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NEW IRRIGATION ERA XV - JULY 1977.

EDITORIAL.

In the first article under the topic “ Scope for increasing the water resources for
irrigation in Tamil Nadu ” Thiru R. K. Sivanappan discusses the possibility of bringing
west flowing river waters of Kerala to Tamil Nadu and thereby increasing the irrigated
area and food production to feed the growing population of the State.

Under the caption “ A note on use of Araldite epoxy resins for lining of water
canals ” by Thiru M. Balasubramanian, the various advantages that could be derived
from the use of Araldite for lining the composite surface, precast composite slabs with
a central manufacturing yard and steam curing instead of normal curing by water and
the use of the same in the *“ Periyar Improvements Scheme > are suggested. The author
has explained in detail as to the method of preparation of Epoxy mortar and preparation
of base and its advantages and disadvantages.

Thiru K. S. Ramachandran, in the third article, viz.,, “ work by construction
equipment with special reference to earthwork by heavy earth moving machinery
- -Accounting by ‘ Use Rate ' method-some suggestions ” explains in detail the method
of fixing the use rate that would be borne by the work for which the machinery was
used. The author has described in detail as to what contributes depreciation of a
machine such as whether a replacement of tyres can be included under depreciation, etc.
The author has explained as to what is use rate.

In the fourth Article ** An Electronic Device for settlement measurements the
author Thiru T. K. S. Ramanujam  details about the three systems of
detection of settlement measurements, and the principles involved in them and the
fourth system developed by the Soil Mechanics and research division, P.W.D., in
which a novel elecironic torpedo is used, its advantages and its timitation of use.

Finally in the last articie Thiru K. Ethirajan, throws light on different aspects of the
prediction of the probable changes in the river dimensions and nature in a fairly
scientific manner with special interest into the Engmeenng Point of view, the relative
influence of water and sediment discharges in a river on the dimensions of river in the
form of equations, formula, etc. The author concludes by saying that prediction of
the future changes in the regime of a river or channel must be carefully made and
considered in designing any river diversion, cross masonry or irrigation schemes.

Last but not least we request all Engineers tof contribute articles for the pubhcatnon
¥ the future issues of the journal and serve a good cause.

(EDITOR)
Vs



SCOPE FOR INCREASING THE WATER
RESOURCES FOR IRRIGATION IN
TAMIL NADU.

By
THIRU R. K. SIVANAPPAN*

Introduction,.

Water is the most important single requirement for
the growth of plant. The crops can be grown success-
fully. if adequate quantity of water is avatiable through
rainfall or irrigation from ecither surface or below
ground. Rainfall in most parts of the State is confined
mainly for three months from October-December. In
other months, the need of water by the crop is to be met
by irrigation. Irrigation, the artficial supply of water
to the crop, is as old as civilization in India and it is
needed not only in the low rainfall aréas of Coimbatore,
Dharmapuri and Ramanathapuram Districts, but also
in high rainfall areas of Thanjavur District. Research
findings have high-lighted the importance of * adequate
soil moisture during the crucial stages of plant growth
and hence the necessity for adequate irrigation facilities.
In olden days, water resources were plentiful in relation
to the man’s needs. Thé irrigation works. in existence
. at the beginning of the 19th century included numerous

wells all gver the country, a large number of ta ks in
Tamil Nadu, like the Viraparayana and Gangai Conda
Cholapuram tanks which were constructed as early as
the 10th century. The Grand apicut and Upper anicut
built in the 2nd century AD was by far the greatest
engineering feat of ancient India. ,

The development of .irrigation has been taken in a
big way only after independence. As far as 1903, there
wére only about 20 irrigation projects in operation
irrigating’ 0.55 mha. ~From 1903-1951, the fellowing
projects were executed; 1. Toludur project, 2. Cauvery
Mettur project, 3. Kattalai project. In addition, sub-
stantial improvements were carried out 10 regulate

floods. By 1951, a total of 24 major and ' medium

irrigating a total area of

projects were there for
0.85 m.ha.

During the First Five-Year Plan, nine - irrigation
projects were taken up to benefit a total area of 022
m.ha. Five schemes were taken up during the Second Plan
irrigating 0.12 m.ha. other 12 major 4nd ~medium
warks to benefit 0,135 m.ha. wete taken up'in the Third
Plan. In the Fourth Plan,
irrigate 0.028 m.ha. and apother 'elght projects . are
proposed to be taken up, in t{lgxé'FifﬂJ Plan petiod.”

10 projects were takem up to’

The number of wells in o ion i
of we peration in 1953-55
only 7,91,215 irrigating 0.454 m.ha. of land andwf}rlz
demand of water is so much, the total number of wells
a;tlgresel:lt h;ﬁe been increased to 1.40 million irrigating
1.10 mh. ere are about 38,000 tanks i
Irrigating about 0.90 mh. fanks inthe State

2. Water, Land Resources of Tamil Nadu.

The average annual rainfall of the State is 9
Th's amounts to 12.3 mhm of water. But the rai{ifl6 wr:?elx.'
is lost by evaporation before and after reaching the
surface. from soil cr water surface and the available
water is calculatéd as 6.07 Mhm and the utilisabl
surface flow is ca'culated as 2.486 mhm by Sakthiq
vadivel (9). The irrigation commission has esti’mateé
that."the total available surface water is estimated as
1.97 ' mhm of which 1.56 mhm have been utilised before
1951 (6). The new prajects taken up since then would
utilise an additional 0.16 mhm leaving only 0.24 mhm
for further development.””  °° A

(b) Ground water—The bltas'k for ‘
. -. - ce
tvc}r]atcr_. Planning Commission, New Dejhi hasOIZak%lrxcl):rt{cl:ii
ogtg(r)(fjutrlllciiswaltg 1t>olte(t)ma1hin the State as 1.40 mhm (7)
i this, about 1.0 mhm has' been t X
1.4 million wells in the State. In additionapriﬁ(iis tShtra(zggh
getting about 1.5 mhm of water from nejghbour; 2
basins (state) (9). gibouring

(c) Land resources.—The geographi

State is 13.0 M.ha. of which abogu?gZ.O‘())S c:ihageai\s (:fnah :
forest and only about 6.1176 mha. is used for cultiver
tion. The gross cultivated area comes to 7.65 m.ha Tl?-
net and gross irrigated areas are 2.82 m.ha. and S'Gg'
m.ha. respectively.  The National Commission

agriculture indicated that the ultimate irrigation pot ﬁon
of the‘Stqté‘*xﬁs only 4 mha. of which 2.5 mh':n a%
paddy which is same as the present area of cultivati .
but the irrigated area under cotton s given as 0.55 iy
though the present area is only about 0.1 m ha m’li?
fﬁp;,gm¢QIUVatxon area has been  noted as 9.5 mha bu:
is may go even up to 10.0¢ ' more e
ey I o (6)? m.ha. and not  more thaiy

* Professor and Head of the Department of Soil and Water

Conservation Engineering, College of Agricultural En?i. -

ncering, Tamil Nadu Agricultural University, Coimbatore-3.
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The area irrigated and the total water required for
irrigauon and for other purposes as at present and in
the future (say 2000 A.D.) are calculated and given
below.

PRESENT AREA OF IRRIGATION AND WATER

REQUIREMENTS.
IR T
5 & i g
& ° o8 =
. g ) g 2
C . g n B ] -9 3 .
ot % 88§ 5y &2
o FE sE g e
< =° 58 = =7
8 Se Z8 gu £¢
< & ES Z &
W) (2) (3) 4) (5) (6)
Paddy .. 250 160 40 120 3-00
Millets .. 033 60 10 50 017
Groundnut and
Cotton 0°46 75 15 60 0-25
Sugarcane
Banana. 0-39 225 50 175 0-70
412
Drinking water and for industries .. 052
Total 464
or

470 m.hm.

The sources from which this is obtained are as
follows—

Surface water .. - ee  2:50 m.hm.
Imported water from outside 1':50 m.hm.
the State..
400 m*hm.
90 per cent Of thisisused .. .. 3:80 m.hm.
Ground water used o - - 090 m.hm.
Total water used - 470 m.hm.
AREA TRRIGATED IN 2000 A.D. AND WATER
REQUIREMENTS.
g
e
&
j Amount of water requi-
Eoa red excluding rain in
Crops. e m-hm.
UE
<
(1 2) (3)
Padd . e 250 250 x 120
y e— = 3‘00
100
50
Millets, Groundnut and 110 1'10 X — = 0°55
Cotton. 100
175
Sugarcane, Banana 040 040 x T 070
Totalarea .. 400mh.

