that this type would solve many of the cases
Vi;h?:'e troubles weie expetienced in the past with Tube Wells due to
choking

On the N. W. Railway they invaniably had to provide a combined
focomotive and drinking water supply and therefore could not make use
of the first bed of water-yielding-send encountered due to the surface
water being liable to bactericlogical contamination. They were there-
fore compelled to diaw their supplies from the deeper beds of sand, thus
increasing the cost of every item connected with the well vz, plant,
drilling, plain pipes and development.

Where the tube well was not required to provide drinking water,
and was only used for irngation or for dewatening the soil, the first
bed of water bearing sand could be used.

Stich a well would seldom need to be deeper than 50°-0" and from
the yield per S. ft. of screen given in the paper it was easy to estimate
that for the same discharge a Large Slot Screen Well would cost only a
small fraction of what a fine slot screen well cost He ventured to
suggest this ty CRaT I P A 1 TR SR A o
authotities in '
tequired were
any workshop.

With the advent of cheap electric power end the 2doption of a cheap
and nonclogging type of the Well such as the Large Slot gravel
developed type promised to be, there was reasan to believe that tube well
ittigation would usefully supplement canal irrigation.

He pointed out an errot that had been made in Paras 15 and 16
Pages 161 and 162, The tests that were carried out and described in
the paper were made in connection with the Tube Well at Tandlian-
wala not at Lyallpur as mentioned.
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Mr D. A. Howell said he was particularly intetested in Mr. Vardon's
paper #s the author had quoted at considerable length from the s;_)caker s
“Repott on the water supply of Ambala City and Contonments.” The
ot de sbp = UL LT 26 Aot 1) Deon proved in many wells,

- 7 two deep botings, one put
. . K " ago and another to a depth

The strata in both of these deep bores consisted of bands of clays
and sands. The sands generally were rather fine and contsined an ad-
mixture of fine clay.

The Ambala waterworks Headworks which were built about 34
yearsago nezt Handesra, about Bmiles north of Ambala consisted of shallow
percolation wells. The yield of these wells had diminished enormously
and today the wells yielded only sbout 33 per cent. or Jess as cvmpaxgd
with their originel yicld. The same ﬁhgno;nenan hag Eecn observed in

Ho-d. .t o DL .

the case of the Ambala conto==em+ - - A_tal,
and also in the case of a 40 . o
neat Sarngpur on the bank . L

the later care great case had been taken to ensure that overpumping
did not occur  Similar experience at the old Delhi water works had
caused the abandonment of the percolation well System there and at
Dethi drawn now the supply was from the River Jumna.

The cause of the seduction of yield, he considered to be due to
clogging of the pores of the sand strata round the wells due to the draw

on Itlhe wells, by clay particles carricd by 1he flow of water towards the
wells,

Mr Vardon had shown that he had achieved a certain measure of
success with the gravel developed tube well but this did not prove that
the final solution of the problem was in sight and the speaker considered
that it was a grave fisk to rely on gravel developed tube wells as asource of
supply for a permanent watetsupply scheme to deal with Ambals Conton-
ments and Ambala City, with a population of about 70,000.

Possible there wete cases whete no other supply might be available
end under such circumstances admittedly there would be no alteenative
except to experiment with different forms of tubewells, if that were
possible.

About 17 or I8 miles north of Amtala there appeared to be an
extensive boulder formation at the base of the Siwah‘: (Tertiary) Fool
hills.  Duc to the flattening out of the slope of the alluvial formation 83
it left the foot hills, the subsoil water surface reached the susface of the
ground near the southern edge of this formation just worth of Ghugker
Station on the Ambala Kalka Railway,

\
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T?le formation contained large quantities of water and the level at
he point where the water line conaded with the surface was about 100
SO o

eet gb-waolon ol A

nost -
ibtein

3
1ad said * .
upplied fr - . . . . L
mprove in quality when pumped regularly for some months " This
1gument, howesver was based on the results of a single tubewell and it
eemed dangerous to make a general case out, simply on the result of
me particular example.
The A *6 paragraph 192, had stated that he saw
- . ‘ere were appreciable Variations on the
. + + Railway tubewell at Lyallpur.

This conclusion was entirely at variance with the speaker's own ex-
setience of large numbers of tubewells sunkin the Punjab. He had found
hat generally the stratefication of the sands and clays of the alluvium
vere difinitely centricular in shape and almost everywhere there were
:onsiderable differences between the cross sechons of boring placed at
omparatively short intervals apert.

The speaker referred to paragraph 20 page 162 on which the Author
12d said that the point at which sweet water was actually fed into the §ub-
oil could he assumed to be in the wicinity of the tubewell. In this he
mphatically disagreed with the Author as in spite of the centicular forma-
ions of the alluvium, it was certain that these layers were interconnect-
d longitudinally or horizontally in many directions and there seemed
o be no reason  why replenishment of any partl'cular sand strata could
1ot take place from iderable di: h Ily.

R. B, Amar Nath Nanda said that he wished to speak on a few
soints raised in Mr. Vardon's paper, because they 1n the Public Health
Zircle had been working in the direction of tube well supplies for large
trban areas in the Punjab for 15, on 20 years.

Me. Vardon had in his paper dealt with a few tube wells which had

i . W. Rail t Laki Marwat, Rohtak,
seen sunk by him for the N. W, Rail (v:v::t;a:'\;h hi Magwat, Amb:l.a

ambellpur, Lyallpur and Ambala f
vere important centres of urban population of the Punjab and they were

leeply interested in the water supply problem, for these places and any
olution that might be offered by engineers in this behalf.

He further said that the question of Ambala water supply had been
ngaging their serious attention since 1895. Briefly recapitulating the
florts made here from time to time he stated that the Ambala water
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supply was detived from a distance ¢*° ™ © L v

taken the shape of 27 percolation we

a discharge of 2 lakh gallons originc

RACTOPAL T W W TS USSR YU T O,
3

.. . t
veached the exhaustion point or the choking effect of fine clay particules
had proceeded to such an extent in the water bearing subsoil stiata
surrounding these wells, that the yield had diminished considerably.

other effort they made here was with a 40 ft. diameter well which had_
been sunk about 20 ft. below spring level on the bank of the river Tangri
in 1923, This well originally gavea discharge of 1 lakh gallons in 16
hours pumpim{and uncLer 4 f. ;thad o|f d.epre‘ss‘i,an. , Exl'rem'e care was

experimenting with these forms of tube wells only for the last few years
solved the problem of Ambala water-supply by drawing upon
the same unpropitious subsail

The only explanation given in the paper was that the subsoil water
at Ambala had been coaxed out of the ground He said this was tanta
mount to making a regular raid 1n to the subsoil. Now this coax-
ing process could not last long, because although a tube well as a form of
withdrawl of water from the subsoil had an advantage over a percola-
tion well in that it had sts vertical straincr surface exposed to the inflow
of the horizontal stream-lets along their natural lines of flow between
layers of sand, still the output effect, or the *net' performance was
Limited by the limited quantity of water containedin this finely combed
subsoil basin of Ambala. The difference between M. Vardon's tube wells
and theirs was that _they had to supply drinking water for urban areas
where no_risk_could be run whercas he had to provide for the locomo-
tives, and if his supply failed eventually in one place he could shift his
watering arrangements to another centre

He described the case of Pasrur for instance where they had to sink
tube wells both for the supply of the town and the Intetmediate College
that had been recently opened hfm ‘ln 1916, the P. W. D. had sunk a

B L T e S

totalgall 22000 Jea  L-TAT, N

supply bor his College when the railway had ;Ia]vcd it for their locomotives
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only a 100 yards away  That was how these new 1deas were putting them
1 trouble and it was for this reason that he had taken this attitude in
dealing with this paper, otherwise he would welcome this type of gravel
fed screen well 1f 1t was found to stand the test of time and gave eventually
what it promised to give m the beginmng. i

Colonel Battye wanted to know whether the Springs that Mr.
Howell referred to in the Siwaliks were in British terntory : 1f not in
British Territory there was some prospect of their remaining per-
manent : otherwise there was every prospect of their drying up in the
course of time as the denudation of the Siwaliks continued. This was
rather an interesting sidelight on the mportance of Mr. Glover’s
paper.

He then referred to the question of afforestation and 1ts affect on
the subsoil water throughout the submontane district. He said that
the Enquiry Commttee on the Hydro-electric project had been very
impressed with the great possibilities of a market for power from tube
wells and had asked them 1n conjunction with the Agriculture and other
Departments to investigate this The prospect of these tube wells
being a success however. d ded upon the mai of the sub;
soil water beds the submontane districts, which agam depended upon
afforestation.

‘Turning now to the questions raised n M, Vardon’s paper, he
pointed out that this opened up a fresh view of the time—old contro-
versy between the fine and the coarse screen. It seemed to him that

r. Vardon's 1 ituted the equival f"f a‘ﬁl‘ter X’.“l‘ an

ida L3 PRI S P 9 .

P S PRP

“a Yoo e feeell

4 glavel hiter scemed to point logically 1o {he auopliun ol 4 Ccoarse
B S ey < M- Vardon's use of filter really had

+ = f the well from 12* 1012’ and
. + +  the velocities at the outer edge
. . a + small enougfl to_ prevent the
transportation of sand particles. Judged from this point of view it
seemed that he was working on the right lines and that all tube wells
in_future would be based upon the employment of a gravel filter of
this type.

Turning to the diagrams at the end of Mr. Vardon's paper, if this
aspect of the question was correct, it would appear to be lqucal to
adopt the concentric system of gravel tubes and 1o differentiate be-
tween the size of gravel to be inserted in eachtube. For example, coarse

ReTann In anct R NN
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gravel should be put in to, those adjacent to the main water tube
and finer gravels inserted in to those nearer the circumference. He
asked if any experiments had been carried out definitely on these
lines.

Mr. Carl King said that the questions discussed really turned on
the merits and disadvantages of the course screen tube well as against
the fine screen tube well.  In America at first fine screen tubewells su
as those at present mostly installed in the Punjab were generally used.
Later however as the result of experimental work, coarse screen tube wells
had been developed and to-day this type had largely displaced the fine
screen tyre. The subsoil conditions in the Punjal varied somewhat
feom those in some places in America where coarse screened tube wells
were installed. Mr, Vardon had done very valuable work in showing
that gravel developed tube wells could be successfully used and he hoped
that his work would continue.

My Wgeq atila bl TITL L

for *
trib R B .o . .
tance every year to india. He would suggest that a commuttee be formed
of officers in Lahote of all Departments which were experimenting
with tube wells, and that such committee should meet not less than once
in 3 months to pool and record the information obtained, and for mutual
discussion of methods.

12 JR2ML U1 e ey

In paragrapt
almost cssemiur .
1f the total suctic . . AT T T .. Coe .
trifugal pump, the later was a much more efficient machine than an eir .
It pump, and much cheaper to instal.  Occasional and would do no harm
to such a pump, as the cl or wear all ina ifugal was
considerable before efficiency is seriously affected.

1€ heavy sanding was anticipated during the first few days or weeks

it should be possible 1o keep 2 special old pump for this work, to be
replaced by & new one when the well had reached stable conditions.

Where there was 2 seasonal variation of water level in the

R AR S DA Pty E I 1

.
.. (- f. e D e
] - a - . P e
The cost of excavation and building to low levels was comparatively small
(the outside of the pump house should be water.proofed with good cement
rendering) and by this means the pump woulrrbc self priming st high
Tevels in the tube well, while it was possible thus to Jéll witha much
greater depression of head (as much as 20 feet below the centre of the
pump). A good plan was to clectric weld the joints in the suction pipe
to avord all possihility of air leaks.
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A double advantage of such a system was thet with one tube well,
dunlicate numnine slame ae 130, 1 oa o o oo o T T
.

1 . K e P A
ot supply 1n the event of a breakdown o1 tepzirs to pump or power unit,

The accompanying sketch shewed such a plant as installed for the

potable water supply of the Barrage Township at Sukkur. It had never
£1Ven a moments trouble in the past three years

A disadvantage of deep well pumps was that in the event of a break-
down in the plant, the water supply must be stopped during repairs, or
at the best, during the removal of the defective pump and 1ts replacement
by a duplicate plant kept ready

13t was desired to avoid such stoppages 1t was necessary to have a
duplicate tube well, in add:tion to duplicate plant and this was not orly
expensive, but unless the wells were worked 1n rotation, the spare well
was hable to be found choked or full or sour water when suddenly needed
Paragraphs 10 and 14 Page 156. The gravel pipes might be jarred
from above in order to shake dewn the gravel, but a bettet plan would

 to put down a centrel agitzting rod about 3* diamefer with some
crosz pins, before the gravel was filled in. This rod could be turned from
the surface as the gravel was filled in and would shake the gravel down.
It would also probably help if the bottom of the gravel pipc was made
shehtly bell-meuthed for a foot or so as the jamming probably occurred
at the bottom of the pipe, where the soil had worked up into the gravel
efore movement started.
The attached sketch llustrated the suggestions.
« Vardon replying to the discussion said he was sorty to hear
from Mr. IR RV RN I 10N P M Vi S
N. W. Raj
P, W.D., but he . : -
of worrytothem. He said most of the comparisons in connection with the
bala watersupply had been made between the ordinary open well,
and gravel developed wells. He contended however that what applied
1 ORirell vas rop cquly epplicsble to a rge slot tobevell,

and the drop had decua;ecl and that the reason was that the finer sand
particles were drawn through the screen and pumped out, and s0 opened
out fresh channels for the flow of water into the well.

e said if anyhody was interested in the records of the Ambala
wells, he wanldhaaloden glos abiarr shas tharn s e snn sandamas sn ol 1
theepe . « 3 = . R .

een caue . - = tnat

choking must necessaruiy oceut in giaves uevivped 1arge siot serecn
where the infiltrations conditions were entirely different.
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The other point was that they had met their present requirements
at a total cost of under Rs. 10,000 from gravel developed tube wells,
whereas if they were to participate in the joint gravity scheme, they would
have to incur zn outlay of 10 lacs of rupees, V:h‘lcl] they could not a|ﬂord‘.‘

He was very much d with the ies of gravel p
wells and said that they had found another site right at Amballa Cant.
L A A O I e s

statio ' -
% n the

Milite . . well
would be tiied. i

ey ne T an o 1 .

heavily irrigated tenitory round about, and also he meant that no big
variation in stiata took place He meant that there was a certain
amount of continuity in the sand beds, they might not be horizontal or
at any well defined angles, but connected to the main source of supply,
which were the canals and therefore, were bemg sweetened with sweet
canal water, gradually washing out the impurities of the subsoil through
which it flowed into the well.

He noted that the Chairman was very very suspicious about these
large slot screen wells He wanted to pomnt out as Mr. King did that
such wells had been tried out for many years in Texas and other States in
the U. S. A., where large sums of money had been spent on other types
without success  He said that the authorities where such wells had been
sunk were so d with steady of disch that
many_cases 1t had‘ been decided to put in more. [t was new to India

DRFERIRSIIGNIE 1 [y SR 3 SR SR TR S-r S S e .

gravel well at Gujranwala. He had pumped out 1,500 cubic feet of
sand and could not get the gravel to move.

As regards Mr. Musto’s question, why they had concentrated on the
air lift pump, he said that they had used a_considerable number of these
on the Railway, but they had not restricted themselves anly to this type ;
they had quite a Jarge number of other types of pumps as well.
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EXPONENTIAL LAW OF SUBSOIL FLOW.,
By
Dr. N. K. Bose, M. Sc., P, D,

1. Experiments on the Shahpur Minor, Gujranwala and Feroze-
pore.
2. Deductions from the results—Exponential Law and Extension
of this law into a General
© 3. Application of thislaw to deduce a generalised form of Darcey's
Law—which holds only on the surface—as such the new
law is more general.
4. App}ica!ion of this law to find out the transmission constant
of soils,
Early in 1928 a series of experiments with tube wells were started on
he Shahpur Minor at Gujranwala and at Ferozepore. The object of
he experiments on the Shahpur Minor was primarily to study the be-
avior of the subsoil water-table during and after pumping from the tube
fells and mudentally to find out its radws of influence. Ferozepore
kperimental pumping was taken in hand to observe the effect of such
hmping on the subsoil water-table and to calculate the direction and
ansmission constant of flow.