2
Drinking at 170 litre/day . .. 0-45
Industries . .. .. 0-80
Total .. 5'50 mhm.

The sources from which this is obtained are as follows—

Surface .. 2:50 mhm
Imported from outside the State. 150 mhm
Ground water 1-50 mhm

5'50 mhm.

From the figures given, it is ob. i
available water, only about 4 m.lslzfvzg.nt%t: i\:';tihagg
which may be about 40 per cent of the cultivatedgarea
at that time. The_ percentage of irrigation for the entire
country would be increased from the present 23 per cent
to 54 per cent and in Kerala, the figures will be from
20 per cent and 82 per cent. This indicates that Tamil
Nadu will lag behind in terms of irrigation facilities and
in turn the food production may not be sufficient for
feeding the growing population ‘at that time though it is
more or less self-sufficient at present. Then the question
will be how to meet the increasing demand of water for

the future in the State. The followi
can be attempted. owing ways and means

(a) Desalinisation of sea water.,
(b) Cloud seeding.

c) Int ing i
©) mq qrg;lsl'xcmg improved water management tech-

(d) Practising the advanced methods of irrigation.

(e) Reuse of waste water w i
as .
waste water, 8o and - industrial

(f) Diverting the water fn
rung om North
flowing rivers (Imported water). and Went

Among the above six i N
the river water which the last item namely diverting

) flowing in the west in K
g:;\éz wex(lil be a very good proposition and the saI::ali:

1ssed in detail in this paper. However, we will
consider the other methods also. ’

(@) Desalinisation of sea water—One

us}elx_bl;, water is found in the saline waters of tsk?:r;cor%
r}rl ich is abundant, This is possible for this State since
d e eastern boundry is the Bay of Bengal, Scientists
ave developed techniques of removing the salt from sea
water, But the cost is not conducive to convert th
water for the use of the community. There are morg
than 300 units installed throughout the world for con-
version. The rate of conversion for 1,000 gallon has
been brought down from $5.00 in 1950 to 50 cents
in 1970. The engineers are confident in bringing down
glez cost to 10 cents|1,000 gallons which is equivalent to
22]acre inch or ha. cm. The cost of well water in
Coimbatore considering the cost of well, pumpsets, etc

comes to Rs. 15-20 acre-inch. Thoy :

for conversion its utility is limited inghthethezg;:t; s;‘:‘;:
for drinking and industry. This cannot be utilised for
irrigation areas which are in the interior and at hj }
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clovations. Again the sea water has to be pumped and
conveyed through pipe lines for irrigation and hence the
chance of conversion will be less for irrigation needs.

(b) Cloud seeding.—One of the interesting deve~
lopments in man’s search for additional water supplies is
cloud seeding. In this process, silver 1o_d1.d.c and dry ice
particles are introduced into the air to initiate formation
of drops. When it is examined and questioned whether
cloud seeding really works, the answers are different.

In Israel, seeding clouds with silver idoide from air-
craft has indicated that the percentage of additional
rainfall varies season to seasom, but was increased to
18-19 percentage on the average for the entire
experiment. The data suggested that seeding may have
occasionaly very strong effects and little or no effects
on most days. The experinment conducted at White top,
California has indicated that the estimated average loss
of rain within the whole region of about 100,000 sq. mile
was 21 per cent of what would have fallen without
seeding. When a S year experiment, expected to produce
a 5-10 percentage Increase, shows a 20 percentage
decrease in rainfall. The relevant technology does not
appear reliable enough for practical use. Even if it is
successful the economic feasibility is to be taken into
consideration. However, considerable effort is being
devoted towards improving techniques of control and
measurement. The cloud seeding is praciised in US.A.
Australia, Israel and other countries. This method may
be adopted only if the experiment is proved sucessful.
Hence there is not much scope for this at persent.

(¢) Introducing improved  watcr 'management
techniques.—In India, much attention is given by our
engineers towards construction qf dams, canals, but not
on the quantitative and qualitative aspects of water use
on the farm. The traditional system of irrigation 1s
being followed without any change 1 spite of the latest
techniques found in irrigation for high yielding varie-
ties and multiple cropping techniques. Large quantity
of water diverted from canals and pumped from wells
are lost by seepage and evaporation. ‘The doss from
field water course alone is estimated to be about 15-
per cent of water delivered at the canal outlsts. Further
inadequately or improperly -designed field irrigation
system and unscientific water application methods are
the causes for losses of water. The 1os§es often. create
problems of drainage and salt. accumulation. ~Therefore
efficient water management should be essential feature
of our irrigation planning. }nteg;ated development of
water resources by.a conjuctive use, efficient methods
of conveyance and distribution of water on the farm,
judicious methods of ~water application, proper soil
management practices and cropping pattern of high water
use efficiency, selection of suitable irmgation method
according to the persent need and the removal of excess
water are the important requirement for better water
management on the farm.

(d) Practising the advancea methods of Irriga-
tion—The method of ‘itrigation’ followed at -present 1Is
still the same old system adopted thousands of yesrs ago
by - our forefathers. Though man has walked on the
moon, the irrigation method .has not yet changed.
Further it is difficult to convince the farmers to change
the method in order to economise the available water.
Even surface method, by providing suxtable‘basm sizes
and introducing skip furrow and alternative furrow
irrigation, it is possible to reduce the irrigation water.
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The sprinkler method which is practised all over the
world will be an advanced method of irrigation and this
can be practised in areas where it is economical and
advantageous. One of the recent methods of irrigation
is the drip or trickle method which can be used for vege-~
table crops, firuit crops and other cash crops which are
grown in rows. In this method, water is given to each
plant to its requirements at the root-zone and hence the
saving is about 60-80 per cent. By introducing the
above method of irrigation, it is possible to save larger
quantity of water which in turn can be used to bring
more area under irrigation. However, the requirement
of water for drinking and housechold purposes and for
industries cannot be brought down, but will be increased
in the years to come.

(e) Reuse of water—The effluent waste water has
been used for agricultural and recreational purposes in
California, New Mexico, Texas in U.S.A. and in
Africa. The use of sewage water for domestic recyel-
ing is well known in South Africa and Los Angeles in
US.A. 1In Israel 18.5 m. cum|year of municipal waste
water effluent has been used for irrigation and 37 m.cum
year for industrial purposes. As a potential water con-
servation method, some cities in Japan have built large
industrial water reclamation plants using waste water
effluents as source . The sewage and waste water from
the industries can be reclaimed and used for irrigation
and other purposes.

As stated above about 0.52 mhm. of water is used
for drinking, household and industries. However, it
may be difficuit to reclaim and reuse the entire water
as many towns have not yet been provided with drainage
facititiecs,. However there are large sewage schemes in
operation in Tamil Nadu. The total outflow jorm the
towns where the collection facility is available amount
to about 234 mld, excluding Madras which generates
about 254 mld. of sewage (10). In addition, lar
quantity of water from the industry waste water -<could
also be collected and reused. If the available (collected
in the drain) sewage is utilised properly about:50,000 ha.
of land can be brought under irrigation. Further if all
the waste water is collected in all the places including
industries and reclaimed, the quantity will be enormous.
Action may be taken in this direction in order to
increase the water source of the State.

- The sewage effluent normally contajns all the.
nutrients needed for plant growth. By taking certain
precautions in selecting crops to be grown and follow-
ing proper agronomical management,-the sewage water
can be used profitably.. Further this water can be used
for recharging the ground water in areas over pumping
taking place. ‘

..~ (g) Diverting the water from North and from West
flowing river—Although water is available. in- adquate
amount in India, the spatial, temporal and regional basis
is; severe. The availability of water in Tamil Nadu, is
very limited and the same has begn fully harnessed as
stated in the previous paragraphs. But when- the irriga-
tion resources of the entire country is taken into account
only one third of the total water resources has beea
harnessed, The details of surface and ground water
availability in the country is given below:— e

"(i) Surface wvater resources—The Central Water
and Power Commission has assessed the ‘‘courtiy’s
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water resources. As a rough estimate, the annual rain-
fall over the whole country is about 400 mhm., of this
about 125 mhm. is lost by evaporation, and another 80
mhm, by seepage into the soil, thus leaving about 195
mhm. as surface flow into the river system. However,
all this tflow cannot be util'sed because of the limitations
imposed by topography, climate, soil conditions, clc. It
has been estimated that cnly 76 mhm. can be utiiised
from various river sysiems without inter basin transfers
(5). I it is transported from one bas'n to the other,
there is great possibility of utilising more water from the
river basins, since substantial quantity is in the northern
part of the country.

(ii) Ground water resources.—QOut of 80 mhm.
of water that seeps into soil. about 43 mihm. remains in
the top layer and is available as soil meisture  which
is used by plants. The remaining 37 mhm. percolates
down into the porous strata and represents the annual
ground water recharge. However, it is possible to ex-
tract only about 26 mhm. economically. Again the
maximum resources are only in the northern regions of
the country.

Of the utilisable quantity of 67 mhm. of surface
water only about 25 mhm. has been utilised so far and
out of 26 mhm. of ground water only about 11 mhm.
has been harnessed. This indicates that there is preat
petential to use the available water in this country.

The water resources both surface and ground water
in each bas‘n of the country show that large unused
potential is available in the nothern rivers and basins
(2). Therefore the water which is not used in the
nothern rivers can be diverted to Tamil Nadu which
is very badly in need of water [or its agriculture and for
other purposes.

The world bank experts who studied the feasibi-
lity of connecting Ganges to Cauvery have reported that
the scheme is technically and economically feasible one,
but the scheme will involve about Rs. 20,000 crores and
take many years to complete. Hence action should be
taken to divert the excess water from north to the scarcity
areas like Tamil Nadu without losing further time.

There is great seope of diverting western flowing
river of Kerala to Tamil Nadu. Already Periyar
Parambikulam river waters are diverted to east by pro-
viding tunnels in the western ghats. Of course, only the
surplus water after meeting Kerala’s requirements, has to
be diverted. In order to know whether there is any
surplus water available to divert, it is necessary to know
the water resources and its utilisation for agriculture
dnd other purposes in Kerala.

(4) WATER AND LAND
KERALA :—

(i) Surface water resources—The total runoff of all
the 44 rivers in Kerala State amounts to 7.80 mhm. of
which 7.03 mhm. is the contribution from Kerala’s
catchment, the contr{bu'aon from Tamil Nadu and
Karnataka together being 0.77 mlim. (4,11). But all
the waters that flow down _the rivers cannot be utilised
for several practical reasons. It is calculated that the
total utilisable water resources is about 4,277 mhm. (11)
large quantity goes as waste t0 the Arabian sea,

RESOURCES OF

(ir) Ground water resource—~—It is est
ground water potential in that State is ab(r)lzxatte(}) t7h;::1ht:|c
of which only_ 0.04 mhm. has been harnessed SO .far (7)'
Hence there is larger underground water supply which
can be tapped for the requirement.

(iif) Land resources—The total geographi i
3.859 m.ha. of which 2.173 m ha. ofglangdspii‘ufxztiilliélergafc::I
agriculwre. The gross cultivated area is 2,933 m.h.a
The area of irrigation at persent is 0.6 11’1 ha '-md‘ t‘};t;,
e;‘mg‘e area s irtigated from surface source 'oril‘ The
National Agriculture Commission has indicate)(,i that
;ot‘al cropped area (gros) will be about 32 mha in
éhg }:}:21};(2()2? ':md the gross irrigated arca will be zibout
26 m. 4. According to a publication of the Keraia

vernment the cultivated extent of wet land (Irrigated)

and Garden land will be -
1.60 m.ha. respectively. e about 0.6997 mha, and

(iv) Present water use.—The irri
— gross irrigated ;
on 70-71 was 0.60 m.ha. Even if Paddy isggr(e)wnd riflat;;
entire arca, the water used will be less than 1 m.hm

(v) Future -vater requireme
. nt.—Accordin
calculations made for the future requiremeﬁt% ozowatt}:;

for irrigation, the report
has indicated thar thg tOt:lf the Government of Kerala

2.88 mhm. Howeve requirement will be about
out as follows :— T, the requirement 1S worked

a) Water needed for 0.
3crops of Paddy.

1- Total water for 3 crops
2. Average annual rainfall . .

Taking 50 percent of the rainfail wil]
year. i.e,, 154 ¢.m.

Water requirements =0.6997x(450-1 54)

=210 mh 100
b) Water needed for 50 : ’ mbhm-
of the 1.6 mha. of gardon § oo =048 mhm.

Therefore total for irrigation ..

6997 m- ha. of land for

450 cm-
LR 308 cm.

be usable in the

=258mhm. or

2.60mhm.
2. Water requirement of durine
2021 at the rate of 160 gliltl/l ~ 032 mhm,
day/person for 52:26 m.
3. Requirement of ; ies i
another 50 yearslt1 dustries in = ¥43 mhm.
——
Total .. = 335 mhm.
4. Water required for

_ Salinity
control (as indj i
report) cated in the

5. - Water required for rémoval of

toxicity ete. (as indicatad ;
the tepott.) ceted in

= 0-71 mhm.

== 0-50 mhm.

Grand Total == 4-56 mhm.

The totol utilisable quantity == gurface wafor of 492
m.
of 0-70+ ground wates
%= 562 mhm,

Therefore the surplus available is about 5.61—4.56
1.05 mhm. even taking the requirements for salinity
control and removal of toxicity, etc., which however, may
not require so much of water. Heuce it is possible to
divert atleast 1 mhm. of water rom west to east so that
aboit 1.50 mh. of dry lands in adjoining districts of
Ceimbatore, Madurai, Ramanathapuram and Tirunelveli
can be brought under irrigation. If this quantity is
obtained from the west flowing rivers, the percentage of
irrigation can be increased from 40 to 35 per cent in
Tam'l Nadu which will be the average irrigated area in
India in another 40-50 years. The irrigation Commis-
sion in their report has also suggested that Tamil Nadu
Government can negotiate to get the surplus water from
Kerala.,

Tamil Nadu can offer to Kerala Government supply
of atleast 50 per cent of the food produced from the
water drawn from Kerala. This will facilitate to get
water from Kerala and at the same lime, the dry tracts
of the neighbouring districts will get water for irrigation.
Other arrangements like power generation and places of
diversion can easily be worked out if only the Kerala
Government agrees to divert water which 1s beneficial for
both the States.

Summary :

The demand for water in Tamil Nadu ' is increasing
day by day especially when the entire surface water and
more than 60 per cent of the ground water have been
harnessed for irrigation and other purposes. The area
irrigated is only 3.6 m.ha. and it can at the most be
increased to 4.0 m.ha. and the irrigated area will be
only 40-42 per cent of the cultivated area at that time.
The footl production from the irrigated and dry area may
not be sufficient to feed the growing population unless
more area is brought under irrigation. This is possible
only by diverting the Ganges water to Cauvery and also
bringing west flowing river waters of Kerala to Tamil
Nadu. Since the above two propositions are favourable
from the data furnished above, the chance of getting
water quickly and economically from Kerala State has
to be looked into seriously, Sincc Kerala is having more
water than its réquirements, there is possibility to get
the same through negotiation with suitable agreememts

on reciprocal basis. The authorities concerned can take
up the matter with Kerala so that the unutilised and
wasted water can be profitably used in this State.
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USE OF ARALDITE EPOXY RESINS FOR LINING OF WATER CANALS.
by Thiru M. Balasubramanian, B E. (Hons).

1. Iniroduction ;

For several years, now plastics have been finding ever
increasing use in the building Industry. Recently,
special importance has been attached to the use of epoxy
resins in the buiiding industry.

Epoxy Resins.—The epoxy resins used in the build-
Ing industry are usually liquid resins obtained by the
reaction of Disphenol A with Epichlorohydin. They set
at room temparature when mixed with suitable hardeners
to solid infusible products.

Hardeners—Various types of hardeners may be
used with epoxy resins. These are mainiy amines,
Polv. mides, and Polysulphides.

Both the curing characteristics of the mixtures, and
the mechanical and chemical properties of the end
products, depend to a very large extent on the type of
hardeners used.

Fillers and Aggregates.—Quartz sand is one of the
most suitable aggregates and is in widest use. It confers
outstanding mechanical properties and excellant chemical
resistence on the cured resins.

2. Epoxy Mortar :

Araldite Resins when cured with suitable hardeners
and in combination with quartz sand, form Epoxy Mortar
and this mortar possesses the following properties :—

1. Excelient adhesion to most substratas.
2. High compressive and tensile strength.
3. Very good chemical resistance.

4. Impermeability to water.

5. Exceptional abrasion resistance.

6

. Minimum shrinkage of curing.

A comparative statement based on the results of tests
made on a typical Epoxy mortar and concrete, is given
below for reference.

Mortar based Concrete
on Araldite. PC. 300,
Unit weight 2-1 Tonne/M3 2’4 Tonnes/M?
Compressive strenth 1000 Kg /CM2 400 Kg/CM?2
Tensile strenth in
bending 400 Kg/CM2 €0 Kg/CM2

Modulus of Elasticity 16,000 Kg/CM2 3,00,000 K g/CM?2

Co-efficient of Ther-
mal Expansion 20-30 x 10-¢ 5.5 % 10-6

From the above, it can be seen that the epoxy mortar
possesses very suitable properties and can be advanta-
geously used for lining of canal to ensure a permanent
and impermeable surface.