[IACI "lese tube wells were worked by
. Nos 1, 2 and 3 of the water-table
L e + *"* the contours are for three separate
briods, before the ing, during ing and after p In
, the gerarsl 8- il temedasba channe s In the pre-pumping period,
ate No, . ) ' *he pumping period, plate
o. 2 ther . ' ! .t contour hnes have been

fmed back near e whe-wens uy e encet of the pumpmg and in the
er-pumping period plate No. 3 this dep}rlessmn sth:f persx;ts though

'mPIng had stoppcd for about six x m - T{:e effect o

. - .
]
Sve been drawn irom the subsoll waterstable ilselt,

i
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Ferozepore Tube wells.—Plate 4 shows an arrangement of the
Ferozepore tube wells. The data relate to the tube wellsA, B. . . .
The wells marked F. F', EE,, HH', II', JI', K K', are for fresh
experiments, These tube wells were worked by centrifugal pumps ;
and it has been found that the direction of subsoil flow turns through 30°
from 1ts normal direction of steady flow, as soon as pumping is started.

The experiments consist mamly in taking the undisturbed subsoil
water-level before any pumping was undertaken. This is denoted by H
{see Appendix I).

Then as pumping was started, the heights of the water-table at
c!ifferent disian‘ces fr::mntha pumps were noted till a steady cone of

the wat‘er-rable obtained the steady level.

. From these e;'(perimcnts it has been possible to deduce an Exponen-
tial Law of subsoil Flow which it has been found holds more generally
than Darcey's Law, viz:

v = Kl~l
1
R VRN TR SUCARIY ' IS LRSI ic-head bet-
these points
on constant.
| IO L TR S N |

+ holds only on the surface of the
n to its apphcability to general
) + sve this limitation and to find out
a law which would be more generally applicable that the tube well data
were examined.

The water-levels for each pipe were tabulated as shown in appendiz

. H
and the quantity log H—Zo was calculated assuming for Z, the

PSS [N IR I 17 R4 e 9 and
a series o
H-
beey, = -2 -1y ®
Now if H~Z, = s, and
H—-Z =3
we get = ’oe—)‘(t—t") W

where s and 5, are the depths of the water profile, (or as usually understood

the draw down curve) from the equilibrium level of the subsoil water at
times tand to.
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Tl\e. curves A, B, C,D . .. give the profiles of the subsoil water-table
at different periods ; A is the steady natural water surface; D at time t,,

at tand so on.
AD=H-Zo=s,
AC=H-Z=3s

The abave relation () or (1), it will be seen, holds generally for all
the tube wells at the Shahpur Minor as well as at Ferozepore, and for all
observation pipes irrespective of their distance from the pumps. Of
course the factor A is different forthe experiments at the Shahpur Minor
and at Ferozepore. This is what we should expect. This factor A will
be shown later to be a function of K the transmission constant of the sojl
(see equation ix).

To oM Coie € M Lp e 23 alis stmmsiome fome h2n B _amat 7
relation, - - — -
Before am 1 s-- == <€ sla aboca pmcmmrm et mlas®s 3
substitution wi .
cally the flow

a very viscuou A
correctness of the deduction drawn from 1.
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The heights of water found in the observation pipes record the hy-
draulic pressures at the points in the soil at which the strainer points end.
Hence though they might not record the actual watertable this being
the case at Gujranwala where the watertable is in a clay layer—they record
Hydraulic-Pressure-Head at the points which has been shown in a
memoir of the Irrigation R h Lat qui to ¢ Asthe
observation pipes tap different points in the soil, this experimental rela-
tion holds for all points in the fluid. So that we get universally for the
fluid medium,

o= g M0 . )

The stream function ¢ which is a conjugate function to ¢ will
therefore satisfy
R i . @
Before we proceed any further it will be well if the two quantities
and ¥ were defined more fully, Hydrodynamically we have the fol-
lowing relations between the velocities u, v, w and

B 8, At e (
y=— =gt ¢ =—u e (=t (5)
— A=)
v=—F==1u ©
— A (t—1,)
w=—5r=—uy e =t )]

Accordingly u, v, wthe velocity components along the three axes
will also vary as ¢ * (1)

The direction of flow at any point on the surface ¢ == constant will
always tend to be perpendrcular to the surface. These lines of flow—
orthogonal to the  lines—are known as ¥ lines. .

ghus we bave the two curves ¢ and ¢ cutting each other at right
angles.

In the case of subsoil flow it will be seen that ¢ curves are jdenti

: tical
with the curves of equal hydraulic-head. # curves aro dentica

Stokes equations of Motion of viscous fluid are the following :—
du du u u 1§

gtueyg t vy te = X—;— §§+rv’u -8
b %l . & 1 % :
Frug + v 6y+"’ &= Y—~7 Ty+vv’v A9
L
P

dw dw - dw 3
ET+“?;+"'EZ"'”’8—;=Z— syt rv e .10

& 3 dip
and 5 + 5 F 5 =0 )
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. P . .
is the equation of continuity, where ¥ = 5 is known as kinematic
viscosity,
. . u_fu

When the motion is very small, so that the inertia terms 5.~

efc., can be neglected and the external force 1s only gravity we have,
X=Y=0,andZ=¢

and the above equations (8) (9) and (10) reduce to

1 2 1 &

v oa=— o R tVE (12)

13 I3
EER et A A 13

13 1§
< CT;D = -%‘ - ﬁ + Vi 14

The above equations can also be written in the following form :—

1 & 1 2 <
7 E‘; == p %% (p—gp2) + Vi . (13)
1 & 3
PR —— oy et VR 0

B 1 ]
v T'f == &5 b—gpa) + Vo (1D

because (g p 2) bemg a constant quanmy with respect to xand y,
% (2e2nd Ey (¢p2) vanishand 5z (gpz) reducestog p.

Now from equation (5)

¢ = we —ME—E)
?{":—,\u e—)\(‘—t")ﬁ_)‘” «(18)
o

Substituting this in (15) we get.

1 8
-~ {:’u=-— % Gh—ged T Vi
(v* +adu= L g2 9

A
where et = T,
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Similarly we get

(V2 + o) v

18

O ylb—ee) . (20
|

(V2+a) w=  Flb—ge2 ..o (20

Now differentiating {19) (20) and (21) with respect to x, yandz
respectively we get

3 I a2

(V® +a¥ sj:‘=7 3 b—gp2)
1) 1 32

(V2+ah) po=7 5 o=z 2
1 2

(V2 4+at) 5y =% 33b—gp2

Adding these we get

é 3, & 1
(V2 + & Gt g+ 50) =3 V2 g0 2)

Now from equation (11} we have, for continuity,

by | d, w
g+3~y—+6—z-—o
so that vip—gpz) =° . 22
1 3 -
Now u= 5 5 (b=zed

1‘: a particular solution of (19) for, by substituting this in the latter we
ave .

1 3 1
(V?+ e 55, 7 (p—gpz)= ,T(p—gp 2)

1 3
or g8y H-Vih—grd + LT, (p gpz)—,;g(p—gpz)
which is an ldenmy by (22) Thus we get as a particular solutions
of the differential Equations (19) (20) and (21)

- B

YEEOE b—gea) . @
1 3

vEDR iy p—gpz oo (29
JELEY )

w="Ta% & p—gpz {25)

These expressions give the most general formulae for subsoll veloci-
ties.
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The differential form of Darcy's law
¢
uw=K73-

can easily be deduced from these. On the free surface we have b= cons.
so that from (23) we get

|
u = Gig s7(~gp2)
-
T T % x
8z
=ty

. Thus Darcy's Law holds only on the free surface and confines
itself only to the horizontal components of the subsail velocity,

In conclusion the paper may be summed up with the following
remarks, It is the Exponential law
—A(t—1,).
s=soe

which is really the fund tal fon in subsoil hydraulics ;
all other relations such as the above equations (23) (24) and (25) or the
Darcy’s relation can be deduced from it mathematically.
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APPENDIX.

These data are collected from of water-levels after
pumping had been stopped. Those water-levels (z) have been generally
considered that were observed after sometime had elapsed since the
pumps were stopped, as it was found that the water-leve] records were
rather very irregular just after the cessation of pumping. The height of
the natural water-surface, H, was taken that steady value of the water~
surface which was observed just before pumping started or about
a fortnight after it stopped, if they agreed among themselves, but if
they varied very much the latter data only was considered. It was
found that they differed when there was a general upward tendency of
the water-level before the pumping started.

Well levels on the Shahpur Minor Gujranwala Tube Well A, 2-29.

H = 73495 feet.

Interval ! |
since
Date. pump- | Time. \ Z° | H-Z llog IQ(H-Z)]logH:_—Z
ing | H—Zo
ceased. | ‘
2-2-29 ‘ 3 hours| 8p.m. | 7340 | 095 —022 -
3229 5, |8am, | 73425| 070 | —I55 | —133
3229 .27, 8pm. 73445 030 —301 ~—279
4.2-29 . .k}? . 8am | 73457 | 038 —420 —398
4.2-29 ..’51 . | 8p.m, 5 73465 | 030 —523 —~501
5.229 ..'63 ,,|8am. ;73473 022 —'658 —636
5.2-29 .:75 .| 8pm. 73478| 017 —770 —748
6.2-29 .87 ,[8am. | 73483 012 —921 —899
6-2-29 --‘99 w|8pm. | 73487 | 008 |—1097 —1075
H—Z
ﬂ——Z°=° —A (=)
H-Z
Log, gz, =~ &)
) H—2Z I H—~Z
A= 8¢ H—Z ._ B10H—Z,
= (t—t, ) x 43
g%
from plate No, 5. = 74%.'43 = ‘025 where unit of time is hour.

=7 x1075" inF. G. S, units.

¥Note—0'8 is taken off the curve A 2 29 Gujranwah, t—t, = 74, Ais
obviously the slope of this curve.
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Well levels near Ferozepore A.1°29.

H=1635%
Time interva' = 24 hours.
H~Z
Z H—Z Log(H—2log H—Z,

63537 1 IR
N —120

52 47 672
) 287

o7 32 505
N 1361

72 27 431
k —412

75 24 1380
— 450

i 2 132
79 7301 o

. . .

0 ! —562

82 . 230
17 123 -

87 12 1079
- — 425

" Mean of log g:%
Standard deviation ¢ =

A= FEceA3x6OXE0% 24

log H—Zo = 1792

1792
230
=562

Sigmficant

-165 where the interval is 24 hours.
7 inF.G.S.

— 025% 107> inF.G.S.

H-Zo

t=t,= A}ng H—Z

1 H—Zo

}"zl—j_—‘;xlog H=Z
o o x 043,
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Ferozepore Aa, 1'29,

H=163590

Time interval =24 hours,

Z  H-Z log(H-Z)log ::Z
63530 60 T778
%0 50 w T
55 45 w2
0 0 oy
65 2% 38 0
“« 23 s N6
70 2 a7
7 5 e 2
—664

77 hE] 114

Mg O

-5 .
56X 4 X 60 X 60 X 43 in seconds
= 025 x 175 uF.Gs,
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Ferozepore Bx, 1'29.

H = 636'60.

Time interval = 24 hours.

7 HZ lgH-D ¢ (1) legpiE

H-Z,

63618 042 T623 ty
28 32 505 1 t,1 —0118
38 2 342 2 t,2 =028
] 301 3 ty3 —0322
40 ‘20 *301 4 t, 4 0322
43 7 230 5 ty5  ~—0393
46 ‘14 *141 6 0482
*48 ‘12 079 7 =054
52 ‘08 2903 8 =072

A= 025 x 103 F. G.S. units.
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Ferozepore Bx ; 1°29,
H= 63620.
Time interval=24 hours.
H—Z
z H-Z  log(H-2) log 7 t—t
H—z, .
63588 32 1505
63598 2 1342 —0'163 1.
636°03 7 230 —0275 2
63603 7 1:230 —0275 3
636°05 ‘15 176 —0'329 4
63608 ‘12 079 —~0426 5
63608 ‘12 079 —~0426 6
636710 10 000 —0'505 7
636'13 07 2845 —0°660 8

A=025x 10-5F.G.S.
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DISCUSSION.
in introducing the paper to the audience Dr. Bose made the fol-
lowing remarks :—
Ind ing the problems of subsoil hyd: frequent references

t';.Darcy's law have been made. Some have even expressed it as
ing:—

v=K g,
For a true appreciation of this paper 1t was essential briefly to review
Darcy's Law, with its scope and hmtations.

In 1856 H, Darcy carried out a series of experiment in order to find
out some empincal relation for the flow of water in a porous medium
hke the sal,

e

h
A

‘s

| USAND FILLING

The above diagram illustrated the nature of his experiments. There
Was an arrangement for keeping the water Jevel constant at the upstream
Anld downstream tanks ; there was also a device for measuring the total
volume of flow, So that knowing the discharge per second and the
Egn;nal area, a value for the average velocity could be calculated. Noting
s for different values of head **h ™" Darcy found that
h

o
where v was the average velocity, Q the discharge A th i
at area, h the loss in head ando 1 the total length of sand, @ cross section

The limitation of this Law was ap, i ionshi
parent, This rela
been deduced only from horizontal flow; and as suc'l: o":u!gc::;’;zp};ﬁ?
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SEGRPRUPIRY JR 8

to laminar flow in horizontal dwection == b-==-wrs1 =
flow; the other components being i
law, The same relationship was dec . E - .
in the Annual Report of the United States Geological Survey by geometri-
cal treatment of the problem of capillary flow in a porous medium. He
put it in the form
d 2
v =771 § ] cms per sec.

where d was the average diameter of the soil particles, j the slope h and
i 1

k a constant which depended on the degree of packing,

{t was in order to do away with this serious limitation of Darcy's law
that the tube well data were collected and analysed. Darcy's law strictly
speaking was simply

h
v =KT71
and the idea of putting this 1n the differential form
dh
v=Kgj
was more a result of i 1 p ion than of 1 I research

or mathematical analysis.

Tho aynnnantal oy af bl aanar sme A faenestal fn £ oo

restricted to the horizontal nor to the free surface. Since any point
had been taken m the body of the liquid for deducing this law, its appli-
cation was general through out the liquid without directional or dimen-
sional limitations.

With these remarks the Author intreduced his paper,

Mr.Khosla in opening the discussion expressed the
Dr. Bose's paper was a mast imp ibution to a
subsoil hydraulics. The general equation of flow worked out by the
author at the end of his paper must be taken as a fundamental equation
and not merely as a generalisation of the well known Darcy's law. Dr.
Bose in }3§s introductory remarks had already brought out the limitation

ded heref In brief, Darcy’s

opinion that
krowledge of

of Darcy's ts and
experiments related only to horizontal flow between parallel planes and

therefore, strictly speaking his relation v =K T could not be applied

beyond the limits of his experiments. Darcy’s pressure gradient line had
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one definite slope and connoted a constant velocity and therefore a con-
stant  discharge under any one set of experiments. Its application to
conditions of varying rate of change of pressure or of flow in any but
the hor: 1 d, had no justifi erther 1n theory or from
experimental data. Dr Bose's equation gave the necessary justification.
It would therefore not be out of place to name this most important and
fundamental equation as the " Bose Law.” The application of this
theory to the various engineering problems dealt with in the speaker’s
paper and to the fresh problems introduced in the discussions thereon
by Messrs, Hugh and Montagu had been fully dealt with by the speaker
in his reples to their eritieism

The mathematical treatment was based on aclua1. observations, the
enly sub bemg his repl hydrody lly of the flow
of water in a porous medium by the flow of a very viscuous fluid, The

deductions justified this substitutions,

Dr. Bose had dealt with the theory of subsail flow in general and
from there he had deduced the particular Jaw of Darey for the free sur-
ace. In this connection it might be mentioned that the filter points of
the observation pipes were fixed some distance below the surface. The
observations recorded the pressures at those points, During the observa-
tions those points remained unchanged so that the rise of water level in
the pipes was entiely due to the period of time hetween the variaus
sets of observations Thus the § jon was a true rey ion of
the condition of flow at any point in the body mass, As such, the
treatment was general and the conditions of the free surface were only a
particular case

The recuperation curves of page 175 which formed the basis of Dr.
Bose’e avnanant’sllas ot cmsndalo . . 1 D R
spea . .
leve . .
pon.
sure

The Author of the paper '-1 ' * sm o et St
to the engineering profession, " ’
by producing a general equatic " .
blems of water-logging and pumping, snd to those governing the stabi.
lity of structures in saturated soils. ~ Dr, Bose’s law,_was of world-wide
importance as it was the first general mathematical deduction of this
subject, and was based upon a series of reliable experimental rcsu!!s.
ile tion () was the fund | equation, called the ]
law of subsoil hydraulics, the equatjons, 23, 24 and 23 gave the general
equations of subsoil velocities which were the main concern of the
engineer.
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NOTATION.

Cross sectional area of a stream.
Widths of crest.

Empiric constants,

Gauge reading (above crest level),
Gravity constant,

True head acting (i.e., total energy expressed
in feet head of water) at downstream edge
of Weir crest,

A loss of head between gauge site and down-
stream edge of crest,
A constant v/gx (%) ‘:‘
=3'03380....
Hydraulic mean depth

. Total discharge in cusecs
. Velocity : V/a velocity of approach.
. Wetted perimeter.
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ENERGY LOSSES OVER LONG CRESTED WEIRS

By Messgs. J. D. H. Beororo & A. M. R. Montacu.