3. Evoxy Mortar for Lining —

The usual formulati

follows : — on for the Epoxy Mortar is as

Araldite Gy. 257
Hardener Hy 843
Hardener Hy 960

Quartz sand mix No 10
Pot life of mortar

100 Parts by weight
45 Parts by weight
3 Parts by weight
900 Parts by weight
[ Hour at 30- C

The above ingredients

lining work exclusivel
prohibitively costly.

are very costly ones. and the
y with epoxy mortar will become

Hence it will be highly desirabl
_ it € to adopt a sui
modified lining surface combining the convgntion::'uable
crete with epoxy mortar, and at the same :
best results commensurate with the cost of

- con-~
time ensuring
such work,

This modified surface will consi
5 > Wi st of a normal conc
substarata of nominal thickness, with g protective coat or:’a;:

it with araldite e i
5—6, mm. POXy mortar, to a thickness of about

4. Advantages of ado

- ption of composi
lining — f posite  surface of

1. For conventional type of linin

; : surf
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y C € provisio;
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3.1 Experience has shown that even
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100 per cent impermeability, Laying of
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ensuring 100 per cent, impermeability.
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strength of the plastered surface on top of concrete
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epoxy mortar coat ensures 100 4 i
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lining done
not ensure
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sExecutive Engineer, P.W.D. Upper Anicut Division, Tiruchirappalli,

———

———

6. The deterioration of plastered surface due to
ageing will not occur in this composite surface in view
of the very good chemical resistance of epoxy mortar
coat.

5. Method of Execution :

Lining of canals is normally done in two ways, 1€,
(1) Insitu concrete Lining and (2) Lining with pre~
cast slab. The adoption of the new type of lining
with composite surface is applicable for both the cases
eventhough it is more preferable to go in for the latter
method for the reasons explained later.

1. Insitu Lining with Composite surface (Sketch No. 1.) :

1.1. The substrata for this lining is done in a similar
way as of ordinary cement concrete lining for canal.
However a leaner mix of 1:3:6 or 1:4:8, with nominal
thickness of about 1-1|2 inches to 2 inches is adopted,
with the top surface finished smooth with extra mortar.
This substrata concrete is cured, properly to develop its
fuil strength, in the normal way. After proper curing,
the base concrete surface is subjected to pretreatment,
before application of the epoxy mortar over it, to form
the composite surface,

The pretreatment consists of two operations,
namely preparation of surface and coating with primer.

1.1 (1).—Preparation of surface.—In order to
obtain a clean and sound surface to ensure good adhe-
sion, the surface is to be prepared well to receive the
primer coat and then Epoxy mortar.

This preparation can be carried out either by chemi-
cal treatment or by mechanical method. The Mechanical
method consists of either grinding, abrading, planning or
sand blasting, etc, The dust and loose particles resulting
from the above mechanical operations, should be
removed by vacuum cleaning or oil-free air blast. Then
the surface is ready to receive Primer coat.

Where mechanical method is not practicable (..
where sand blasting drum, etc. is not available) chemi-
cal treatment may be given.

For this purpose, a 15 per cent hydro<hloric acid
solution is used. It is better to have the solution pre
pared in advance since inaccurate concentrations of
acid prepared on the spot may lead to failures.

The acid solution is then brushed into the surface
with the help of a stiff street broom until the surface is
wet all over.

The hydrochloric acid reacts with the excess lime of
the concrete surface and causes the formulation of
bubbles lasting a few minutes. The stiff broom should
be still worked over the surface, until they disappear.
The bubbles last about 10 to 15 minutes,

The surface should then be thoroughly cleaned with
water jet, until all the slush is removed. The treat-
ment is completed by checking with Litmus paper,
whether all acid has been removed. If some, remains

the surface may be given another rinse or neutralised
with one per cent ammonia solution. It is then
sprayed again with a jet.

The surface is then allowed to dry thoroughly. Now
the surface is ready to receive primer coat.

1. 1 (2) Primer coat—When the substrata surface
bas been prepared as detailed above, then the primer
coat ;s applied.

The Primer coat consists of the following formula-
tions :—

Araldite Gy. 257

Hardener Hy. 840

100 Parts by weight.
50 Parts by weight.

The Araldite resin and hardner should be mixed
thoroughly, and then this mix is applied over the sur-
face with the help of a stiff nylon bristle brushes, or by
hard rubber rollers. The coating should as far as
possible be of uniform thickness and the surface should
be thoroughly wetted with the primer coat.

1.2. Epoxy Mortar :

1.2.1. Application of Epoxy mortar—Now after
the completion of the Pretreatment, the surface is ready
to receive the protective coat with epoxy mortar. The
epoxy mortar should be applied to the surface within
15—30 minutes after the application of primer coat.
This period is called “open time ™, i.e., maximum
period of time allowable between application of primer
coat and application of epoxy mortar.

The formulation for the epoxy mortar has beea
given and is as follows :—
Araldite Gy. 257
Hardener Hy. 840
Hardener Hy. 960
Quartz sand mix No. 10

100 Parts by weight
45 Parts by weight
3 Parts by weight
900 Parts by weight.

The epoxy mortar is prepared as follows:—

The resins and hardener are mixed thorou
then the dry filler (i.e. quartz sand mix Ng.m ly0)ani:
added to_ this solution, and thoroughly stirred and
mixed. The mixed ready-to-use mortar ig the resultant
product. The mortar should not contain lumps of
unwetted filler and should be of a uniform colour,

For small quantity of mortar, (i.e.) up to 1 k. or
less, hand mixing would be sufficient, agld for lgrger

quantities in excess of 1 Kg, of €pOxy mortar, th
of mechanical mixer is advisiable. e e

The ready-to-use epoxy mortar is then applied
over the primer coated surtace and is levelled up with

mason’s trovels and floats to obtain a uni
mason’s n a uniform coated

Now the composite concrete surface is com lete
and is left to cure for at least 24 hours at ml;rmai

temperature. The composite surface i ready
allowing water. po e 8 then foe



1.2.2. Pot life—The ready-to-use epoxy mortar has
got certain time limit within which it should be applied.
This is called “POT LIFE ™. After this period, epoxy
mortar cannot longer be worked, and would have begun
to set in the container, The pot life depends upon the
temperature prevalent at the time of mix, and is given
below.

Mix. Temperature. Pot life in minutes.

25deg. C 90
30deg. C 60
35deg. C 45

The above figure is applicable for small quantities of
mix.

In view of the above facts, care must be taken not
to mix or cast large quantities of mortar at a time, as
considerable heat is generated by the exothermic reac-
tion which takes place and results in a very short
“POT LIFE”.

1.5, Coverages :

1.3.1. Primer coat.—One kilogram of the resin
fardener mix (Primer coat) covers an area of about 4
to S5 Square metre per coat. However depending upon
the finish of the concrete, this coverage may vary.

1.3.2. Epoxy mortar—One square metre of the
surface requires approximately 10 Kg. of the epoxy
mortar when laid to ‘a thickness of about 5 to 6 mm.

Based on this data, the cost of protective coat with
epoxy mortar can be worked out after obtaining the
local market rate of the in-gradients, namely resins,
hardeners and quartz sand mix 10,

1.4. Cleaning and precautions :

1.4.1. Cleaning and maintenance of equipment.—
Tools and Mixing equipment used for preparation of
Primer coat and epoxy mortar should be cleaned
immediately after use, since once cured, mortar and
resins are extremely difficult to remove,

Mixing drums are cleaned with sand, by running the
mixing machine for a short time, during which the
resin is absorbed by the sand and is then easy to
remove. Any resin that remains, is scraped off with a
metal spatula and the surface is cleaned with a rag
soaked in non-inflammable solvenis such as xylene,
toluene. For this purpose, it is safer to wear rubber
gloves, ‘

1.4.2. Handling precgutions—Epoxy resins can
cause irritation of the skin in sensitive persons if
incorrectly handled. Certain safety precautions must
therefore be observed and those handling the resins and
hardeners should be given the following instructions : —

1. Personal cleanliness at the place of work chould
be maintained.

2. The resin and hardener should not be allowed to
come into ditect contact with the skin. For this
purpose, they must wear rubber or polythene gioves,

The Polythene gloves have the advantage that
they can be replaced when dirty. They are more
pleasant to wear if cotton gloves are worn underneath.

3. Parts of the skin which come into contact with
the resin or hardener, in spite of all the above precau-

!i(_)ns, should be washed with lukewarm water and a
mild soap.

4. Spleshs on the skin should be removed j i
_ Immedi-
ately with a soap and lukewarm water. On no accoun;,

should a cleaning rag or solvant be used for this
purpose,

1.5 Disadvantages -

The following disadvantages and difficulties are

encountered to secure composite surface in the case of
concrete substrata laid insitu.—

1. The strength of the composite
on the strength of base concrete which
upon proper and effective curing. The
of curing of this insitu concrete is only,
entire concrete surface constantly under
for about 2 to 3 weeks time.

process in places where can
remote area.

surface depends
Is turn depends
normal method
by keeping the
/ wet condition
This is difficult and costiv
al runs in dry region and in

2. Constant supervision of creti i
> oL concreting and  curing
work, to ensure quality work is deprived off due t(;b

long length of canal, running th -
inaccessible terrain. ling through difficult and

3. The time log between the i i
' | completion of insi
concrete base and jcommencement of, protective cot;:
w1:h gpo;(y mortar is large, and base’ concrete gets
extensively dirtied and hence needs expens; i
eperation pensive cleaning

4. The pretreatment operations over the base con~
crete, are to be done in wide open area and hence are

subject to interruptions, etc.,, due to change of weather

conditions in addition to other attend i i
' : ant  difficultie
encountered in conveyin costly and harmful chemica;

and other accessories, like sand blasti
¢ ! » ¢ ng and vacuum
cleaning equipments, etc., from place to place ‘and mixing
them properly and accurately.
5. Application of the epoxy mortar to form the
Erotecgwe coat over the precoated surface within the
OPEN TIME ” limit which is susceptible to variation
due to change In temperature, etc., will also be ver
difficult in the wide open area, Y

All the above draw-backs are i
certain practical difficulties aris o om the nature of

: Svenn ing and not i
or other impossibilities, and of technical

hence they are i
. . not serious
enough to discourage the adoption of this new process

2. Lining with precast slabs (Sketch No. 2):

2.1. All the above draw-backs are elimi

w- eliminated if
other ‘method, namely, lining with precast com osq:e
slabs is adopted, as detailed below ;— postte

1. The base concrete slabs ¢
_ an be manufact i
:n ge&tra{) p:ace lll_nder close and constant sﬂp:r;?z;:
¢ best qualit
and | quality can be ensured for the base con-

2 Perfect curing of the slabs can be cnsurcd by
having a Central large curing pond and placing the
slabs under water in the curing ponds for the period of
two to three weeks.

In order to reduce the curing pond, steam curing
can be resorted to. This process is quite feasible and

it is eaplained later.

3. The precast base concrete slabs wil! .be of
medivm size and of nominal thickness of !4 to 2 inches.
They can be casily handled.

Being of medium size, and manufacturgd in a
central arca: cven with covered roof on top, the pée-
treatment operations can be perlectly came‘d‘ out? gn er
luboriiory conditions and quai ty ensured to the maximum
exient. )

+ The base siabs which are cured in curing pond.
in cm&re:u or closed arca, arc frgsh and hcncg the clean-
ing oporations are made easy, Wlth sand blasting vgcu’?xlr;
cleancr  cquipments being stationed at one entral

Place. .
5. "The application of the epoxy mortar to forpl the
profuctive coat over the pre-coated slabs will dlbOd be
very casy and can be done precisely to the standard.

6. Composite slabs can be mapufactured to the
exact size and shape to suite the various canal and dis
tributory sections, .

22, Disadvantage.—The only disadvantage in this

mehod is to ensure safc transpott of t]hc prcfcas;rilabs
from the Central Casting yard to the place of work.

But this is insignificant. The Epoxy mortar C(;?Itlfg
precast slabs are not easily subject to damages6 nce
the cpoxy coat pOSSESses good resistance 10 a ras(ljoe
snd impact load. Hence the chances of damages au
o handling will be rare.

As for the transport of slabs, it is not a _proll;plem
\:uwadays since transport lotries are available in plenty
and at competitive rates.

Fven in the case of Highways Department, of late,
Hot mix-bitumen plants arc.erected in a ceptral place
of work and the black topping work s cam;d on 1?1‘
about 20 k.m. distance on either side of this Central
Location.

In a similar way, a central casting yard for every
40 to 50 k.m. length of canal, may be located, the re-
quired number of precast composite slabs may be manu-
factured, in this Central casting yard, transported to site
of work on cither side and the lining can be done easily

“and in a very satisfactory manner.

To prevent leakage at the joints of the slabs, chamber
ends may be provided all around the slabs. After place-
ment of the slabs, a V. Groove will be fon1_1ed on the
top surface, all around. This V. Groove Joints can be
finished with epoxy mortar, and thus the entire lined
area will be made completely impermeabie.

When compared with many advantages in this method,
this disadvantage becomes insignificant,
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2.3. Steam curing of precast slab.—Very large num-
ber of slabs will have to be manufactured at one Central
place, tc cater to the needs of the long length of canal.
vicnce the problem of casting yard, curing pond and
stacking yard will arise, if the normal method of curing
under water for two to three weeks is resorted to.

We have to wait for about two to three weeks to remove
and then complete pretreatment and protective coating

works. Hence lot of time is lost before bringing the
s abs into actual use,

All these problems will be got over, if stcam curing
method is adopted. The process has also been made
veTy casy.

Wester Work multifide boilers of various size, capa-
city are easily available. There is no need to look for
coal only as fucl for boilers. Medium sized boilers
using waste wood, saw dust, etc., are now available from
various firms, like wester worth, Lakshmi Boders, etc.
The setting up of boiler, etc.. is no problem  since they
are medium sized ones, and knowhow is easily avai-
fable since the manufacturing yard is situated at one
central place, and all the technical knowhow for erec-
tion of boilers and adoption of steam curing is available,
this method can be easily resorted to.

The process can be successfully implemented, by
carefully p'anning in locating casting yard-cum-initial
curing vard and steam curing pond for final curing,

By steam curing, the precast concrete slabs obtain
their full strength within one day as against 21 days
by normal curing method by keeping them under water,

This reduced period of curing time enables, the
subsequent operations, namely, pretreatment and appli-
cation of protective coat, to be taken up within 3 days -
and the composite precast slabs beecome ready for being
wrensported to worksite for use.

Since the total curing period is only two or three
days, the surface to be pretreated is fresh and hence the
cleaning and other operations became very casy,

The initial capital outlay on this, may be considered
more, but considering many advantages, it is very much
desirable to resort to this method of curfing.

3. Conclusion:—

1. Considering very many advantages derived from
use of Araldite for lining, it is desirable to go in for
composite surface for such lining.

2. It is advantageous to go in for precast composite
siabs for lining with a central manufacturing yard for
such slab, instead of insitu concrete composite surface.

3. It is highly desirable to resort to steam curing of
slabs instead of normal method of curing with
since this reduces vary considerably the period of work,

4. A beginning can be made to adopt these latest
methods for lining of canals under * Periyar Improve.
ments Scheme ” where, it is understood, extens've lining
work is proposed.
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work by Construction Equipment with Special Reference to
earth work by heavy earth moving Mechinery-Accounting
by “Use-Rate” Method-Rethinking required.

BY

Thiru K. Rumuchandran, B. E. (Mech), Exccutive Engincer, Gobichettipalayam Division, Gobichettipaluyam.

The work done by Machinery in our Department is
accounted for by treating the machmes as having been
hired out to the works and collecting }nre charges for
the work done by machines. The hire charges are
collected at “ Use Rates” from the works. *The ’U§e
Rate ' per hour is applicable to al! yvprks whether in
the owning Division or any other Division. The method
of fixing the “ Use Rate” for machinery is enunciated
in Chief Engineer (Irrigation)’s Circular No. 7117|59-
A-1, dated Sth September 1959.

The “ Use Rate ” is being adopted by all the divisions
of the Department but with a slight modification to the
method illustrated in the Chief Engineer (Irrlgatl_on.)’s
Circular cited the modification being that depreciation
of tyres which is provided for under the “I Deprecia-
tion - head in the illustration is removed from that head
but added to the next head Il Major repairs and
overhaul of machines ”. The reason for this modifica-
tion is that the renewal of tyres being a “ Major Repair ”
(which is defined as a repair which costs more than 1
per cent of the capital cost of the machine and the cost
of tvres is assessed as equivalent to 116 the cost of the
machine), the funds required for this repair have to be
taken out of the. Major Repair Fund and cannot be
charged to the “Depreciation” head which is only a
credit head. This modification is only a case of re-
grouping of provisions and the total *“Use Rate”
remains unaltered.