. The theoretical discharge over a long crested semi-modular Weir
is given by the formula

3

Q=KxBxH?
where Q is the discharge

K 1s a constant.
B is a width of the weir.
H s a head acting.

2. Some of these terms will repay a brief examination.

The theoretical value of the constant K is Vg, X (ga 3’iand is of
course a true constant in the same sense that “g "or "¢ are true
constants  Its appriximate value is 3.08880....and in this paper K
invariably represents this value. o

e *“ head acting " H1s the total energy expressed in * feet
head of water " and 13 the summation of the depth, velocity, pressure
energies. This ** head "’ should be measured at the down stream edge
of the wetr crest where alone the minimum energy can exist.

L T R t

ate va e tha etvanmlman sl it

down stream crest. " " .

In this paper the real or “true ™ head acting at the down stream
crest is designated by H.

In practice © ~

stream to be clear ¢ - t
water surface. In
it is the purpose of
to exist between G and H.

F T R O i I R | e, -d.a

N - v or,

The formula then becomes

Q=CxKxBxG3/'

This co-efficient C may vary from 06 to 09999 depending on the

of each indwidual ease.

7. The best work on the subject which is readily available to officers
of the Punjab Irrigation is that of Mr. Fane in his paper No. 110 read
before this Congress in 1927 and that of Mr. Inglis of the Bombay
Irrigation Research Circle.  In both cases, a series of curves have been
drawn giving the value of (C x K} plotted for various ** drowning
ratios ™ and widths of weir,
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NOTATION.

Cross sectional area of a stream,
Widths of crest.

Empiric constants,

Gauge reading (above crest level),
Gravity constant,

True head acting (r.c., total energy expressed
in fee§ head of water) at downstream edge
of Weir crest.

. A loss of head between gauge site and down-

stream edge of crest,

. A constant vgx (§) ':'

=3'08880.... i
Hydraulic mean depth

. Total discharge in cusecs
. Velocity : V/a velocity of approach.
. Wetted perimeter,
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13, Most of the hydraulic flow formulee are related to the hydraulic
mean depth M, and the enquines of the Authors lead to a belief that the
phenomena under investigation were sumilarly related.

M, hydraultc mean depth

== A (Cross sectional area)

WP, {wetted perimeter)
. But how to obtain the average of these quantittes between the gauge
site and the downstream crest of the werr ?

14, In what follows, the Authors freely admit the consequences
of approximation, based on the theoretical assumption, the results of
which now to be discussed, are themselves the justification of the

method adopted.
It is known ‘ha o ‘ " ot Toorl eceals et Du]d bc
j of the true head. ** " ' Y126 of

1929) clearly indicat o nearly
accurate to assume that the average depth ovrr.thc weir crest is § the true
head, and to continue the calculations on  this basis

15, From the true head H, derived as per para. 12 the depth, area,
wetted perimeter and M were all calculated simply enough on this
assumption,

Various quantities were plotted one sgainst another, some of which
revealed experimental errors which had to be corrected subsequently.

At last the following curve was traced :—

Vertically the hydraulic mean depth.

Horizontally the percentage loss of head, viz :—

x 100

This curve is now presented.

It will not be denied that the points plotted hercon indicate some
relation: a relation whxch. is the more remarkable in view of
the ad pproxi d leul of M (vide para. 14),

From this curve the authors submit the following deductions :—

() All the observations lie very approximately on one curve
which is independent of discharge, or of the ratio of H (or
G) to B of the weir.

In this respect, alone, the curve indicates a great advance over ail
other experiments of this nature.

(i) The discharge, through the hydraulic mean depth, selects
the region of the_curve and automatically takes care of the
ratio of H(or GYto B of the weir. This is also an

advance,
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(i) It cannot be said to what extent the material of the weir will

affect the results. This is matter for further experiment.

(iv) As M falls, the % loss increases: when M is small, the % loss

increases rapidly.

This indicates that for small discharges smoothness of weir and
material is of first importance and that a portion of the losses is of the
nature of a constant, possibly dependent on the distance of the gauge site
ahove the weir.

() As M increases the % loss falls. When M is big, the % loss
decreases very slowly indeed.

This indicates that for large discharges friction is of less importance
than curvature. At the worst, the * Curvature * can only be the worst
possible, and the loss 1n that case a maximum, For large discharges
this © ~ 1 memans ta b foalo CLCLLL 1 €ty t.

‘ . experi-

ments on a large scale are clearly desirable

LT3 o B L LA T Lot fa,

mental channel at the head, The maximum.cie;nh of water on crest
was taken tobe 475 fe. t and the length of crest built, 4'75 X 3 fet =
1425 feet. Actually the greatest depth obtained on the crest did not
exceed 4 0 approximately.

17 ot o . d
7. . . xperiments were made
was 6°25 . walls were dismantled
and rebwl - e walls being the same

for all expeiunens. 1ne noor was made truly horizontal with cement
plaster and the width between side walls were made accurate in all cases
with cement plaster ; the largest variation 1n width on the whole lensth
of side walls did not exceed 008 feet.

18. All gauge readings were donc by means of telescopes The
water passing _over the flume was accurately measured in a pacca tan
that had previously been calibrated. A two way water switch existet
downstream of the weir 5o that water could be switched into or out of
the masonry tank. Stx sets of experiments were carried out for width ©
flume as follows :—

625,35, 22, I'5°, I'Y, 5%,

19. The results of the experiments are given in tabular form in
the statements attached,

Signed for Messrs. [ D. H. Bedford and A. M. R. Montagu.

A. M. R. MONTACU,
29th November 1929.
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B=625'
Hype Qo
BRI 193
G a lH:l. H ! HL % [ H BWE}=HBA:H MA=
e + x3H-A
o x100 | HHEEH g
1813 | 44912| 2377 176 0057 325| 117 | 859 [ 7312 085
V5% | 349641 1oz 1485 0051 ) 3434 0%0| 83 6187, 072
1321 28169 146 128, 0046 358 | 0857] 7964| 5356 oz
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B=35
Hh=_9 __Q
Py Pt )
_ H —
H L
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G B+‘ H
=C—H| o l- me
247 38ta4| 353 | 232 | 0087| 375 | ¥S4T| 65%4[4in gy
2133 31745 | 2936 | 205 | 0083 | 405 | 1367 ezzqm' e
V868 | 25898 | 2306 | 1'79 | 0078| 436 | V193] 58 m; , 5%
16455] 20359 | 176, (54| 0069 438 | 108 sssipmros
)
43 | o7 —
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- 00| 4 5 —_—
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0621 | 45| oaw| ossi| 0w 633 | O] amT o
AL
uml toi3| o7 | oms| 0033|1048 | o200 ”mltrm red
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B=22
H =
6 bafmn|w | |2 palwpean W
o =c—n| H | $H BH4H B gH)-gr
%100

2980 | 3259] 4790 zw[ 0140] 493 1894| 599 [417 [oe%

2572| 34| 3875| 2470 | 0102 413 | 1646| 549 | %62| 069

Zz345) 2292] 3370| 2290| 005! 469 1490 | 518 | 328 0633

2133 | 1975 2905‘ 2040 | 0093 456 1360 | 492 | 299| 0609

1850 159 2350, l7ss< 0085 | 482 | 1176 | 455 [ 259 0509

1533 | 1205] 1722| Va6 | ooes | 464 | 0976 | 415 | 215 05

0318 225| 0331 01| oo | 814 | 0319 284 | o703 028
3418 4107| 60| 3350 | 01| 382 | 2230| wes 491 | 070
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DISCUSSION.

Mr. Bedford, in introducing the paper, sard that 1t might be as well
to explain 1n a few words the reasons that led to the experiments and the
httle paper  He said that before he took over the Upper Bari Doab
Circle there was a scheme for measuring the absorption losses in the
Main Canal  The Main Canal had several rapids which at a small ex-
penditure of money could be converted nto a long crested weir.

It, however, seemed to him to be essential to know with accuracy
3
the co-cffictent that could be apphed to the formula D=CLH /s
before they could hope to obtamn any results from the bigger problem of
absorption losses in the Man Line.

It was then with this object that the experiments placed Eefore the
Congtess were carried out. The results, however, immediately showed
that 1t was not possible to apply any co-efficients obtained from the
experiments directly to the formulae for weirs in the Main Canal with
a maximum discharge of 6,750 cusecs  He said that while he was study-
ing the n Dalh r. M h d to drop in,
and on his showing him the results of the experiments Mr. Montagu
very kindly suggested the line of attack, and they spent the next few days
in producing the small paper.

Mr. Montagy as joint author of the paper first thanked Mr. Bedford
for so kindly allowing him to associate himself with the paper, It was
an extremely small paper. He deduced no law, but merely endeavoured
to show from the dita supplied by Mr. Bedford that it was possible to
produce one curve for all the varying co-efR:ents for varying bedwidths
and depths of crest. Hitherto it had been customary to vary the co-
efficient itself; he had given his reasons for not following this process.
He pointed out that the curve did not apply to all weirs but merely
indicated a line of attack. If other things could be deduced from the
method of treatment, so much the better, but he had not attempted to do
so,

Mr. Inglis remarked that there was very much in the paper with
which he was in entire agreement. He agreed that if the velocity is

assumed to be - at all points in the section then the minimum
energy must be downstream end of the crest, which in that case
is the control in the sense that any modification of this section
would have - "1 e I however, the velocity is taken
to vary from . ' to cunvature caused by
friction and y the case—then there is an

enfurced * the throat,
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Figure | shows an exaggerated plan show.ing the eﬂec!_ive throat
width B, which in practice is the control section ; the portion below
B acting merely as an expansion

}- 7 gy —

4
»

V7

This 1s the reason why n practice it 1s the co-efficient that varies
while the exponent remains constant within the working range. It also
explains why the range of modulanty increases as the width decreases for
any particular depth of water—as clearly shown in these evperiments
when they are plotted on log paper. There was, he thought, no ques-
tion that if we had two flumes which were dynamically similar, the loss
would be a function of the hydraulic mean depth, and would hear an
inverse ratio of the %/ power of their hydravlic mean depths. It
was unreasonable to suppose, however, that a small flume flowing at full

ok = mnat Lot brgtan the € 1 ol doosl 23 -
supply - + . - e
(withR " . e .
design . .

of the flume was a constant and that this length was very great relative
to the depth of water. His opinion was that the full supply coefficient
could best be worked out on the basis of hydraulic mean depth,
but that as we could not vary curvatures with depths, the effect of varia-
tions in friction, shock and eddies could not be eliminated—in other
words working entirely on Hydraulic Mean Depth would lead to error.
On the other hand flumes could be designed in which the discharge
varied as H >/t within the working range with a negligible error, and
he thought that such a_flume was what we required in practice In
this connection his experiecnce was that Mr. Crump's flumes fulfille

all the conditions .desired provided the width relative to the depth
was nol foo greal, In Technical Paper No 15 of the Bombay Public

\
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\Vqu: Department 1t was suggested that B=D I5 was ahout the correct
ratio

Further experiments with Humes of vatymg lengths and radi were
now required to clear up the question

Mr. Jaglis cons'dered that the Paper had not merely led to the
theoretical side of the question being cleared up but had also shown that
there was a modular range depending on the bed width-depth ratio
and that with some further expenments, preferably on Mr Crump's
standard design, it would be possible to predict the co-efficient with a
high degree of accuracy

Mr. Burkitt remarked that he hadworked out a fewof Mr. Montagu'a
and Mr. Bedford's examples and had found that the loss of head could
be treated simply as friction head with N= 013 in Manning’s formuls.

Mr. Lacey said that the authots were to be congratulated on pre-
senting withm the limits of a very modest paper much valuable infor-
mationn  The method of dealing with the loss of energy between the gauge
site and the downstream edge of the crest was rational and ingenious.
It was stated in the paper that various quantities were plotted against
ane another and that finally the authors it on the plan of plotting the
hydraulic mean depth agamst the percentage loss of head, both to a natural
scale. The curve in question was printed as a plate accompanying the
paper and appeared to average the points fairly successfully. ~Of this
curve the authors remarked that the points plotted indicated an undeni-
able relation, and with this statement the speaker was in entire agreement.
Had the authors tried a ‘log " platting, a course of action which should
never be omitted, they would have obtained the folk i hi
which the speaker had discovered namely :—

H[_== 03 HR 3. and when the channel is of infinite breadth

—~ i3
HL 0393 H

This curve it would be found fitted the pomts with considerable

accuracy,

Mr Lacey concluded by saying that in A case Iike this when an
exponential curve should be sought, the use of ‘ log * paper was the more
imperative ; of course in this instance, as the authors had pointed out,
the loss was composite and due to three sources; nevertheless, a log

lot might show which source was predominant, and also indicate on what
ines any further attempts at analysis of the data should proceed.

Mr. Ishar Das said that after reading the paper, his first thought
was that the hydraulic mean depth, which for ages was not so important
in determining velocities and discharges, had again come into promi-
nence.

He said that knowing the head available we could plot M from
the curve and desiga the dil jons of a fums dingly. He was
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of opinion that it was desirable to abandon the idea of making H a func-
tion to detetmine throat widths, approaches etc, for designing flumes
and to launch an effort to make a flume which would give directly on a
gauge the loss of head This was, however, a matter for research,

Coming to the critical side of his study of this interesting paper,
he offered the following remarks .~—

1. The conclusions of the authors were based on the curve they
had drawn and given at the end of the paper.

2. A parabolic curve when plotted on loganthmic paper gave 2
straight line the equation of this being in the form

y=mXn
the tangent of the slope of the line was equal to the exponent n and the
intercept on the y axis was equal to m

3. He presented a plotting on logarithmic paper of the data of the
authors’ curve Three lines have been drawn, one corresponding to
flume widths of 625, the second to widths of 35 and the third to the
remaining four widths ranging from 22 to 05.

4, All these lines were parallel indicating that the curves represent-
ed by the straight lines were of the same family,

d5-5 In each of the lines there was a kink between values of M of 4
and "

6. The upper part of the lines if produced would meet the y ordi-
nate at n= 13, showing that at that value of m the loss of head was nil
and that still further up thers wenld ha s eain  Thuq ue 1 oci Lo ocvennt

. Probably if there were e
would be more kinks .
(i, for wilths of 0 5) 1 .

7. Genenlly in our designs values of M ranged from about 1 to 4.
X‘nlrefore more experiments were needed to cover this range and establish
a2 law.

8 The 1nflzence of silt on the flow had also to be considered.
He firmly believed that silt accelerated the flow up to a certain limit
By this he ment that the same  gauge would give different discharges
for clear and' silted water. Accepting this, the loss of head in the same
would be different for water of different silt charge

.9. He thought it possible that the kinks might be due to faulty
design  He was .hopeful that a design might be evolved which would
eliminate these kinks and thus establish a straightforward law.

10. He wished to thank the authors for presenting this interesting
and sagzestive pioer which opened up & fresh line of research,

Me Mithal neaqansad RE

-, e W e e e e, . -
decreastd 1 he authors should theretore have not drawn a mean curve.
applicable to all values of B, under such circumstances.

\

\
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He also eriticised the values of B=2'2, which he considered to be
erroncous  He instanced the two values:—

M="715, % L=5.03
M="442, % L=5.04
and enquired whether it meant that the loss between these two values of
M was to be taken as 5 % only
He enguired if account was taken of the htad loss in the channel
between the gauging section and the flume
Mer. K R Sharma said that the correct formula of discharge for a
rectangular notch was

I 3
Q=v3icvI:BH 2

where C is a constant which takes care of the practical errors in the

formula.

The theoretical value of the constant m the above formula neglects
friction and assumes a depth of § H on the crest.

He objected to the assumption that the average depth on the crest
18 23rd H. He instanced the meter flume at R. D. 10,000 Northern
Branch, Lower 16-tem Panal ~f wlick sba 1 ORI i
out to 305, . . .. o
to the beginair . .
found to be ( ’ '

He quoted other cases wherein the co-efficient of discharge was found
to increxse with the rise 1n gauge owing to reduction of afffux. He
concluded that the hole in the experimental flume was very near to the
contraction,

The meter flume at R, D. 10,000 of Northern Branch Lower Jhelum
Canal was calibrated in the month of January 1929 when canal water
was clear, It had been found that when muddy water comes there was
excess in the canal with the same meter gauge. The gauges downstream

eabaenn nn T

A Caieve un

this point if it was observed by them.