The “Use Rate” system came into force actually
from 1959 onwards, Inspite of the fact that it is in
force for the last 15 years, I must regretfully comment,
that it is being followed correctly in very few Divisions
and most of the Divisions have no correct idea of the
spirit behind this system and the meaning of the various
provisions made in the “Use Rate”. These remarks
are based on my study in connection with the proposals
submitted by me for the formation of Central Mechani-
cal Organisation.

However, the aim of the present discussion is not to
show out the incorrect methods followed in accounting
in various Divisions of the Department or the remedial
measures for the same. The aim is to show how the
“Use Rate” system itself, as is followed now, is defec-
tive and how it does not represent correctly the cost of
‘work done.

As a first step let us understand the purpose of pur-
chas'ng a machine and working it. The purpose is to do
work. In other words, if there is no work, there is
no necessity to purchase a machine at all,

Having agreed with the purpose of purchasing the
machine, what is the necessity for the various accounts
such as maintenance estimate of the machine. Repair
estimate, Use Rate and so on? Supposing a machine
purchased is to be solely used for the specific work for
which it is purchased up to the uitimate time of its con-
demnation and scrapping, there may be no necessity at
all for an operating estimate, Repair Estimate. Use Rate,
etc., as cverything spent on the machine right from its
purchase to its scrapping is to be borne by the work.
But in practice, a machine works for several years on
several different works and the expenditure incurred on
the machine from the purchase to the time of scrapping
has to be charged to the several works on which the
machine is used. In other words sach work on which
it is used must share its first cost (cost of purchase),
Repair charges and operating expenses. It is only for

this purpose the system of “Use Rate ” has been deri-
ved,

The “ Use Rate” consists of 3 elements,

a. Depreciation whizh meets a  pori'on of the pur-
chase cost.

b. Provision for Major Repairs and overhauling
which meets, a portion of the cost of repairs of the
machine and

¢. Operating cost, the actual cost of operation of
machine. When the work donz by machinery is charged
at “Use Rate” the cost of purchase of machine, the
cost of Major Repairs and operating expenses propor-
tionate to the period the machine has worked on the
work are met by the work. Summing up, the toral ex-
penditure incurred on the purchase of the machine, the
repairs throughout its lifetime and the operating cost
throughout its I'fe time is to be shared by the various
works on which a machine is deployed and proportionate
to the time the machine has worked on each work,

The “Use Rate” enunciated by the Chief Engineer
(Irrigation) consists of the following elements:—

1. Depreciation of the machine plus Interest on
Depreciation.
2. Provision for Major Repairs and Overhaul at
75 per cent of depreciation plus cost of tyre deprec ation.
3. Operating expepses consisting of
(a) Cost of fuel and Lubricants,
(b) Cost of Crew.

_(¢) Cost of minor
depreciation.

. (d) Cost at 60 per cent of d
minor repairs and maintenance of %ep@hﬁon for

repairs at 2§ per cent of



The provision under item (1) means that by the ime
a machine completes its theoretical life (fixed by the
C.E.) the money invested on its purchase together with
interest is realised from works.

Thc provision under item (2) builds up a reserve fund
for carrying out Major Repairs and overhaul equivaiont
to 75 per cent of the cost of the machine by the end of
its theoretical life, plus the cost of 5 sets of tyres (the
life ol tyres is taken as 3,000 hours as per Chict
Engineer’s Ciremlar).  This also means that the cost of
all Major repairs during the entirc life of the machine
should be within this Reserve Fund, the money the
works have paid.

The provision under item (3) represents operating
cost.  Yhis is a variable factor because even in the case
of two similar machines the operating costs are bouid (0
be diflerent because of the condition of the machines,
operating conditions and method of opcration of the
two machines resulting in different {uel consumption,
etc. Also the crew charges may be different the ope-
rator of one machine may be senior drawing more pay
compared to the other and so on. However the
expenditure on operating cost is completely rccoverd
from the work by comparing the operating cost por-
tion of the hire charges recovered at the end of each
year with the expenditure incurred on operation (i.e.
maintenance estimate of the machine) and (debiting
or crediting the difference called Residual balance)
to the work at the end of cach financial year,

In the application of this system of accounting, the
most defective provision of the Use Rate is the provi-
sicn for Major Repairs and overhaul. When the provi-
sions cxpects that the total repair charges throughout
its 1i%e have to be limited to 75 per cent of the first cost,
it may be poss'ble, if the cost of spare parts and labour
constituting all the major repairs remain, throughout
the life of the machine, more or less the same, as at
the time of purchase of the machine. If the cost of
spare parts and labour go up, it is not possible to keep
the cost of repairs within the limit fixed as per this
method.

In support of the argument, I am furnishing below
the cost of a few spare parts used in machinery and
labour charges over the last few years.

Name of the Name of spare
m:chine. part. Cost.

m 2 (3)
Cat. D-8. 13-A One set of Truck 14,000 (1960)

rollers (6 SP + 35,000 (1974)
6 DF.)

TD. 25. Cylinder liner + 3,750 (1964)
Piston Assembty 8,400 (1973)
1 Set of 6. . ‘
Do. One’ set of Track 18,000 (1964)
Rollers (6 SF + 53,000
8 DF)
7,507°52  (1964)

Do. . Crank shaft
: 15,463 (1973)
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Name o_l‘ the Name of spare
machinc, Part.

Q)] ()
Tournapuli «C* Ring gear and

3,626:63

Scraper Pinion Set. 13,210-21
Do. Roller Winding and 6,639-38
Brush 21,61764

Do. Motor and Shaft 1.970-45
Assembly- 3,850:18

210024235, 24 Ply 4,000

Tyres. 8,500

2400 x 25, Ply tube 6,500

less tyres. 21-500

Wire rope 1/2” Dig. 3-30/m

6/m

Cost of Labour.

Chargeman Rs. 170-50 (1964) 393-50
Mechanic Rs. 130-50 (1964) 344-50
Fitter- Rs. 10250 (1964) 30740

It is seen that the cost of spares h
3 times and the labour also more
proportion in the last 10-15 years a
of increase only. Especially most of the
the machines are imported items
and with the two devaluations of ¢
20 years and other causes the price
comparison to the prices 10-15 years book

When such is the case, is it reasonable t

total value of repairs of 2 machine to be

75 per cent of its cost when the machines in ou

ment are continued to be worked for 10
20 years, in  most of the "
theoretical lives »

. Let us take the case Cat. D8, 13A Se
In our Department. Most of them were
1954 or so at a cost of Rs, 1,25 lakhs. A
of only the undercarriage system, not the
the clutch and transmission or final drive.
carriage system costs in 1974 as follows:

(a) Cost of renewal of one set track

rollers

(b) Cost of one pair of Sprocket rings.

(¢) Cost of one pair of track

: chain
with grouser shoes s

(d) Cost of reconditioning of jdler
wheels with necessary spare parts

(e) Cost of reconditionin
carrier rollers (4 Nosg) of track

I

Labour charges

for dismanti
fitting, etc. or dismantling

We have quite a number
Department. . We are 1o Ofs;lé;s; >

Cost,

(3)
(1964)
(1973)
(1964)
(1973)
(1964)
(1973)
(1960)
(1974)
(1965)
(1974)
(1967)
(1973)

(1974)
(1974)
(1974)

ave increased 21 2tq
or less in the same
nd the trend is one

ne  parts used in
mainly from US.A.
he rupee in the last
s of to-day stand no

0 expect the
limited to
r Depart-

. 15 or even
cases  will beyond their

ries bull dozer
purchased in
reconditioning

engine, not
—only under-

35,000
4,000

35,000
3,000
1,000

1,000

e

79,000

—————

8s still working in

repairs to day as much as Rs. 79 &‘o-mder-cmﬁage

which was purchased (new) for Rs: 1251

a machj
akhs hine
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In the same way, in the case of TD. 25 tractors which
were purchased in 1964 at Rs. 2.55 lakhs each, the cost
of reconditioning of under-carriage only costs to-day as
much as about Rs. 1.25 lakhs. Same is the case with
repairs of the machine is going off scot free without
final drive, etc.

From the above, it may be seen that it is impossible
to accommodate the repair cost in the Reserve Fund
built up by the machine by the “Use Rate” system.
Apart from this, one great mistake that is being com-
mitted by adopting the “ Use Rate ™ system as it exists
to-day is that the work which has to pay for the cost of
repairs of the machine is going off scot free without
doing so. In other words, the expenditure on work or
the cost of work is not being exhibited properly.

The effect of this on work may be different in different
cases. For example in a big project, the expenditure
incurred on special repairs which is badly dispropor-
tionate to the recovery in the hire charges shows the
earth work itself as having been done at a much

lower rate than the real rate but the cost of repairs -

over and above what has been built up in the Reserve
Fund still forms part and partial of the total expendi-
ture on the project, having been accounted for under

IV Special Tools and Plant head. It may be only a

case of good chit for earth work and a bad chit for
the IV Special Tools and Plant head but it still figures
in the total expenditure of the Project.