There were three pomnts which were not clear to him in the working
of this meter and he requested the authors of the paper to throw light
on them.,

(1) Loss of head in_afflux upstream and entry was 2 loss in the
structure of the flume. Should the gauge measure the loss of head in
afflax on entry? How could it be allowed for in the co-efficient of dis.
charge ?

(2) Would it not be possible to do away with the w
of head in approach to the crest moecessary loss
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(3} Although the ideal eonditions of flaw were nat available at the
ctest and the denths at the ead of the crest were conziderably less than
213¢d hut still the mater wae workinz with a good co-efficent as much as
305

Mer., Colyer hriefly reviewed the growth of the free fall formulz and
stated that the cantrol section was azsumed to be at the paint of contra-
flexure of the water surface, i.e., at the pomt wheze parallel Bow occurred.

The death at this point was 2/3 H.  He failed to follow the authors
;1 working bick from the discharge ta ohtain H the depth aver the crest,
and disputed that the head acting should he measured at the downstream
arest of the weir.

Certain other questions aroze n hus muind on reading the paper.
For instanee 1n paragraph !5 (1) he failed to see why the co-efficient was
independent of the discharze which of itself was 2 function of M the
hydraulic mean depth

Mr Calyer then quated a number of abservatians of his own, used
to obtain the co-effiient for vanous werrs, which he found, were in close

with the losses indicated by the author's curves

Mr Khosla remarked that Vlessrs Bedford and Montagu  had
made an imaortint contriiution w wiraducing hydrauke mean radius
M) in the discharge caleulstions aver long  crested werrs.

He sud that he had drawn attention in 1929 1 connection with M.
Mbntazu's piper to the efest of bed-width depth ratio on the co-eff-
et of discharge  That effect was fully covered by the H. M. R. (M)
now introduced by Mr Montagu.

He sud that the data supplied by Vlessrs. Bedford and Montazu
did not however cover a suffzrently wide ranze The H. M R. of the
experiments did not go beyond 09

In rezird to the curve of percentaze loss of head, he remarked that
there seem=d to be a1 indication that the results for the vanous widths
formad seprate curves by themselves. Thus, for instance, all points for
6 25 were tathe cxtreme left of the rmean curve, and all points for 05 wi
were to the extreme right.  Fer intermediate widths the points lay between
the two extremes and  generally followed the order of fume widths.
Taking z concrete case:

For B=625m =013 loss % = 873

For B =03 m=0179 loss %5 =117 .
or the percentyze logs for the s1me value of m was less for 2 wider Bume
than for s nwrawer flams  Me Moataza's deductin No. (1) was there-
fare open to question. His deduction No (i) was ot quite clear to him
H- requested Me. Montagn to please explin Further.

Me. Khaslz avid thae 3Mr Maatizs's 1nvestization was an advance
11 the rizht directinn, 21d perhaps Mr. Mantags would pursae it further
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oxaveaedaby oo L= shes oo dese e £ the effect of B really persist-

. find out a simple formula for
Mr. Musto said that he thoroughly agreed with the authors’ con-
clusions as given in paragraph 8 of their paper. From this arose the
difficulty of selecting co-efficients when designing new works  Referring
to } iv) he d that this increase of percentage loss
as M falls might rather indicate the great effect of side friction, He
Tmetemasdell oy fa o clocncls ool ) feet deep having bed widths of
- 1¢ values of M for these would be

Either there was something wrong with the formula for M and too
much weight was given to the depth (side slopes) in the denominator,
or it was evident that side friction or restriction played a far greater part
than bed friction, on all problems of flow  He suggested that this should
be verified by experiment ; for example, on test channels of equal depth,
one having 10 times the width of the other to ascertan whether the dis-
charges of each varied directly with ther H. M. D.

He further suggested testing the effect of slopmng the sides of the
B Vs AT 1.1 L

chan--' 1 Cnne o wavbinal eidad abamall iepe el
great . surface
and streams,

and to spiral action %in the bottom angles It would' be an easy matter to
carry out tests on two such channels having practically the same value
of M.

Mr. Montagu in replying to the discussion, opened with the re-
mark that most of his cnitics apparently accepted the logical nature of the
method of attack suggested in the paper and then proceeded to explore
the implications, It was with a view to avording this very thing that
the authors had confined themsleves to mndicating the logical reasons for
their method and depicting the results in the form of one simple curve

2 The Authors now felt bound to follow up the lead given by their
critics, and theie general reply, which followed, covered most of the
points rais

If a " Long crested " weir had tnfimte length, no critical section
would form ; in fact if the weir surface were horizental, no flow could
take place

If the weir were merely very long, the surface of the water wauld
be nearly honzontal (actual slope being determined by friction), and the
depth would, of course, be penlously near the cnitical depth untjl the
downstream crest of the weir was approaches

3, (Mr Montagu produced diagram 11].)

As the weir became shorter in length the distance between normal
flow upstream and the critical section became shorter and therefore
curvature (and its effects) became more pranounced. /
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_ The curvatures of the weir approach and departure also became
important, as the weir shortened, If the approaches were perfect then
the length of weir crest could be reduced, theoretically to zero.

4, Referring to diagram 111, the author went on to point out that
over the flat weir crest the total energy line had a downward slope (due
to friction). Over the glacis the total energy line still had a downward
slope, but owing to the greater slope of the glacis, diverged therefrom.
T T T = amese B e sharefore existed at the downstream crest.

This point had been dealt with very
. ' i ) 1929 paper.

5. 1t did not follow that the critical depth occurred here ; only the
critical or minimum energy. As soon as curvature of the stream lines
existed, Bernouilli’s theorem as ordinarily stated no longer applied
A redistribution of the energies took place and resulted in a change in
the relation of velocity, pressure and potential energies, which caused
a change in depth. -

that the value of the critical, i.e., energy
at the original figure. K

6. This brought them directly to the first point made by Mr.
Inglis. This might be restated as follows :—

** If the curvature of the boundary was such that the water could
not follow it, then the water constructed its own approach curves, and
virtually a new boundary.” If Mr Inglis agreed to this the author
freely ~admitted that a * forced * control section would immediately
come into existance which probably would differ from that postulated by
the author,  If such really did take place, then one of the prime conditions
of the problem no longer existed, and the actual downstream crest of the
weir no longer formed the control section. But this did not vitiate the
author's argument. It merely instanced a case in which circumstances
prevented the wvirlual crest being known.

7. Although Mr. Inglis’ sketch is in plan only, the departure
of the stream lines from the hed surface of the weir inight be postulated
also (viz. in section).

In their present state of knowledge of the cffects of curvature, a
weir so constructed was not a reliable meter, because neither H nor
could be measured or otherwise determined.

Fortunately for the author, both Mr. Inglis (Bombay) and Mr.
Lacey (U. P.) had insisted upon the author sitting down and plotting
the results on double loganthmic paper and had been good enough to
discuss the results so obtained. Had the Author heen left to himself,
he had no hesitation in stating that what he would now place before
them wyu]d have taken far longer to arrive at,

Here the author produced diagram V. .

But it was possible, in the authot’s opinion, to prove matimmaﬁcﬂ”il
5 H t
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8. If the percentage loss of head was plotted horizontally against
the head acting on double loganthmic paper, for each of the six
series of experiments a family of curves resulted, the general nature
of which was depicted in the diagram. The following deductions could
be drawn at once :—

(i) The loss effects of curvature and friction causeda *kink” in the
logarithmic curves, the position, duration and slope of which
varies with the value of B (width of throat).

(it} Clearly, for the fength of crest adopted, a value of B existed
or which a constant per cent. deduction from the corrected
gauge reading could be substituted for the constant co-efficient
advocated by Mr Inglis, for all ranges of H within the working
Semi-modular range.

(iti) Again, by selecting another value of B, the slope of the
“kink"” "could be utihsed such that the % deduction from
the corrected G varied as the 2,3 power of H, m other words
that the co-efficient k might be altered and would remamn
constan! for the particular workmg semt-modular range
desired Clearly 1t was to this particular type that Mr.

mp’s dimensions approximated and which Mr Inghs
had so strongly advocated.

(iv) Agan, 1t was clear that the B: H ratio was of less importance
than the ratio of B to length of crest and thi again brought
the curvature effect mnto prominence.

() If the B was at least very large, the logarithmic curve tended
to sraighten out, and the Link to vamish : in the limit it be-
came a straight line whose slope obviously was 3.

9. This brought them to Mr. Burkitt's contribution In the

";J. Laf 1 1 LI 1 PR 2 _.be" l t-

H eglect

o * Lanming'’s N
. . . nts, such a
valie would give approximately the same results  Now if Manning's
“N* were a true co-efficient of rugosity, obviously 1t would hold over
any *“work.” Mr, Burkitt had, then, indicated to the Author a method
of separating out the curvature and friction losses  The Author had
no doubt that a direct measurement of N n similar maten | in a * nor-
mal”™ channel would give & value of “ N dustinctly lower, in which
case the balance of the losses would be due to curvature

10, Mr, Lacey’s remarks were much appreciated by the Author,
particularly in regard to the use of logarithmc paper, which he heartily
endarsed,

11, Most of Mr. Lacey's contribution had been answered n the
preceding remarks.  The Author’s failure to produce a log plotting was
due to the recogmtion of the composite nature of the source of loss and
the desire not to obscure thewr primary obje:t.
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. The curvatures of the weir approach and departure also became
important, as the weir shortened, If the approaches were perfect then
the length of weir crest could be reduced, theoretically to zero.

4, Referring to diagram 111, the author wenton to point out that
aver the flat weir crest the total energy line had a downward slope (due
to friction). Over the glacis the total energy line still had a downward
slope, but owing to the greater slope of the glacis, diverged therefrom
The minimum energy of flaw therefore existed at the downstream crest.
Hence this wasthe cntical section. This point had been dealt with very
fully in Part 1II of the author’s 1929 paper.

5, It did not follow that the critical depth occurred here ; only the
critical or minimum energy. As soon’as curvature of the stream lines
existed, Bernouill’'s theorem as ordinarily stated no longer applied
A redistribution of the energies took place and resulted in a change in
the relation of velocity, pressure and potential energies, which caused
a change in depth. -

that the value of the critical, i.e., energy
at the original figure.

6. This brought them directly to the first point made by Mr.
Inglis. This might be restated as follows :—

“* If the curvature of the boundary was such that the water could
not follow it, then the water constructed its own approach curves, and
virtually a new boundary.” If Mr Inglis agreed to this the author
freely ~admitted that a ™ forced " control section would immediately
come into existance which probably would differ from that postulated by
the author. If such really did take place, then one of the prime conditions
of the problem no longer ~vintad ~mdeboocola T ol
weir no longer formed th
author’s argument. It me .
prevented the wirtual crest being known.

7. Although Mt. Inglis’ sketch is in plan only, the departure
of the stream lines from the bed surface of the weir might be postulated
also (viz. in section).

In their present state of knowledge of the effects of curvature, a
weit 30 constructed was not a reliable meter, because neither H ner
could be measured or otherwise determined

Fortunately for_the author, both Mr. Inghs (Bombay) and Mr.
Lacey (U. P.) had insisted upon the author sitting down and plotting
the results on double logarithmic paper and had been good enough to
discuss the results so obtained. Had the Author been left to himself,
he had no hesitation in stating that what he would now place before
them would have taken far longer to arrive at.

" Here'the author produced diagram [V,

But it was possible, in the author's opinion, to prove mathema!‘iwllx
S0 nath
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8. H the pereentage loss of head was plotted horizontally against
the head acting on double loganthmic paper, for eachof the six
series of experiments a famuly of curves resulted, the general nature
of which was depicted in the diagram  The following deductions could
be drawn at once :—

(i) The loss effects of curvature and friction causeda “ kink ™ in the
Yogarithmic curves, the position, duration and slope of which
vanes with the value of B (width of throat)

(it} Clearly, for the fength of crest adopted, a value of B eusted
for which a constant per cent. deduction from the corrected
gauge reading could be substituted for the constant co-efficient
advocated by Mr Inglis, for all ranges of H within the working
Semi-modular range.

(in) Agamn, by selecting another value of B, the slope of the
“kink™ "could be utilised such that the % deduction from
the corrected G varied as the 2.3 power of H, in other words
that the co-eficient k rmight be altered and would remain
constant for the particular working semi-modular range

desired. Clearly 1t was to this particular type that Mr.
mp’s dimensions approximated and which Mr Inglhs
had so strongly advocated.

(iv) Again, 1t was clear that the B: H ratio was of less importance
than the ratio of B to length of crest and thi again brought
the curvature effect mnto prominence

() 1f the B was at least very large, the loganthmtc curve tended
to sraighten out, and the kink to vanish = 1n the Iimit it bes
came a straght line whose slope obviously was 3.

9. :[1“5 brought them to IMr. ‘Burl\m's contribution.  In_the

lghe -2+ ‘ o
t 01 ‘ - I:

y‘alm_:' would give apptoxlmatelyflhe same results Now ;if Manning's

" were a true ient of rugosity, obviously 1t would hold
any " work." Mr Burkitt had, then, indicated to the Author a me:;::c;
of separating out the curvature and friction losses. The Author had
no doubt that a direct measurement of N in similar materi:] i o * nor-
mal”™ channel would give a value of “N* distinetly lower, jn w},;c;:
case the balance of the losses would be due to curvature,

10, Mr. Lacey's remarks were much a "

cnt VL ppreciated by the Auth,
particularly in regard to the use of logarit ~ uthor,
P dorsed. garithmuc paper, which he heartily

1. Most of Mr. Lacey's contribution

. . « n had b

preceding remarks.  The Author’s failure to pmdu::r:, )
due to the recognition of the composite nature of th
the desire not to obscure their primary object,

nswered n the
’og plottmg was
e source of loss and
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12. The formula quoted by Mr. Lacey, viz., H|=003 HM s
' ' N T al officers engaged
lesign of which the

* cent.—an advance

’

13. Inreply to Mr. Ishar Das Mr. Montagu pointed out l.hat s
a result of the double loz plot exhubited, a weir could now be.desxgned.
the % Hj of which would be constant within the limits of the

working range. The explanation of the ' kinks " observed by Mr, Ishar
Das had been given already.

14. Mr Montagu took leave to point out that on a double log plot,
the steaight lines would never cut the Y axis at zero value unless produc-
ed to infinity.

15. In regard to silt and its effects on flowing water the Author
referred Mr. Ishar Das to Mr Buckly's (Jnr.) Paper No. 4425 at the
Inst. Civil Engineers, Londen, in 1923. The only effect that would be
experienced over a wert  would be due to a change in co-efficient of
rugosity and would be extremely small.

16 Me. Mithal clearly had falled to grasp the essential factor
the paper, as also had Mr, Sharma.  No parallelism of stream lines was
postulated in any part of the paper. In fact, the change of losses due to
friction being in the opposite sense to the change of losses due to
curvature had been the key-note of the discussion. The original dis
charge formula Q=K B H */2 had been derived from a simplification
of Bernouilli's onginal law and it was the errors ansing out of this
simplification which were, by implication, dealt with in the paper.
The reason for assuming the wetted perimeter to vaty with 2/3 H were
given The approximation was justified by the results.

17. Mr, Sharma’s interesting remarks on the individual weirs on
the Upper Jhelum Canal merely confirmed the Author's case that the
accepted co-efficients were wrong.

18, The objections to crests at bed level were numerous, Hydraulis
cally, they postulated high velocities, high losscs and at present, bad
curvatures.

19, The above halts1 £ ot - o o ¢ e s
also shewed that the law = LT e e [
sults agreed in practice -y - e

ritios of head, bed widt . . .
oat to Mr. Colyer that the point of contra-flexure of the water surface
1d not indicate parallelism of flow, neither did it occur at the controlling
section,

.. 20. The word *independant ™ 10 para. 15 (1) was used in the sense
of* not explicit.
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Mr. Khosla very properly referred to his remarks on the speaker's
paper No. 126 of 1929, The present paper was decidedly a continuation
of that paper. The subject was without ecnd  But the Author depre-
cated any attempt on Mr. Khosla's part to draw separate curves for
separate cases. It was to get away from this that the joint Authors
presented their contribution. The resulting discussion had cleared up
Mr. Khosla's othe: enquiries.