But in the case of organisations like D.CR. Divi-
sions, Irrigation Reserve Stock (Periyakulam Division)
which hire out the machines for works of other

Divisions, it is a case of passing on less debit to work
than should have logically been done and keeping back
a substantial portion of the expenditure which should
have been debited to work, under the IV Special Tools
and Plant head itself. It may be a case of bringing
credit to work at the same time discrediting machines,

The summary of what has been stated in the preceding
paragraphs, is as follows:— :

1. The work on which a machine is used has to

‘bear (a) the cost of purchase of the machine; (b) the

interest on the investment on the machine till the whole
amount invested is realised. (c) the cost of operation
and (d) the cost of repairs of the major repairs.

2. With the present Use Rate method, item 1(a),
1(b) and 1(c) are being borne by the work but not (d).
Only a part of 1(d) is borne by the work.

3. The reason for 1 (d) not being borne by the
work in full is the defective method of working out
its provision in “Use Rate”.

The solution, I beg to suggest, is as follows:

The first cost of the machine (cost of the new
machine) and the cost of tyres should be assessed each
year and the provision for major repairs and overhauls
should be fixed at 75 per cent of this assessed cost of
each year.

This means that item “II Major Repairs and
overhaul” which is a constant in the “Use Rate” at
present must also be made a variable,



AN ELECTRONIC DEVICE FOR SETTLEMENT
MEASUREMENTS.

BY

Thire T. K. S. RAMANUJAM, B.Sc.,, M.LE.,, (Ind.) DIP. IN STIAIES.
Research Officer.  Soil Mcechanics and Rescarcht division.

1. Iuroduction :

1.1. The objectives of instrumentation in so far as
they relate to carth work engineering arc: (1) 1o
detect signs of impending danger, (ii) to furnish vilal

information during construction  (iii) to furnisi daia
for nuproving methods of construction (1v) to  accu-
maulce duta en local expericnces and iv) to cnuble

the cliceking of various theorics  proposed  to  explain
the behaviour of soil masses. The Government of
India recognising the importance of the study of such
insicumentation mstalied in dams, retaining walls. cle.,

copaiiuted 2 conunitice in 1961 to review the insiru- -

metation done so far in the country and aiso to make
recvinmendations for adoption in the future.  After
detaiied study of the practices prevalent in other.
countries vis-a-vis the stage of development and condi-
tions prevailing in our country, the committee has
recommended (1) that for all earth dams over 15m
(50 icct) in height, the following measurements may be
considered an obligatory.

“ (i) Internal vertical settlement and strain during
and alter construction;

(ii) Surface settlements and horizontal displace-
m:ais after construction. Wherever possibie these may
bs ¢one during construciion also;

(»i1) Stand-pipes and porous tube piezometers for
appraisal of seepage control measures both in the body
of the dam as well as through the foundations. These
must be combined with the nieasuremcnt of seepage;

{iv) Hydraulic piezometers in the regions liable to
devclopment of high positive pore pressures during con-
struction and in the upstream casing and semi pervious
units of dams with large range of drawn down.”

The Committee on observation of dams and models
of the International Commission on large dams (2) has
also stressed the need for increased use of instrumen-

tation with the construction of increasingly  higher
dams.

2.1. Most of the major earth dams constructed in the
State of Tamil Nadu in the past two decades have been
provided with vertical settlement gauges. These are
generally of the USBR pattern (3) which consists of a
scr'es of 37 mm (1} inches) and 55 mm (2 inches)
sections of pipes telescoping into one another.  The
37 mm (1% inches) section is anchord to the em-
bankment by means of horizontal cross arms at in-
travels of 3m (10 feet)) For this purpose the
37 mm pipe is attached to about a metre length of
75 mm channel by mecans of two U belts, The
channels sections are embedded in the embankment,

as the embankment rises during construction. Mave-
meaits of these cross wrms as the fill setties is measurcd
by recording the changes in the elevation of the bottom
tip of the attached 37 mm pipe section (This point
is designated as the measuring poing in the figure).

2.2. A specially designed setilement torpedo is made
use of io measurc the elevations of the bottom tip of
the 37 mm pipe sections (Fig. 1) The torpedo
atiached to a 8 mm (5)16 inches) wide steel mensar-
ing tapc and is Jowered into the instailation. The
torpedo is provided with spring loaded pawls which
close when passing through the 37 mm pipe sections in
the downward direction, but they spring open as soon
as ihey clear the 37 mm pipe section. If the gteel tape is
now pulled up, the pawls engage the lower end of the
37 mm pipe section and by holding the tape taut from
the top, it is possible to determine the depth of the
measuring point with reference to any accessible  fixed
poini at the top of the installation. By progressively
lowcring the measuring torpedo it is possible to have
the pawls of the torpedo latch with the lower ends
of successive 37 mm. pipe sections and finally when
the bottom of the installation is reached a specially
instalied latching plate, locks the pawls of the torpedo
in the closed position and thereafter it could be with-~
drawn from the installation. Full details for the instal-
lation and taking observations with the earth dam
settlement apparatus are contained in Designation No,

%}(2;) vide pages 672-693 of the USBR Earth Manual,
Q.

1S

2.3. This egpipment has been  found to give reliab'e
service though the procedure for its installations and
, . . .
for taking observations is some what cumbersome.

2.4. Many attempts at simplifying and improvne (hic
system have been made. E]lject)]ro:Magnetli]cT‘})gl(‘)(:lbléi 1tl(l)lr5
meazurement of vertical and horizontal deflections in
earth dams are reported to have been used i
" GEPTASCH ROCK FILL DAM?” in the K or
Valley. Horizontal movement e

lley or _ gauges base
principle of induction have been used ind ?l?c Itlh?l
Brianne Dam (4) wherein they have used a plastic ;;if)e

(() zribglll;tgss l;111m. 1digmcler) ;hreaded through metal rings
_ es placed in trench during constryet:
Installation extended from th Sy truction.  The

¢ centr
downstream slope. At the d 2 clay core to the

ownstream | ownsircam  end, the
o.ffthc pipe was takgn into an instrument house gz%nt:
reference plate was installed, attached to the wall of

the instrument house and readings were taken with
The pro_be was pulled into the

en by compressed air,
a coaxial cable for the

on a frame and were guided suitably by
:lo];:x;f:d An inductance bridge was used to indicate
when the coil was near a plate. When the coil passed
a plate the indicating meter on the inductance bridge
moved from O to 100 divisions and then back to 0
again. It was observed that the deflection was at 100th
division while the probe travelled several millimetres
through the centre of the plate and an accurate mea-
surement was made by taking the average of the read-
ings of the tape when the meter showed exactly 50
divisions while increasing and again while decreasing.

2.5. The Building Rescarch Station U.K. _ (5). has
developed another type of equipment which is cla]me_d
to have an accuracy of better than 0.2 mm. This
system has two components — & permanep: circular
magnet axially magnetised which acts as a mark em-
bedded in the ground and a reed switch which is used
as a sensor. As the reed switch moves axially into the
central field of the magnet it snaps close thereby acti-
vating an indicator light or buzzar. The repeatability
of the closure depends on the radial position of the
reed switch within the magnet and also on the orienta-
tion of the reed about its own axis. By precision
guidance of the probe, accuracy of the order of O.g mm.
is casily obtained. By using special equipment it is
claimcd that an accuracy upto 0.02 mm. is possible.

8 Basiy of the New Method:

3.1. In the method developed by the Soil Mechanics
and Research division, P.W.D., Madras a novel elec-
tronic “ Torpedo ” is used to measure the displacements
of steel plates embedded in the earth dam These
plates may be of size 60 cm. x 60 cm. x 6 mm. with a
central hole of 60 mm, dia through which a rigid PVC
pipe is run to thread all the embedded stecl plates.
During measurement the torpedo is lower through the
PVC pipe to locate the changing position of the steel
plates caused by the settlement of the dam.

3.2. The torpedo has two solenoid inductors
maounted on the same axis with a spacing of about
33 mm. between the coils. The Direction of winding
and direction of the flow of current are so regulated
that the magnetic fields produced oppose each other
in the space in between the coils. When the number
of turns in the two coils are identical and when the
game current passes through the two coils in series,
the magnetic fields produced neutralise each other in the
plane exactly equidistant from the two coils, Figure 2
gives the distribution of the magnetic field as obtained
from an electrical analogy experiment simulating the
introduction of a metal plate in the vic'nity of the coil
system. If an independent pick up coil is suitably
positioned, it will be possible to detect the change in
magnetic fields and thus to detect the presence  of the
magnetic or conducting material introduced in the
vicinity of the coil system.