21. Mr. Musto has camed the discusston on one point even fur-
ther. The Authors expressly declined to differentiate the effects of the
various sources of loss of energy. The discusston has compelled the
speaker to shew how curvature and friction losses are essentially separate,
but Mr. !A}’[usnlg wants to deter'mme the relative effect o‘f side and bed

- B ot . N a1 - [N QS "

praS. S 10N

22. If what Mr. Lacey has tefmed the “1sotacs ” mn a section of
a stream are distorted, the frictional effest 1s more pronounced. It fol-
lows that a vertical sided channel 1s Itkely to require a slightly steeper
slope than a channel whose sides are ** natural ™ for the same discharge

But all the flumes tested by the Authors and generally used in
practice, had vertical sides, 1n order to el any such d







PAPER No, 142,
STABILITY OF WEIRS AND CANAL WORKS,
AN APPLICATION OF THE NEW THEORY OF HYDRAULIC
GRADIENTS

By Ajupmia Nati Kuosta, BAA, 1S.E,

Introduction,

In a former paper, the laws governing the flow of water in subsoils
as affecting the stability of structures, restind thercon, have been clearly
brought out and discussed It has been shown how the pressure gradi-
ents under the floors of weirs, etc , differ so widely from those of Bligh,
which latter, have formed, so far, the basts of our designs of such struc-
tures. It has also been shown how the shape of the pressure gradient
curve determines the static uphft of ﬂoorsLangi also forms _Il_ke measure

AT e s s -

JECEVN -

have been collected and scrutimsed and are presented in a form read:ly
applicable to the study in hand  Among the old weirs, Narora of the
Lower Ganges Canal, Rasul of the Lower Jhelum, Marala of the Upper
Cheriab have been discussed  Regarding Khanki, a mass of data is sad
to be avallable which, if so, shall be studted and presented at the
Congress, Of the new werrs, only Sulemanki has a senes of pressure
pipes in the werr floor and elsewhe.e, which have given useful informa-
tion. No pressure pipes exist either at Ferozepore or at Islam; but a
sertes of them if mserted in these two weirs should be most helpful in
a study of pressure gradients under different conditions of geological
formation, etc Data are being collected for the Jaba crossing of the
Upper Jhelum Canal and Siswan Supcr-passage of the Sirhind Canal
where the history of trouble and the record of pressure pipe observations
extends over a series of years.

Some important features of the trouble, the repairs and of the
structural details of general interest at the Dugn No I, and Jauryan
syphons of the Upper Chenab Canal, have also been described

There is, perhaps, an enormous mass of useful data lying buried
and lost in the oblivion of our Divisional files, and if this paper can suc-
ceed in exposing some of this to the light of the day, it shall have amply
requited the labour spent on it.
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In a general discussion of the stability of weirs, it is impossible to
brush aside, altogether, the other factors, besides the uplift and the
undermining due to pressure gradients in  subsoil flow, which cause
damage and destruction to the loose stone protection, the blocks and the
impervious floor, But only a passing notice has been taken of these
where necessary in order to keep the paper within reasonable hounds.

Cracks in Jauryan Floor.

Before proceeding with a discussion of the weirs, it is desirable to
S e e e e e 1 2 L led Jauryan
settlement is

Plate 1 shows the locdtion of cracks on these floors. The pres-
sure gradients in both cases were above the critical just before the crack
x or y occurred  There must have been a cavity underneath as a result
of slow but continuous undermining and the slab must have been sus~
pended at odd portions of the soil which were intact, These last points

L " - [ U P IR P U [ T | l( 15 no'ewonhy
» 1929 the pres-
v, 84 respectively,
o - - , alent to spring
formation, The same thing happened with pipe No, 4 on 16th
August, 1929. The water level dropped by 08 feet and the crack y
developed. :

Dates. No. 10.} No. 11.] Canal. [Cunette Remarks.

23.9-29 .. 78626 | 76343 | 9227 81'44 {Crack x developed

25.9.25, Canal
5929 . 781 78259 | 9225 | 8143 | ond cometie Tovel

almost steady.

Difference .. 215} 084) 002] 00

Dates. No. 4. | Canal, qunclle, ’ Remarks. .

' ‘

16829 .| 86661 972! B8I'|Crack y apened on 17.8.29
cog | | Canal and cunette almee

17829 .| 858! 99| 816 seady,

o8] ol , 00
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. The overseer incharge noticing this sudden fall in the pressure level
wired that hing unusual had | and right enough there was
a crack shortly after. [In more than one instance, cracks have occurred
immediately on the reduction of supply in, or complete closing off of, the
canal. In high supply the upward pressure un'de:‘the floor Lept the|ﬂoor
s « TSR SRRy fDE uptard presut B
r
[ - . -
upwards pressure .

The settlement of the inverted filters and the scour at the end of
these are noteworthy. They explain exactly how floors are undermined
This settlement happened both Upstream and Downstream and has been

led up, along with_ the scour holes at the end. Similar settlement has
occurred to a smaller extent at the ends of the Dugri inverted filters.
The structural details about the repairs and the remodelling of the fauryan
and the Dugri siphons are of considerable interest and are briefly dealt
with Jater on,

The Narora Weir.

‘The Narora weir has been specially selected, as the theory of hydraulic
gradients in relation to weir designs started from there

A description of the failure of part of this weir, the repairs and the
subsequent additions of a long and impervious floor on the upstream side,
ending inaline of wooden sheet piles 18 to 19° below floor, is given in
paper No. 7 of the 1913 Engineening Conference at Simla, by Mr C H.
Hutton and in the Editor’s notes by Mr F. W Woods on Chapter VI,
pages 185 to 193, of the Design of Irrigation Works by Bligh  Mention
is also made of this by Mr Beresford in the proceedings of the Institu~
tion of Crvil Engineers 1904, pages 76 and

Briefly, the failure of 30th March 1898 occurred due to:—

(i) Washing away of the Upstream 30 feet puddle apron and
the 20 feet loose stone apron, exposing the crest wells 7°5°
to 9" below bed level

Gi) R jons of levels D

The failure of the upstream floor and protection increased the
pressure under the floor and the retrogression of levels downstream
encouraged piping through thetmperfectly closed interstices between the
circular wells of the downstream toe wall. In this connection
reference is invited to para 1, page 149 of the paper on Hydrauhe
Gradients in Subsoil Flow, showing how scour holes close to the pacca
work, increase the tendency to piping and hastens falure  This piping
through the interstices of the toe wall blew out sand from underneath
the floor and cavity formed. Borings revealed cavities under the crest
wall and floor extending 50' on either side of the point of fracture.

e cavity was 8’ deep where the spring burst through the lower hine
of wells and out into the grouted pitching. The lower part of the floor

.
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settled and separated from the top, which was, in turn, lifted up by the
increased pressure which worked 1ts way in between the two layers of
masonry. The above description, causes and conclusions are based
on the accounts given by the authorities quated above, Attention in
this connection i3 invited to Damage to Bay No. 4 (downstream)
of Marala Weir 1929, explained later on. (Platc IV.)
1t is at this weir that M, Beresford ordered the first pressure observa-
tion pipes to be fixed in the year 1898 which were actually fixed on 27th
March, 1898, Colonel Clibborn's experiments were apparently carried
LT e e et M BRUEAL et wd foe aloann Lia shanw

The Executive Engineer, Narora Division, very kindly sulpp]ied his
original file of observations in September 1929, from which typical plots
have been made to elucidate the discussion.

In plate 11, figure 1 shows a section of the Narora weir with its
pressure piﬁcs, crest and toe walls, the onginal puddle floor (30" wide)

the sub ddit and the upstream end sheet piles.
Explanatory notes are given on the drawing. )

Figure 2 shows the observations, with the original floor and those
after the additions.

.The H. G. Lines, according to Bligh, have been plotted in both
cases, with ¢=15 (H. G.=1/15) and the line of creep assumed to hug
the underside of the floor, down the sheet piles or wells and up again.
(vertical = twice horizontal).

584‘:11)11: Upstream levels in both cases are almost the same (5842 and

Case, 1. Downstream levels 5749 and 574'8 respectively. The
effect u( the extension of floor by 80 feet of the addition o‘f’ the sh{ct piles
is that in pipe No. 2 there is a drop of (579'41--578:07=2) | 34 fect
and a drop 1n pipe 3 of (578:73—578 07=) 0'66 fect—an insignificant
achievement considering the cost.

Case, 2. Downs.tream levels 572°9 Upstream levels as above. In
this case pipe No. 3 is actually higher by about 03 than in the original
design and pipe No. 2is lower by 05 feet, showing that in the worst
case the pressures under the pacca floor are practically uneffec-
ted by the extensions. The only useful part of the extensions is the
3 feet high biff wall downstream and the adjoining 25° X 13" concrete
slab.  The rest of the additions appear to have been unnecessary, alto
gether,

Bligh Theory and Actuals.

The figures 4, 5, 7 give a clear conception of the Bligh H. G. line in
relation to actual facts At the downstream floor, the only part of the
structurd gubjected to upward pressures, the Brigh Line is dangerously

tow the actunls.

4




Stability of Weirs and Canal Works, 197

The question arises then, why are all these numerous structures
based on the Bligh theory still standing.

A general reply is impossible but each individual design can be
separately analysed. But there are two important po nts which allow a
large margin of safety.

1. The full upward pressure never comes into play unless there ic a
cavity or spring lire underneath the floor.

Water in the bound condition cannot exert full upward pressure
on the entire area of the floor which 1s 1n contact partly with the soil
particles and partly with water The effective area on which the full
hydrostatic pressure can act, 15 *b-= - Lomor oo £l L)
foundation scil. Thus the averag
be a certain percentage {perh:
cated pressure. Immediately, however, a cavity forms and the underside
of the floor comes in contact with an open sheet of water, the full
hydrostatic head 1s exerted and were it not for the shear resistance of the
masonry of the floor; which comes into play, some of the floors may be
endangered.

2. The actual werght given in the floors 1s generally tn excess of the
requirements as given by the Bligh method  The Engineer's instinct
adds where theory is wanting.

Mr. Hutton in his paper has attempted to show that the observa-
tions are in accorda ice with Bligh's theory if the line of creep is modified
Tested in the hght of onginal observations, there seems to be no relation
at all between the calculated and the observed.

Figures 3 to 8 show, for the three observation chains, the effect of
varying the Upstream level with the Downstream kept more or less
constant. The results are fully 1n agreement with those of the Dugn
and Jauryan siphons It 1s therefore clear that the apparent water
surface at the downstream of a work is no indication of the true
spring level there. [t 1s always lower and the difference between the
tht:‘l sprng level and 'lhe apparent water surfa[celgwes' the ul"lbalanccd

A TSPy N A Bl heer

- ety
of part of the Narora weir is also apparent But a question has been
asked why all our falls, etc. do not fail, if the true spring level 1s higher
than the apparent spring level as indicated by the level of flowing water
d , when the d water level falls 1n a closure, The
following explanation is offered :—

Response of subsoil flow to application or withdrawal of outside
ead,

When the canal 1s runming there is the head of that water on the
floor. When the canal is closing the water level downstream also falls,
. L
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L R IR T B TR ST

The saturation "

neously so that ) o . .

no disturbance .

spring level in the vicimity ot a canal or river to adjust stselt to the nse
e r 1. RN | I BRTY MEIR r

precaipitation coincided with Lie earty pdtt ol the ground water measure-
ment.” The ve]oc:tnyoundwas 64 feetLa day. On July3rd the experiment
R A e SOARAORE S B o,

flow. This is stated by him to be an actual casc and as such is of great
importance. He has not discussed the time factor. His observations
ave inkee ot e heme oL Ve e
Slichter. - [ ' .

drawal of ¢ : : [

The following obset vauons Biv s ptoduceu a8 an wiustaton,—

Date. | Time. | S [ 'No 8 [No. 1] Remarks.
—="" 7 Jauryan Siphon'U. S,
1-6-27 LA0am. | 824 8230 8154 Canal  openins.
RS and N
0. O ani &3
12am. B675 | 8360 | 8204 I are shown
2pm. 87751 8410| 8254| on Platel.
4pm 8390 8500| 8274
2.6.27 LJ10am. | 8950 | 8550 8354
12am. 8970 | 8610 | 8374
4pm. 8990 | 86'10| 8384

%621 i0am. | 00| 88l | 8393
Zam. | 2000 | g770||{ 83904
pom. [4] 8404
4627 . %040 g7iil 844
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Dates. £ Camal. Cunette No I |No.5 | Remarks
g ,
Duzn Stphon U /S. 1
15229 .} Closed ‘ | Canal opening.
Pipes 1 and 5
11-2.29 8633 8576 | are 35 and 85
! feet respectivc-
11229 . M 79005| 8880 8953 8716 Iy from water
' edge.
IN 9071 8390 ‘ 9003 8726
‘
Bl o1as| o4, w073 877 !
12229 ..M l 9174 8982 | 9103 8906
N | ozi4| 8998 91331 8936
E | 9234]| %05 ‘ 91'63 ‘ 8966
B229 .M | 900 9050 9213 9066
1429 .M | 932 9253, 8986 |
15229 M| 939 ‘ 9313 | 9066
Dates Canal  |Cunette ‘No 8 | No 11 | No No |
guge | WL ! 7 [ 8| Remarks
!
] ‘ | ‘ o
27-8-29, 9156| 8254 8703 8426 ' 8573 8641 Jauryan siphon upstream
.  “showing effect of withe
28-8-29 8403| 8160 | 8375 8243 ! 8336 8375 drawal of external Ppres-
, " sure Pipes No 17 and
29-8-29' 8350 | 6171 | 8320 8267 | 8314 8333 15 are outside the pacca
oors 120 ft away from
30-8-29 8285| 8120 8267 819 | 8261 8333 v.bncler edge with strainers,
182 80| 811 6255 8171 6251 8273 Coed g Boor.
1.10.27 9240 ‘ 8782 8442 1
4.10-27 9130 8742 8422 1 1 .~ I

| v
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Rest House Compound. The Canal dropped from 775°2 to 7680 in 24
hours (April 10 to 11, 1928) and to 766°2 till 14th. The Spring level
gradually dropped from R. L.773'5 on the 10th to 770°0 till 18th and
stayed at 769°7 till the canal started to rise again. This was 1,200 feet
away. The drop in spring level, in the vicinity of the fall, must
obviously have been much greater and quicker.
This property of quick response of sub-soil flow to external applica-
tion or withdrawal of pressure is of great importance in a study of our
logging problem. It hasizes the ity of efficient
surface drainage and the evil consequences of ignoring this drainage.
Drainage operations in the Marala Division substantiate this statement.
The remarkable drying up of the large marshy areas on the Main Line
Lower (Upper Ch:nab Canal) as the result of the lowering of the supply
1n the canal is a good illustration in this respect.

Deep curtain walls at upstream end.

L. S i G| SRR R FUREEPRE n L L en
. LT
e 1 (S R S SO T DN

the Narora Weir (plate 111). 1t might be noticed that out of a total drop
between Upstream and - Downstream levels almost 45 % is lost up to
pipe 1A, The same phenomenon is noticeable in case of pipe No.2
before the extensions were dane,

1n the original design there was the 30 fect floor of stone over puddle
at top R. L. 578 and & hnclof wells under the crest {bottom R. L. of
curhs at ?M Of‘l‘cgh‘f'ﬁ 5(}3 ?)_ Thlf‘ lh’e'rc was a depth of 14 feet and
. '

10 the hrst case and to Ppipe AL A alter extension, is very neatly the same.
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Mr. Woods in his editorial note suggests loss of head at entry
as a possible explanation. The veloaity of entry is, however, so small
that such a big loss appears unlikely. It perhaps does account for a small
part and experimental work is needed to determme this extent.

Loss of Head Curve for downward vertical flow.

In connection with plate VII of the Paper on Hydraulic Gradients
etc., the nature of flow as a result of withdrawal of head of 3 8 feet from
the normal gradient line has been discussed  [finstead, a 3 8 fect head is
superimposed on the N. G line, sumlar flow should naturally occur in
the reverse direction, the velocitres decreasing from top down and so also
the pressures but following a curve of the same family as the loss of
head curve of plate Vil

A curve has been denved from the observations at chan 32, (PI 11I).
The fall between upstream and downstream levels has been plotted on
the left hand horizontally as A B and the loss of head up to pressure
pipe, 1A, has been plotted L AR L
effective head at_that point
is exactly equal to DE.
or D. This gives three ¢ .
approximate curve was run through these and other points were tested
on this curve. With small trial and error the final curve of plate II
was worked out It will be seen that points D, D; D3 D4 and Dy lie on
the curve as close as can be expected The equation of this curve is
y+64'5 logh = 64'0. The constants in this equation depend on the
point where observations start (H = 9'8 being the starting pomnt here).

L c e PR SRR VSR S B (VPRI NN

superimposed head, the rate of loss of head and the velocity,
both, decrease as the depth increases. In the example under con-
sideration for a 9 B feet head, an 18 feet deep sheet pile is responsible
for a loss of 465" and is therefore equivalent to a horizontal length of
15X4'6=69 75 feet with Bligh’s c=15 A deep curtain wall at the
upstream end 1s also useful in p i loughing of foundation sand
in the event of a scour hole forming close to the paccawork as happened
at the Narora Weir.

The Rasul Weir.

On page 197 of Bligh's book a set of observations is given regard;
the Rasul Weir. Unfortunately no other observations c%lu]d beggo;‘lorlﬁ
of the Rasul Division and criticism on an isolated case cannot lead to
much, The shape of the Hydraulic Gradient line is much the same as
in the Narora Weir and exhibits the same general features is
figure 15 duced here for the nfe 1on of the reader ac nlaie IV
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The damage to Rasul weir during the record flood of August 1929
is of considerable professional interest and has a definite bearing on this
paper. In certain bays the damage is on the upstream of the crest, in
others it is downstream and in_bay No. 4 the upstream floor, the crest
and the downstream floor are all gone,

Apparently the oblique and cross flow during the flood damaged the
upstream and downstream loose protection by swirls, surging and
scour, causing deep holes close to the shallow curtain walls at the
upstream and downstream ends of the weir floor. This resulted in

hing of the sand foundations at the upstreamn end and piping at
the downstream end. The middle portion of the weir was possibly
damaged by the standing wave, At one place in bay No. 5 the top
*Kharanja > has lifted up by 2} feet above the flat masonry, the
shape of the * blister” being much the same as at Marala deseribed
later on. ‘The further details of this damage with causes that led to it,
will, perhaps, be described by one of the local officers at the Congress.
Standing wave below weir,

Plate VII shows aty * * A T R
1st September 1928 at ' f Lo -t .
Kharanja at the trough. ™ I T o Tee .-
the trough but a height of nine feet has been observed during the flood
of 28th Au#xt 1929. The ohserved profiles will be exhibited at the
Congress, The upward pressure at cach part of the * blister™ or lifted
ﬂoo)" is s'hown. at 1 ht angle u:"!h' f d it will be seen that the

. . '

. . f
masonry or concrete can be properly keyed to each other, no damage
will oceur provided the overall thickness of masonry is strong enough for
the maximum upward pressure at the trough. But directly the stand-
ing wave travels down due to retrogression of downstream bed, ete., and
forms at the block or stone protection, a double action sets in. The
back pressure of the standing wave tends to lift up blocks and stone,
At the same time this pressure has 2 tendency to get relieved through
the interstices between the blocks or stone  This second case exactly
corresponds to the conditions of Plate VII of the paper on pressure
gradients, etc. Piping starts with vigour from undemeath the blocks
or stone and finally extends to the foundation soi) beneath the pacea floor
causing failure. .

LIS A J |

" -
tude of loose protection,
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The Marala Weir.

. Some pressure pipes were inserted 1n the downstream floor of this
weir in 1926-27, and it is hoped, more will be put in this year at smitable
points, The results of these when available will be of interest.

In the record flood of Ist September, 1928, in Bay No. 4, as also in
some others, the top * Kharanja * of the downstream glacis Lifted up,
the layer of stone masonry underneath remaiming mtact. This lift up
T T o h " ch was about 8

. . under the top

which happened very nearly at the trough, where the difference in
pressure was maximum, 1 he up-hit 1s shown in Photograph No 1 an
Plate VII.

In the second record flood of 28th August 1929, a simular uphift
occurred at and above the B line of wells accompamed by a shght settle-
ment of the masonry floor underneath The well line B also appears
to have settled in part of the damaged reach  This 1s clear from the fact
that there 1s a hollow underneath the concrete blocks laid diagonally
and true, in 1928-29 to replace the Kharanja layer that had hifted.
‘They are still at the true designed level so that the hollow underneath
can only mean settlement of the wells and the flat masonry below the
Kharama (See Plate V).

The damage apparently started with the loose stone protection
getting washed down with the immense volume of water or sucked out

v swirl action due to oblique flow and then carried away, very likely
the latter is what happened  With this stone gone, the concrete blocks
foll'o'wcd leaving the faccrof theL well Itne C more or less exposed resulting
. d e iy . N i N

Tevel of wells of 777°8.

A,

masonry and stone having been carried away by the volume of the flood,
Here it may be mentioned that undermining can occur even if the
stone apron is 1n tact provndsd ‘tha! theI block protection adjoining the



904 - Stability of Weirs and Canal Works

spaces between them were filled up
usually carried away with the curre
stone under the blocks and  finally
undcrminiEg of the blocks started both due to suction caus[ed llny surface
O = 1al, 01 Vooeofo it

(AP | W SRR

A . . . . . . .
against this class of damage occurring every year, the new blocks were
poured in between side walls of Kattals (spawls) which by their pro-
jections into the blocks on either side prevented dislocation but per-
imitted settlement, The spawls thus wedged in, did not move out and
away with the current. Repairs done in this way have proved satis-
factory, By some strange process water will move wide blocks {as much
“as 12 feet wide block of masonry 11 to 2 feet thick, has been seen bodily
moved at Marala). The only way to secure them effectively, without im-
pairing the pervious and flexible nature of protection, is to stand them
‘on end or lo inlerlock or wedge them as explained above. This also
points to the necessity of filling up spawls in the spaces between blocks
where such have been removed. This part of the repairs is as important
‘as the replacing of or repairs to the missing or damaged blochs.

The Khanli Weir,

A large mass of pressure pipe obsgrva!ions is said to be available
regarding the Khanki weir. If so, it will be collected, scrutinised and
presented at the Congress,

The Sulemanki Weir.

Out of the Sutlej Valley Weirs, this is the only one which has pres-

sure pipes inthe weir floor and elsewhere. Unfortunately a large number

of the pressure pipes are l;lock:d since June 1926 but a sufficient number

of pipes are stll in working order and the representative observations

have been plotted on Plate V1.
L.

C e e wean ey - T
downstream levels. Compare curves | and 2 of fig. § and
1 and 2 of fig.3. In other words there is greater flow
through or underneath the sheet piles in higher heads.

(i) Most of the head is lost at the sheet piles and even under
the worst condm_ons the pressure gradient at the down-
stream floor remain flat and safe.

(11) The pressure pipe levels under the downstream floor are
governed by the downstream water levels and very little
by the upstream water levels.
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The selection of site for this Weir has been very happy and the bed-
ding of sheet piles in the 10 feet thick clay layer, very sound and fortunate.
is clay layer underlies the weir floor and extends both upstream and
downstream. How far? It 1s yet to find The flow that occurs can
be either through the sheet pile interlocks, or through the clay or through
the sand underneath this clay. Whatever way it may be, 1t 1s clear that
the sheet piles bedded as they are in clay are very effective, and as far as
the present study indicates, this weir 1s safe against piping due to subsoil
pressure gradient, inspite of the shallow downstream end toe wall, if the
clay remain intact. The dislocation of blocks due to standing wave or
other reasons may, however, cause trouble and 1t might be adwisable to
consider putting in a line of sheet piles at the end of block protection

The retrogression of bed levels at this weir requires separate con-
sideration but the proposed line of sheet piles will help,

Jaba Level Crossing Upper Jhelum Canal.

This will be an interesting study as there has been trouble, repairs,
extensions and a series of pressure pipes observations at this work  As
the data could not be obtained in time, their discussion will be presented
at the Congress,

Structural Details of Siphon Floors.

As there are some novel features in the design of the approach and
exit floors of the Dugri siphon, a brief outhne of these 1s given here.
1. o [ S O A e T S

there 15 either no flow or flow with goad veloaity.

The upward pressures under the floor slab were based on actual
;)\bservanons of spring level These were between 5’ and 6' at the
LR | T e 1L - )

was dac cod i ntant b wpse dacidad ta b m o vatafoa D Ll

uniform upward water pressure less the weight of the slab. These
reactions and the moments were caleulated by the theory of 3 moments
hoth fne 12 T double the
. " ' ) - is either a

" i L - . . slabs

A ernane e tha m L L 0
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slabs being tied by verticals. In the case of the Sambarial siphon, the
height of the centre walls worked out to 22 feet and it was decided to
take the two centre walls only 8 feet high, the balance of the load
being given by earth filled up to necessary height over a reinforced
concrete roof slah.

The reinforcement of the bottom slab was caleulated both for uplift
and for settl ue to cavil nd h  The full upward
pressure t:f water was taken for calculations although it was realized
LI I 4 - -1 PR} feen

[ v : : - .
prevents turther development which would surely occur 1n case of a light
floor which could remain suspended under low pressures, permitting
direct passages to water between the underside of the slab and the founda-
tion soil. The junction of the new floor with the old floor at the face of
the barrels was a work of some difficulty and required careful supervi-
sion , If this iunJction had chcn Teft faulty, lg'l_owing up would have started
N il atent n T o n nn At

has proved very successful.

Unless the shb.of the cun:tte ruis under the entire floor, as in
the case where the high floor consists of sand filled, R. C, Boxes, the
junction of the cunette floor slab with the sids walls is very impor-
tant, They must be rigidly fixed, as any break along the joint will
start piping under great pressure and end the st y under-
mining. This is how failure occurred after the repairs of 1923.25 at
the Dugri No 1. (Photo 2).

Another important point was the securing of sheet piles at the end
to the floor asaleak between the top of the piles and the bottom of the
slab would have been dangerous. This was achieved by passing

t IR AT T

wut o lramamt Soave theanah halse at fam Al bl (Lo

a toc wall to give a good bedding ta the top of the sheet piles.

v_er.tled_ﬁlter has been given :i)n-

At the end of the pacea floor &
R s sl bnbbim an

XR; N ast
» PR oae . o vs =« thickest
R L (RIS v =, wws .y r.cheen

oy N T Y Vet ege, e s
have pushed the spnngs and sand blowing at alulev distance from I;Z
_ ttructures,  In the immediste neighbourhood of the pacea floor they let
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clear water out and not the sand, thus relieving pressure without
permitting piping. The thichness, grading and width of these filters
is an important matter for further study for different soils and different

eads. This width is recommended as 1} to two times the critical depth
and the thickness about one-third of the head  In weirs these dimensions
will be governed by other factors bestdes and it is not proposed to discuss
these here,

Cement grouting under pressure.
paint of great importante was the repairs to cracks in the barrels
and the filling up of cavittes underneath  This was done by cement
grouting under pressure and has been very successful  In some of the
cavities as much as 30 bags of cement were consumed
In the floor or in the barrels, at the site of cracks, or wherever
hollows were suspected under the floor, holes were dnlled and 13"
diameter G. 1. pipes were mserted about 6" to 9” nstde and 6” sticking
out with a screw thread at the outer end.  These were made tight against
the structure by a mixture of Soda and cement mortar which has the
property of setting instantaneously To the end of these pipes was
screaed a 11" flexsble armoured hose which led to the grouting machine,
is machine is double acting. Two tanks of about 25 c ft capacity
are employed, one contaimng the cement grout with or without a mixture
of sand, and the other clear water.
The suction hose of the grouting machine s mserted in the water
tank first and is worked to clean the delivery pipe It is then inserted
intha saot L., ¢ B PRUE TN PR IS Byt 5 P JPRVIR [N VDR S

not fill up and th, amount of cement that goes in, 1s I some casc very
surprising, [t may be mentioned that a relief pipe is always fixed in
conjunction with the groutmg pipe so that while the cement grout lodges
in the cavity, the water which 1s already there can be forced out  An exit
for the water, air and cement froth 1s necessary to give place to the grout
under pressure, otherwise, the cement surrounds and mmprisons them.
{t must be ' A T R Looolod.. =
be cleaned .

out of the v . “

Cement can be saved by addition of sand in the grout, the highest
workable quantity of sand being half to equal volume of cement  With
sand  the choking of the prpe occurs freely.  The best procedure is to
use pure cement where the spaces have formed between masonry and
masonty awing to settlement of one layer more than the other.” But

result that there are series of lumps of sand, cement and cement froth,
e job is not very satisfactory.



208 Stability of Weirs and Canal Works.

In remodelling the siphon floors some of the old work had to be dis-
mantled where grouting under pressure had been done. This exposed
regular seams C G. (photo 3) filled with neat cement grout giving a
most perfect joint between the two layers of masonary which had separated
by unequal settlement. These seams were as much as [ inch or more in
thickness, The grouting under pressure besides filing up cavities, im-
pregnates the foundation sands and forms a lean cement and sand mix-
ture, which in setting becomes very much more resistant to undermining
than the original sand. It fills up all mugfnary joints which come in its
way and _fills up all potes in concrete, The latter fact was noticeable
when with grouting under the floor slab of the Jauryan siphon, some air
bubbles started coming out at some places through the pores of the con-
crete slab. They continued for a while and then automaucally stopped
showing that the pofeshave bten filled up under pressure. Such
operations must however be carefully watched so as to prevent damage
by uplift of any weak portion of the floor, In one instance the effect
of grouting was noticed through a 1elief pipe 45 to 50° away from the
grout pipe.

Further Observations and Laboratory Research,

Before closing the paper it is desirable to indicate lines on which
further observations and laboratory research may be usefully carried out,
A set of pressure pipes with filter points at the bottom, should be fitted
in weirs and some selected falls at selected pants so that they can indreate

Loss of head

i. Aventry

ii. Under the vertical drop wall of a fall or under upstream line
of sheet piles or wells 1n a weir and also at different depths
from surface down.

iii. Up and d of diate curtain walls
both immediately under the floor and at the bottom of these
walls, and at different depths from surface down on both
sides,

iv. At the end curtain walls  (Sufficient data in this respect are
available at the siphons dealt with in the paper on Hydrau-
lic Gradients etc.)

v, At the junctions of wing walls and floors.

Not till such information is collected i fuller detail in the field and
inthe lsboratory, can we hape ta lay dawn any scientifically correct theoty
about Hydraulic Gradients as affecting Design of Structures on Satu-
rated Sauls.

In the faboratory experiments should be carried out with models
of weirs and falls with varying depths and locations of end and intermediate
curtain walls and also without any wall atall. The conditions should

:;:3:]1 ;ic ::?:ars] a3 possible.  Both flat and sloping downstream floors

\



Stability of Weirs and Canal Works, 209

Pressures should be observed at different points along the vertical
both for downward and upward vertical flow  Flow line contours should
be studied along with veloaty heads at different ponts and at different
d_em s.  The intensity of flow hetween the foundation soil and the under-
side of a floor slab and down and up along the sides of the lines of wells or
sheet piles should be carefully studted, as this flow along the line of creep
18 an important factor in determining the stability of a structure. Colonel
Chbborns has exhibited one such observation in figure 5, plate, I, as
reviewed through a glass front  On page 204 of Freeman's Hydraulic
Laboratory Practice the following occurs : ** The tests, a continuation of
those shown in figures 106 and 107 {pages 116 and 117) were conducted
for the purpose of studying the phenomenon of seepage. Although the
water pressures in the lower sectrons of a dam are greater than those in
the upper sections the tests showed that the velocity of seepage water
throvebhshado s L1, oLt w02 " .
Intl - - : -
warc . . ' '
the Cuit svau. 116 AULVE 1EIIAIRS 1€ LIUSUALEU Uy PIOLOZIAPRS on
Pages 490-494, These along with pages 423 to 425 are well worth perusal
in this connection.

Apracti--1oe dof Lot malo Lbte - STt
of structur
analysis on
useful contribution and for that reason the best place for the research
is thc. Resc_arch Laboratory at ]__ahorc with its glass flume and other

l(;n;s and hines of equal veloci\y' pol\enhal as effected by obsu"uctions of
\aracs L PR LR DA, . oM %
€ . ,
c .
c .

t

designs

Conclusions.
f s

For want of fuller data the conclusions are y p
unless and so far as the text of the paper has already proved.

i The accepted theory of the hydraulic gradients as applied to
designs of weir floors etc as adopted by Mr Bligh and reduced to an
empitical fo o = tha smeand aAuian AEL L e
factsand car = * » - L .
tionsatthe + ' . e L S
Canal and by those at the Narora weir. .

il. The structores designed on this theory stand  because the jnt
stinct of the engineer put in where theory was wanting.
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iii. Except in pervious weirs of the Okhla and the Sone type where
pressures get rcleascn‘i without c}lamage all altzr}g' !h:“mlh of ﬁe\’. il‘i‘s
. e - . L.
PP . . N
prevent underminiang by pipingduc tothe uns en hiad between the true
free water surface and the apparent water surface, downstream of a weir
or over a siphon floor, '-+v-—-'-t e P
one under the weir crest, are  + - . -
oceur due 1o standing wav' L
walls also ensure against damage due to sloughing of saturated sand in
case of deep scour holes forming :1o§c to the ends of the pacea floor. The
-yt ALY .1 o P T ._‘" [ DR | Wt chss“re
AN . "o o " water
- 1e class

L g v . ' 4 tnerete
lithic weir or a rei d concrete floor of & siphon are risky as
the structure being rigid, small cavities will not be discovered, the action
wll continue and perhaps the first warning may be a collapse.

f

iv. Aninverted filter at the end of the downstream curtain wall is
a gereat factor of safety as it permits passage fo water and prevents sand-
movement in the close vicinity of the work, The importance of the
proper m of the upstream and d stone protection,
inverted filters ete. of weirs (and siphon floors) are 106 well hnown to re-
quire comments, The text hasshown how the piping may commence in
an otherwise sound designaf the bed of the channel drops. at the end
of an impervious floor by Yocal scour or retrogression. The loss of head
curve drops, giving increased pressures for the same dey ths below the
bed, thus inducing piping.

v. Structures have failed by subadence due to undermining more
than by uplift. The uplit comes in with the full upward pressure (due
to subsoil pressure gradient or the back pressure of & standing wme
exerted at the trough,  Marala weir floor uplift i 1917-28.29 are in-
instances of this Jatter) worling 1ts way in between the top un-d bottom
layers of masonry and concrete which may have previously separatsd
awing to settlement of the Tower layer, faulty workmanshp, lack orf\adh.&
tion of mortar or to the upper Inver expanding or Conl\'acﬁ‘n: more than
the fower owing to changing temperature conditions. The adhesion
between  different lavers of masonny or concrete 1d at different fimes
must_receive the most careful attention, as, while a thickness of floor
may be adequate, 1f monclithie, t will become unsafe as soon as any
L.‘}Er scparates p(‘ﬂm“";‘ﬁ \l:am lhn "“I" in between and to exert the full

rostatic pressune which anything Jess o Y
bt v han the full thickness of floor

Ty wi. Thecorreet place to put_reliel sy, 7
o e e W S s (obich mut b e
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the old type of pipes filled with graded ballast} is the toe wall, and the
correct spacing, to be effective, is determined as explained 1n the text

ey are useless in the body of the work unless placed very close all
over, for their influence is local, and does not n the least effect the True

Hydraulic Gradient Line.

. vil. The pressure or hydraulic gradient under a floor is a strarght

line joining the Upstream with the downstream True water surface, as

distinct from the level of the tail water, unless modified by curtain walls,

the correct influence of which 1n regard to depth and location has yet to
e studied.

vili. The true water level or the spring level at the tail of a weir
or fall or on a siphon floor 15 higher than the visible water level and the
glffemn'ce from the true to the \;lsxblel de'tcm;n_l'nis {he_' extent of possible

. - i RN X e

ix. There is a critical head for each class of sol which will start
getting dislocated under heads in excess of the entical.  The undermiming
of foundations is a slow process of degradation and not as usually under-
stood 1n tube well practices due to the fine grains of sand getting washed
out of the interstices between the coarser grans

The critical head for the Punjab sands ranges from 6 inches to one
foot, but the fact requires confirmation.

%, Interlocked steel sheet piles are more efficient in boxing
foundation soils than wells unless the mterspaces between the [atter are
satisfactonly filled down to the bottmom with the aid of a water jet. The
i ’ oy Yoo @ . N

SPDETM AP S 5 N

result in undermining.

xi. The flow through subsoll gives a very quick response to any
supenmposiion or withdrawal of outside pressure,

xil, Scientific research in laboratory and m field 1s required i right
earnest, to evolve the correct theory of pressure gradients in saturated
soils in relation to length of floor and depth and location of curtain walls,
to replace the ewisting faulty conception of it The results expected are
of sufficient importance to justify the expenditure involved.
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Photo No 1
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was also diagramatically expliined. The diagram also indicated the
Tose ~fLond mimone ar shn wonetvonm and downstream pile and well lines
- from plate 111 of this paper and

L. Kanwar Sain said that Mr. Khosla's paper was undoubtedly
a great advance on the high road of investigation into the stability o
structures resting on saturated soils.

T "ML, . NSRRI S PP {4 e 7 IR | § R . LE .

. '
in the structures, and to record continuously the actual height of water
inthem.”

Qut of four weirs on S, V. P. pressure pipes had been put in only
at Suleimanke and at Panjnad. At Suleimanke, however, the sheet piles
going into the clay, these pressure pipes were only of local intersst and
would add nothing to our knowledge on the broad principles of this pro-
blem. The Panjnad weir had not yet started functioning.” Mr. Khosls
had, therefore, perhaps of necessity, to fall back mostly on the Narora
Weir data in_order to support his observations at the Dugri No. | and
the Jauryan Syphons, and thus gave them an opportunity of comparing
the data’on which Bligh based his theory with Mr. Khosla's own more
exhaustive observations.

r. Khesla admitted frankly in his paper that the Narora Weir was
standing in spite of the Bligh fine being dangerously below the actuals.
One of the reasons he gave for this was that water could not exert full
upward pressure on the entire area of the floor which was jn contact
partly with the soil particles and partly with water, also that the effective
area on which the full hydrostatic pressure could act was a function of
lhedpor;sit of the ‘fsulndnlion soil. Thus the average uplift pressure
under the floor would be a certain percentage of indi
Ko it might e moted that Dlivbes gmectionsns e ndicated presute
on the fineness or coarseness ¢ &+ - - . . N '
might be that Bligh in his fars - - . e Lt
cluxiomdbu«i‘ onbl{he' }l:laro;a e e e
also made it doubtful how far the nse of water in ; o
serve as a direct measure of the hydrostatic uphift or-:rﬁ-’euﬁogr":ﬁ{;ouﬁ
long a3 there is no cavity underneath the floor. the full upward pres-
sure indicated by the pressure pipe, did not come into play and the for-
mation of a cavity showed that the failure had already started by under-
e O T dran) fent line 1

erarding the hydraulic gradient line bei ' i
he would deaw atiention to Me, . I, Gogtans st o Sberuise
paper No 97, page 29, “the proposition ustrated in his Fig. 1 (i

' [}
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Would Mr. Khosta please modify this impression or confirm it
Tlasen- I

B L ey S N \

P e T et
& I S P
diffizulty in acta:l working provnided a workiag plan had been dlearly
thought out beforehand.  *

On psfc 206, Mr, Khosla said the reinforcement of the bottom
slab was calculsted both for uplife and for settlement due fo cavitation
underneath, Might he enquirs what was the size of the cavity assum
in the cileutations ? He doubted, if such reiaforcement was necessary.
He was of opinion that R. C. bax construction would be chesper and much
soand:r than a geavity ssction in the normal floor of a Weir,

Mr. Mithal thanked the author for mentioning him in the paper.
Hs dssired to assaziste himself with the dedustizns and theory brought
out by the author,

Mr.'G.|Lm3e‘¥ said t!mt lh‘c‘pepcf was a valusble contribution to the

chyr e el sleemacbee Ll e e

o . . .
pos . . .
publication ot vt IMIUSILS papel, 1L wouie De imploper Lo stite Ll
the general theory of hydraulic gradients as laid down by Bligh in his
text-book h1i " gone by the bowd ™ and it would be a poor tribute to
an engineer who had presented the profession with a useful working
' . 1
] L 1 ' | ]

taken into account when ealculating the length of the path of the subsaill
water. The implication in this theory was that the loss of head as between
piles and sand, of between masonry and sand, was only half that between
sind and sand.  For this there was little experimental justification on
farge scale. The theory was that water would always creep meticulously
round the outline of a2 masonry work where the path was assumed to
be of less resistance, rather than strike boldly across a gap of sand pure
and simple, for this reason it way sometimes knowa as the ** musk rat
theory ™ as that animal always skirted the boundaries of a room, haw.
ever complicated, rather than atrike across it.

Since Bligh assumed half the resistance, when the tand was in con-
tact with musonry, it was quite clear that if & sandy embankment filled
with water had a real hydraulic gradient of | in 7.5, the same matenal
il underlying & weir must be sven a valuc of “e " of in 15, This pomt
war weldom brought out suthaently,
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chain of reasoning that the result held though the relation of the levels
was reversed. .

3. The spesker failed to understand Mr. Khosla's use of the word
“boand™ on page {07, and also had grave doubts as to the accuracy
of his sazgestion that the full hydrostatic pressure was not brought to
bear on the floor, for the reason given

The only way in which Mr, Khosla's explanation was tenable lay
n imagining the floor perched on a large number of earth pillars of
relatively small diameter but large total area. Moreover Mr. Montaga
suggested that the American theory to which Mr. Khosla had referred,
was applicable to the case of pressures behind vertical retaining walls and
not horizontal floors.

4. Mr. Khosla made a statement on bottom of page 197 and top
of page 198 which appears to be in the nature of a general statement
of a law, wheteas it was in reality a statement of an unusual effect at one
place only, If Mr, Khosla's general theory were ttue {and the spesker
wis ervinzed o‘f !'his)‘ the‘n rlhe response of the‘ LS. W.L to “(‘:aml
ARG ! et Al 20

. " .

Clearly it was in such cases that the miimum danger was to be

feared. - P
’ [ L T L LI UV oY PP

.evels and

. PR that the

velocity varies with the difference in levels, 1f not actually wrong, was

only a rough approxmation. C 1 tat that  the

variation in the sezond case is directly with the differences, was subject

to the same criticism. The speaker emphasized that the deduction was
wrong and not the curve,

6. The author of the paper had been at some pains to show - that
Bligh's theory was unsound and on page 231 had compared the effect
of a pile line according to Bligh with actuals The speaker suggested
that a bettcr comparison was as follows :—

Bligh 18 feet pile=18 X 2=36 feet length 36X 7 =24' loss of

head. \
This loss is constant.
In praztice it wis foa1d that with high heids upstream, (98 feet) as
muach a3 465 herd was lost over the pile line whereas with low heads
upstrezn (41 feet) the effect of the pile line was only 19 feet.

Tt followed that deep pile lines and wells were generally more effective
than Bligh thought at high heads and less so at low

v

[ RN R K 1

* of obtaining
L . was notable
. . .
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The outstanding lesson of Mr Khosla's analysis of this failure was the
necessity of mpervious bottom lay ers of masonry on the downstream glacis.

8 In conneztion with Me Khosly's remarhs on Suleimanki Weir,
the spesker areed as to the advantates of a sheet steel pile line at the
downstresm edge of the ghiers but this line of piles must on no account

¢ driven into the clay liyer.

. 1f the pressure applied by the upstream water level, and found to
exist under the glacis was communicated through the interstices of the
existing pule line under the crest, then to drme the new pile line down to

Ay was courting sure disister.

9. R [n connection with hydraulic laboratory experiments, the
spezker's recent visits to Poona and Karachi had reminded him in no
uncertain manner of the difficulties involved in model experiments

i. The scale factor affects velacity and rugosity i a proportion
different from that of the scale.

u  There is no silt movement helow 088§ p.s.

@fs Any natural swirl assumes its full stze: in a model whose
sertical and horizontal scales are not the same, thus destroys
the relation at once.

The speaker therefore supported a plea for research on a full or
natural scale, into the problems set forth by the author.

10 The speaker held that the author’s conclusions were warranted
on the whole but urged caution in regard to—

i. wholesale condemnation of Bligh whose results if nct his
methods were sufficiently accurate for working rules over a
long period of years,
it. rehef stramers: the speaker repeated and emphasized his

reasons for distrust of this device.
1. Mr Montagu concluded with a plea for a reasoned nomencla-
ture and notation.

Mr. A. A, ‘Musto, relerrmg fo pege 197 (l)|. quesncrnled whether
P \0s TESHIE, A .

With reference to para. (2) on that pege ke said that Bligh himself
gave a margin of 33 per cent. for safety, It was hardly fait to blame
Bhigh for errors in his theory, only discovered as the result of applying
this theory to designs. Previously there Fad been no theory and only
rule of thumb design, Blgh as & picneer Fzd dorne a great service to
design however many mistakes there might be in his or gina’ tertative
theories. The unkalanced head {non-apparent) referred to by Mr. Kicsla
ought to be very small if piping had not started ard if the correct
efficient of creep had been taken for design. It seerred to Fim *

\ - inconsistencies and dangers observed in existirg ©'d werks were
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always much more probably due to faulty work, eg, non-watertight
Tmes of wells, than to mistakes in design or theory.

He doubted if all these works were protected from creep of subsoil
water at their ends i.e., along the river banks as well as in the direction
of river flow ; if not, they would fail from this direction. When designing,
the whole plans of the work must be studied for protection and not
merely a cross section in the direction of the river.

No complete plans were shown in the papers. Surely if a scour
hole beyond the end of the pacca floor (toe wall) caused piping it could
only be because the co-efficient of creep had been taken too low in the
defégm ‘Of course if scour were a“owe(} to comc'right l)ac!c to the toe

'

the toe wall by providing an ample falling apron which would keep scour
held up at a distance.
Ao grace muwvante fa miveonte mavallal with iha ndaa of sl Ll

P .
pstream and d ) he d, throwing out groynes of pitching
stone beyond the edges of such aprons thus:—

Pivewine  pmnon

These groynes would fall sideways (with cross currents passing over
them) and they should be much thicker at upstream or outer ends than
at the edge of apron. They would then fall in this form:—

Gaoyue
620 v

Gno vt
GOy me

7
£
(-S
The spacing, contents and form of groyne would need care
consideration, The above was only a rough suggestion.
Re erring to the Narora Weir the speaker said that an upstrear
puddle apron was in his opinion unrel able, as it was practicall
to make a watertight junction between puddle and a perti
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ather masonry or steel piling.  The slightest settlement or contraction
of the puddle would break what shght seal had been obtained by pud-
dling against the wall. The only way to obtain a seal would be on to
honizontal baffles built into the wall and surrounded by puddle. Even
with ths, uneven settlement might cause shear through the puddle and
give a lesk.

MAasonRY
BAEFLE

It was also doubtfu! if either of the lines of wells under the floor
are really watertight. Ths was probably the main source of weakness
in the floor.

Referring to Rasul Weir the speaker asked what was a Kharanja,
When local terms were used they should be explamed. )

[t seemed bad policy to lay masonry on dry stone filing which was
almost certai to settle or compact jtself and thus gve rwregular support
to the masonry and even 1f the masonry did not crack and settle would
Ieave pipes for flow of water belowit. Would it not be better to lay the
masonry direct on to the compacted sand? .

Referring to the Marala Weir he asked how the “hollow under-
aeath the concrete blocks laid to replace the hfted Kharanja layer "’ was
observed. Were not these raised cills a source of dangerg. Would
not a Jower cill (plus rising gates) get over much of the standing wave
diffieulie P IR SUN B

A 624
block should be not less than 9 X 5j75 = 4 fr.
i i i he greater effect of
d l e Weir he said that the T
venigiffinfrz;go;"obsst!rxucgil;lkﬁe., piling as compared w;idl ho_nzon%l ob;
struction was due to the fact that any sand d.lsp:}uf u.agan;zrst si an
piling was immediately replaced by further sand falling from above
whereas sand remoyed from un! der the
be replaced by further sand cartied by fhe 20
posited the:ie. If féping‘gnce ;;;‘:s i
ever be r sited in these =
erH: a:tac;:; 3 gketches wil:h pfa{:tclllaﬂcm‘ :: ;1" tests of B’Iqhu;]e aep
ig‘::j:é i‘;kkMu: ”ﬁk}fv.'"ﬁl::mfnﬁ .‘E!ecuﬁw Engineer, Left Work
Division, and verified by the speaker.
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EXPERIMENTS OBSERVED BY Mr. M. P, MATHRANI,
EXECUTIVE ENGINEER, LEFT WORKS DIVISION AND
VERIFIED BY Mr. A
NEER, LLOYD BAR
CO-EFFICIENT OF
RIVER SAND) AND
Pruvgletn hied of (e oreprm -

Rtax rirehigy por i
Siwnn mn &

s optinas onr ol Acend 57 sensens mars

smi

Sketch showing the difference of water level on the two sides
of diaphragm piles at the end of season’s work (1927-1928).

Coneficient of creep (R L 1B=UNHUEI=1 49
_ 346

Possibly these piles passed through a layer of clay.

(2) Sketch showing the water-level on two sides of Cofferdam piling
(season 1928-29), 27th May, 1929,
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Length of crees
p on mer side of piles = 17,
= 172:0—
Za 15037

Length of creep on cofferdam side of piles = 180-5—
304 150:37

Co-effictent of creep.. 56250 = 8.

() Skch shown
g water levels
nesr e N3 (oenson 1028-1929) S Rt den, of cofferdam pi
[ . <

tond shes

wropwekin i pot

(840-1554)-H{IT6 8155 4
108

Co-efficient of creep =
_ e
108

= 30
108
— About 5.

X @). It 4s found that & sand bund can .stund a hydraulic gradj
1in3 (witha total head of 18" of water) without breaching. B: tlcnt or
these conditions sand is always on the move. under

If the section is wide enough 10 give a hydraulic gradient of J ;
there is praclimlly no movement of sand, but water s1mply cozes ind,
at the toe. This has been tested on various occasions (up 10 Jg/ ty

Me. Khosla, in reply. to Mr. Kanwar Sens appreciated Aty exd),
remarks suggesting extensive use of stand pipes for findnz oy, 1.5?6”.'
laws of hydraulic flow as affecting the weirs: € questryof L Hue
water pressute acting o the whole of & part of the area wyyj, F

P e rerd
practically all the speakers- by

Little expcﬁmcntal data existed on the subject but iy,

i illary state could not exert the b ERTent
pressure ; SOME tests i s
of these tests wou! d
went they, helped to suprot the th
M. Burkitt ascnbes this pheromeron to the surle” ~ s
Ed = -
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microscopically small filaments of water between the grains of sand,
which tension must be enormous and must act exactly like friction.
A confirmation of this view could be had from the floor of the Passia
siphon of the Upper Chenab Canal where the weight of the floor slab
plus that of the middle and side walls was only 65 to 75 per cent, of
the total indicated pressure and yet that light floor was standing
intact, Careful i ] work was required to determine the exact
percentage of indicated pressure which should be allowed for in
designs. In the text, the phrase * water in bound state *” had been used.
Tt was the same a3 water in ﬂ’:e c;:‘pilla‘ry state. Dx'rect'l?'. 'wa(er |decr

the eapillary ot bound state, and would start exerting increasing up-
ward pressure on the underside of the structure till in the limit this woul d
get in contact over the whole area with a continuous sheet of water and
the full indicated pressure would be exerted. Other points in this respect
had already been explained in the text.

M. Soelotoee oot o V1. definite area of pipes, a condition

where the depth of subsoil was
refore, indicated large velocities,

Mr. Kanwar Sen had rightly summed.up the conclusions which the
author had in view in writing the paper. He, the writer, agreed that
a monolithic form. of concrete construction as was being done at Panjnad
was the best possible safeguard against uplifts of the type that occurred
at Marala and Rasul.

The bottom reinforcement of the floor slab was calculated on the
assamption that the maximum cavity would not exceed half the effective
span of the slab.

Regarding the difference between a reinforced concrete and_a
gravity section, there were both advantages and disadvantages. The
gravity section was more elastic and therefore local damage could be
spotted and set right much casier, but the reinforced concrete floor gave
no indication of trouble until large cavities had occurred, which resulted
in the first and fina) collapse

. Mr Lacey introduced an important point that according to Mr.
Blich the resistance along sheet piles or masonty face was half of that
which existed in sand. His remarks in the last paragraph were instrue-
tive.

Mr, Colyer suggested tests in the Liboratory with which the euthor
was in whole-hearted agreement.

Regarding soda cement, the proportions generally used were linl,
to 19n 4: the more the soda the less the strength,
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The relief pipes were genenally fixed 10 to 15 feet apart, or as the
local conditions survested

The true free water surface 13 determined by inserting a filter pont
inthe open bed of dramn or river till such depth that the indicated

water leve] inthe pressure tipe does not nwe any further. Thisdriving
should be done graduslly toget good results

The author wesin general agreement with Me Colyer regarding
the element of nel mvolied n having the tail end of the pacea floor
Testingover a pervious laver of stone and shmgle Mr, K{auﬂo had
drawn attention to this very point  The best practice would apparently
be to rest the psces floor on compacted sand and give a length of thick

inverted filter covered over wath suitable thickness of blocks, just below
this pacea floor

Mr. Montsgu's suggestion  regarding Joganthmic plotting  was

accepted with thanks, as it would help matters a great deal, and probably
bring forth fresh ideas

Mz, Montagu _had nyhtly drawn attention ta the fact that a line of
sheet piling of wells beca

¥ Seame mor« effective as the head increased—a fact
which, Bligh haDr“mB: owed for  The lows of head—as mathematically
established by s for intermediate sh ling—varied with
) N e sheet piling—varied with the
Aoty of under flow, viz , Fp==y 5 2. B
}E but had not suspected the variation h}i‘h had n‘)nudrr‘nl the length
y ) with y—y Joci i
explained Why;h.ee‘ ;;m;g; e more effective mt high hode This
ation of standing wave was ha P
T"e Oalmcrted the suggestion of mrry;n'ﬂu".",":{kl. Burkitt's method.
He fu} ly 5“!Pl’qn 1l sized structures el experiments and
experiments . Monta
th Mr. Montagu regarding 1}
He also agre"li :sl:\ess- of relief. stramers and reg.‘rfl.,'“;".‘}:ju} itity
if not the utter ;lsz ‘en =" the terms used in the paper hanga iy
nomenclature of Mausto, he said that the question of uplft pey,,
ly to Me. Musto 35 70 o other speakers’ enticisme Mo
5 l“nr ‘:gyybeen dealt w-lhhm n;pdypa ricles in contact with fFe under.
alre . the s
Vo e o b e themselves “"d"wegi:;lt acting downmard:
side of the floot ;:se particles had their 0"""& pressure to the floor slab.
was correct, but t " oansmilt the full upwac@ PEETEL, o Taid for the
and as such cou‘d,“::d imself in BPP".“““"%, was in no way intended
The author 23S0t 0y My Blish Fbi PR process of evolution
engineering Pro elﬁ hs efforts. Knowledge was quite Ratu
belitle Mr, Blc! on old idess ion had al
to ach the new advance o0 S0 o cvestion had alresdy been
and as such ressure from the sides, < and sheet piling was conse-
Regarding P e of the Tecent design’ nd on the flanks.
considered in S m, downstrearm g
1y provided upstfear bat puddle never made s .
quently P‘ ceed with Mr, Musto thal
s0 8] i 2
fuctt‘:; ;Oint with a pacca vertieal face )

3 Al

o,
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Kharanja meant stone on edge. The settlement of the floor helow
the blocks (or slaba) laid in 1929 occurred abave winter water level
and could therefore be distinctly ceen in the dry,

The author_finished by thanking the varicus speskers for the
interest they had shown in the paper as evidenced by the discussions.

The President, in winding up discussions on Mr, Khosla's paper,
thanked him on behalf of himself and all the Congress Members for
the very interesting paper, which will greatly stimulate further investi-
gation into the subject. He also thanked Mr. Musto for his eandid
criticism and assured him that the papers in future will see all the
impr so kindly suggested by him.




NOTE ON THE PREPARATION OF DIAGRAMS AND
DRAWINGS.

The following hints are put forward for the benefit of members
preparing papers so that the drawings may appear to the best advan-
tage.

Most drawings prepared for ing use are totally unsuited

for reproduction. Special drawings should be prepared.

Alldrawings should be in black only, as opague a black should be
used as possible on a white paper or on tracing cloth, The usual Indian
ink insufficiently rubbed down makes a clear reproduction difficult.
Red is unsuitable and other colours fmpossible.

Diagrams on the usual departmental squared paper (or any other}
are quite unsuitable for reproduction and should be traced

The of most drawings is enhanced by phot ht
reduction. To enable the press to do soths following points are braught

to notice.

Lines must be boldly drawn of fair thickness so that they may not
disappear aliogether when photographed. The thickness of line must
be regulated according to the amount of reduction intended.

Printing should not only have the size of letters sufficient but the
thicknees of Jine in the body of each ltter or number must be attended
to. A fair proportion of thickness to height may be judged by referring
to the standard stencils in any drawing office.

Seales should be actually drawn on the drawing and not indicated
by fractional equivalents.

Ttis suggested that drawings foolscap depth with §” stencilled
Jettering or double foalscap depth with4” stencils be  * L
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Kharanja meant stone on edge. The settlement of the floor helow
the blocks (or slabs) laid in 1929 occurred above winter water level
and could therefore be distinctly seen in the dry.

The author finished by thanking the various speskers for the
interest they had shown in the paper as evidenced by the discussions.

The President, in winding up discussions on Mr. Khosla's paper,
thanked him on behalf of himself and all the Congress Members for
the very interesting paper, which will greatly stimulate further investi<
gation into the subject. He also thanked Mr, Musta for his candid
criticiem and assured him that the papers in future will sec all the
imp: ts so kindly d by him.
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~ oo The settlement of the floor below
accurred abovc winter water level
een in the
The nud'mr ﬁmsln:d by thanking the various speakers for the
interest they had shown in the paper as evidenced by the discussions.
The President, jn winding up discussions on Mr. Khosla's paper,
thanked him on behalf of himself and ail the Congress Members for
the very interesting paper, which wilf greatly shmu.lau: further investi-
gauon into the subject. He also !hanﬁed Mr, Musto for his candid
crmclsm and assured him that the papers in future will see all the
impr so kindly d by him.
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Prepating papers so that the drawings may appear to the best advan-
tage.

Most drawings prepared for engineering wse are totally unsuited
for reproduction,  Special drawings should be prepared.

Alldrawings should be in black only, as opaque a black should be
used as possible on a white paper oron tracing cloth.  The usual Indian
ink insufficiently rubbed down makes a clear reproduction difficult.
Red is unsuitable and other colours impossible.

Diagrams an the usual departmental squared paper (or any others
8r¢ guite unsuitable for reproduction and should be traced

The of most drawings is enb d by phot. B
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to the standard stencils in any drawing office.
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. Supply of Road Metal in the Punjab.—~G, T. Pound.

. Sub-soil Water in the Punjab Plains.—]J. H. T. Middleton.

. The Electrical Equipment of the North-Western Railway

Power Station and Workshops at Moghulpura~K. Pres-

ton,
. The Use of Mud in Building Construchon —D. Macfarlane.
. Water-supply Improvements,—W,
. Notes on Exhibit of Road Transport Velm:les and other

Plant.—W. S. Dorman.

Vorume XI—1923.
Some Problems of H.|gh Voltage Transmission in the Lower
ayas.—Lt.-Col, B. C. Battye.
Percolation and Absorption of Water in the Seil—B. H,
ilsdon.
Notes on Cracks in Buildings in Dera Ghazi Khan—J. H.
Johnston.
Application of Modules in Irigation~E. S. Lindley.
Note on Locating of a Burst Main~W, E, Buchanan.

Notes on the Rushng of Steel in Contact with Lime Mor~
tar—A, R. Astbury.

Vorume XH—1924.

Tests carried out on Sand from the Sutlej River and Punjab
Portland Cement.—A. N. M. Robertson and A. Weighall,

. Temporary Quarters, No, 1 Division, Khyber Railway.—

Major E. P, Anderson, D.S. 0., R.E,

Notes on the Design of erdcr-brdgc Abutments for Broad-
gauge (5' 67 Tracks—N, G. Watson.

Ecsnomxc Railway Construction—Major E. P, Anderson,

Some Aspcds of Track Maintenance and Permanent Way on
the North-Westeen Railway—N. G. Watson.

. Low Fall Hydro<lectic Power Installations—NMMajor J.

ford,
Discharge Curves and a Slide-Rule.~E, S, Lindley.
Notes on Acrial Photographs of Canal Works —~E. S. Lindley.
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Draglines and the Development of the Single Bucket Excava-
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Tansportation of Silt by Flowing Water—P. Claxton,
Prinaiples of Design_for Proportionate Fi .

e et Singh, o omte Flumes at Heads of
Canal Falls and their Uses as Meters.~E. S. Lindley,

Vorume XIV—1926. Rs. 10,
The Sub-soil Water Table and Methods for its Investiga

tion.—B H. Wilsdon.

. A descriptive note on the North-Western Railway Creosoting

Plant to Dhilwan —Wazir Singh Aggarwal.

. The Relativity of Navigation and Engineering Science.~P,

Claxton.

Design of Canals.—Mohamed Ibrahim.

Concrete Linmng of the Gang (Bikaner) Canal—C, E
Jefleris, o

103, Weirs and Headworks on the Sutlej Valley Project
104 Tionnézted prob!cms.f—fi. o oy. y Project and same
. e nstruction of the Rawalpind:i City Wat
Extension Scheme.—]J. A. R. Bromage. ¥ Water-supply
105, The Metering of Wi pplies —W. E. Buch

. Modern Road Construction—G. T. Pound
" Note on Orzanisation of the G

Vorume XV—1927.

School of Engi
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ing, Punjab, Rasul —C. E. Blaker.

. Interlocked Adjustable Medule in Precast and Reinforced

Concrete Units.—A.

. Khosla.
. Note on Outlets and Adjustable Proportional Modules.—

J.D.H Bedford.

. Report on Flume Experiments on Sirhind Canal~A. G. ¢,

Fane.
The Broad-crested Weir Meter—C. A. Colyer.

" “The Principles of Design of a Dissipator belowa Fall—C. A

Colyer.
. Portland Cement—Campbell Gray.
. Report on Tensile Tests of Various Mortan—C E.
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Cheap Feeder Railways of 5 feet 6inches Gauge and the
Bahawalnagar-Cholistan Railway—T. N, Kunzru.

Experiences with Diesel Dragline Excavator—]. D. H.
ord,

The Svudan Public Works Department—D. Macfarlane,

Water-supplies to Towns in Canal ‘Colcm'c:—]- AR
romage.

Inundation Canal Practice—P. Claxton.
R:inforccd-Conat!e Bridges on the Sirhind Canal—

. C. Fane.

Reinfarced-Concrete Trough Construction—A, N. Khosla.

. The Future of Communications in the Punjab— Major H, L.

-Woodhouse.
Bituminous Road Construction—W. 8. Dorman,

The treatment  of water-logged or threatened areas by
changes in distribution and supply of irdgation water—
B.H. Wilsdon.

Vorume XVII—1929. (OuT of prant).
Headless Canal Meters—F. H. Burkitt, 0. B E.

. Encrgy of Flowing Water, Critical Flow and Stinding

Waves—A. M. R. Montague.

. Extension of the Training Warks at the Jumna Bridge near

Kalanour—D. C. Varma.
Scientific. Dustribution of Csnal Water and the Use of
Auto-adjusting Distributors—Radha Krishna Khanna.

The Tubewell Practice of the Public Health Circle,
P. W, D., Puniab—D. A, Howll.,

Pucnli:lx Timbers  and Methode  of Extaction—H, M,

over.
Locormntive ard Drinking Water Supply on the North
Western Rulway—], Vardon.

The Purchase of Cement for Government Works—A, R,
- Astbury.
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Vorume XVIII~-1930.
Construction Plant and methods used on the Uhl River
Hydro—Electric Project—Col B. C. Battye, R.E.

Hydrsulic Observations of the Shyok Flood of 1929—
J. P Gunn,

Eroston in the Punjab Himalaya and its probable effect on
water supplies—L. B. Holland and H. M. Glover,

The Survey and construction of the Kangra Valley Railway
—Captain R.D Waghorn

Earth Roads—S G, Stubbs,

Hydraulic Gradients in subsoil water flow in relation to
stability of structures resting on saturated soils—A. N.

Khosla.

Some _interestinz Tube wells on the N. W. Railway—],
Vardon.

Exponential law of subsorl flow—Dr. N. K. Bose.

Energy losses over long crested weirs—]. D. H. Bedford
and A. M. R Montagu

Stability of weirs and canal works—A. N. Khosla
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KENNEDY MEDAL.

. Whereas s fund has been \nstituted 1n order to give public regogni-
tion to the work of Mr. R. G. Kennedy, CIE. late Chief 'Engmem:.
P“"r}’v in certain dasses of research. and whereas the main object of this
fund is to encourage further study and cesearch in \rigation science, an
wherows the subsenbers to the said fund have ‘Jetermined that this abject
€an best be attained Ly the grant of a medal to be awarded from time
e SERNEENT L far the best published papet 02 such
L D 1T the follow-

1. A medal shall be awarded for the best pubisne= ,er on any
of the following subjects —

(a) the distribution of water for yrrigation §

(8) the condition and flow of subsoil water with its connected
problems of losses of absorption within the sail 3

(c) the flow of waters the transportation of silt by currents of
water, and the prevention of silting of irrigation canals 3

(d) and generally any kind of research t.ending to bring about the
conservation of watel for irngation of }he xmpgovement
of canal irngation and the reduction of evils resulting from

irfigation.

. 2, The competitions are open to all persans resident of employed

in of retired from the engineering sorvices in Jndia: whether official o

non-official,

3. The papers submitted for competition, must cither have been
published in some engineering oF scientific journal ef read at some
engineering ot scientific societys conference, congress of institution prior

=3l (ocics data of the competition«
foa 0 . . .+ tweeemice whether
oot ' " . . .he award
] . . - al
5. ‘The closing date of the next com . w thelstol

October 1930, and thereafter competition will close an the lat of
October of each year.

6. Papers or the competitions and correspandence should be ad-
dressed to the Honorary Secretarys Kennedy al Fund, Clo the
Under Secretary, Public Works Department, Secretariat, Lahore.
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