3.3. After extensive investigation, it was finally found
467A-2—-3
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that the arrangement shown in Figure 3 gives the best
results in respect of sensitivity and accuracy of location
of the metal plate, In this arrangement, the field across
the pick up coil is balanced when the systera is freely
suspended in space, well away from metallic objects and
the output signal from the pick up coil is zero, Bring-
ing any metallic object near to any one of these field
coils affects the magnetic field distribution and thereby
the null condition at the pick up coil. When the metalic
object is located exactly symmetrically between the two
field coils, the disturbance for both coils be'ng equal, the
null condition is restored. This principle is made use
of in determining the exact location of the burried
plate as will be explained below:

4. Fingl Design Adopted: /A‘Q’O

4.1. In the final design the main field coils consist of
1200 turns of 36 S.W.G. super enamelled copper wire
wound on & 19 mm, diameter former over a length of
25 wam, The pick up coil consists of the same wire
wound on a 25 mm. x 6 mm. bobbin. The D.C. resis~
tances of the main field coils and pick up coils were
65 ohms and 12 ohms for each coil respectively.
Figure 3 shows the details of the coi] assembly.

4.2. Effect of frequency —A study was carr'ed out
to determine the optimum frequency to be adopted fos
exciting the coil system. Frequencies in the range 50
cyclesisec. to 15,000 cycles|sec. at a controlled voltage
wege applied to the system and various factors such as
magnitude of the output signal, ability to detect and
distinguish different types of materials such as s‘eel
plates and plates of other materials, etc., were studied,
The studies revealed that up‘o about 200 cycles|sec. the
output from the pick up coils were relatively low and
only magnetic materials were predominately detected.
The sensitivity improved from 1000 cycles|sec. to
18 Kes{sec. In the higher ranges of frequencies above
5000 kc [sec. both magnetic materials and non-m~one-
tic conducting materials were equally effective in affect-

ing the pick up, showing that eddy current eflects were
the more predominent.

43 Circuits developed and utitised—A single stage
transistorised oscillator has been used to supply the
requited excitation to the coil system. TFigure 6
depicits the circuit diagram of the oscillator adopted,
This Oscillator functions at a frequency of 8,000

cyclasisec. and delivers an output woltags of 6.0 voit
to the field coils. P of 6.0 volw

4.4. Four systems of detection have been developed.

In the first system the output of the search coils j
amplified and then fed to;; rectifier, a gain i‘:;}ftrc‘jsl
and a micro-meter. Figure 4 furnishes the circuit
dmg;a_m of the amplifier-cym-detector, Under: steady
conditions when the coil system is in free space the
output of the pick up coil is NIL and the meter
reads zero. When the coil system is lowered
into the P.V.C. pipe as the lower coil approaches
any of the embedded plates the field due to the lower
coil gets disturbed, upsetting the balance condition 50
that there is an output from the pick up coil which



is fed to the amplifier which after amplification is
rectified and is shown by a deflection of the meter,
Further approach of the coil  system  to  the
buricd plate ncreases the signai a5 also the deflection
in the mcter. Soon the deilection becomes maximum
and remains in this position till the first coil clears the
plate. Thereafter the deflection decreases (il the buried
metal plate occupies a symmetric position with respect
to both the coils, i.e., when the central plane of the
metal plate coincides with the mid plane between the
two coils, the meter reading becomes zero. Similarly
for the second coil the deflection increases, becomes a
maximum and when the probe completely passes the
plate the deflection comes back to zero. Figure 5 gives
a plot of deflection in the meter against position of the
probe and it is quite apparent from the figure that the
central line of the buried plate could be easily located
correct to 1 mm, It is to be noted that all these
readings are steady readings and could be read quite
conveniently and does not require any relative move-
ment for taking observation as in the B.R.S. system

(5).

4.5, The second type of measurement developed makes
use of the principle of phase change detection. Figure 6
gives the circuit diagram adopted. The phase of the
signal received from the pick up coil is compared with
the phase of the input signal. A centre zero micro
ammeter is used and the micro ammeter deflects to one
side or the other depending on whether the plate is
nearer to coil 1 or coil 2. When it is equidistant from
both the coils the meter reads zero. The advantage of
this arrangement is that the system is most sensitive
near the null position where only the maximum sensiti-
vity ‘s necessary. Changes of even 0.5 m. from the
central position produces a measurcable deflection in the
meter from the zero reading. By suitable miniaturi-
sation it has been possible to accommodate all the
required circuits as well as a battery in the body of the
probe itself. Only the indicating meter is placed at
ground level. A steel measuring tap is used for deter-
mining the levels with respect to the top reference point.
Figure 7 gives the details of the assembly.

4.6. The above devices require two electrical leads to
be taken {rom the probe to the ground level in addition
to the steel measuring tape, In the third system deve-
loped a small radio frequency transmitter is located in
the probe itself, so that the signal from the pick up
coil can be transmitted to the ground surface without

18

the nesd for connecting wires, A suitable receiver with
an output meter is located at the surface to receive the
signals. A similar device hus been used in the US.A.
(6) but full details regaiding this arc not available.

4.7. A fourth system, the principle of which does not
appear to have been utilised in any commercial instru-
ment has been tried. As developed at present, the system
works successfully in locations free from ground water.
Further studies are under way to overcome this defl~
ciency also.

In this system the steel measuring tape acts also es
lead wire for transmitting the signals to the ground based
meter. By this improvement the cumbersomeness of
trailing lead wires is eliminated.
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PREDICATION OF CHANGES IN REGIME OF RIVERS

By
TuirU K. ETHIRAJAN, B.E., Assistant, Engincer, P.W.D., I.LH.H. POONDI.

cope—Almost all the rivers are naturally formeq
byb(it(ig geographic and geologic changes. All their
dimensions, viz., breadth, depth., meandering, slope,
etc., are naturally decided accorgimg to the top0grophy
and the soil nature of the terrain 1n wh.lch eac;h river
is formed. The effects o_f any flood in a river are
generally accomodated within the capacity ‘of that river
to adjust itself, to be in dynamic equilibrium at all

conditions of the flood.

But, due to the interferences or di_sturbances. by the
enviro'nmental changes by the mankind to utilise  the
Jand and rivers for their betterment, the dynamic
equilibrium of the river is completely changed or
disturbed, with the result that the n'at.urally fo_rmed‘and
settled river looses its original  dimensions.
Conscquently, the new dimensions of the river, so
created due to the changes in the environment w1’11 also
be unstable, as there would be frequent and c?ﬂerent
changes in the emvironment; The changes in the
environment of a river by the mankind may be Recla-
mation of the land, cultivation practices, clearing of
the forest lands or their plantations, D1ver§1on works
and construction of Reservior accross a miver, etc.,
in the watershed of a river basin.

From Engineering point of view, it becomes the
responsibility of any design Engineer of an Irrigation
Scheme across a river to visualise or predict the
probable changes in the river course and its environ-
ment which can occur in an Engineering period of the
scheme to prove the efficiency, economy and accuracy
of the design. Otherwise, his design becomes unfit to
the field of Execution of the Scheme. It is the main
object of this paper to run a glance through the
different aspects of the prediction of the probable
changes in the river dimensions and nature in a fairly
scicntific manner, with special interest into the Engin-
cering point of view.

Introduction—In  predicting or visualising the
probable changes in the rivet dimeosions, a thorough
knowledge over the identification of the different
variables, both dependent and independent, that can
act on the change of dimensions of a river with
reference to the Engineering time ‘(10 to 100 years),
if not to the geologic or others is necessary. The
known, ~independent variables are water and sediment
discharge in a river, the water discharge being the
flood discharge and the sediment discharge being the
wash and bed load movements in a river with the flood.
" The dependent variables are the breadth, depth,
velocity, meandering. bed material and slope, ctc., of
the river, which are dependent on the independent
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variables viz., water and sediment discharges in the
river. Hence the study on the relative influence of the
dependent variables on the independent hydraulic
varables, viz., the water and sediment discharges
becomes necessary. All the inferences and results of
this study must be generalised in the form of equations,
formulae and graphs which can reveal the required
knowledge of  the relations between the different
variables referred above, :

Relative influence of the variables——The relative
influence or effect of the different variables on the
independent variables i.e., water-sediment discharges
may be studied with the help of any one of the avail-
able hydraulic equations which are already established.
Of those available, Einstein’s modified bed load
function, Colby’s bed load relations, Lecey’s equations
and Mannings formula are some. The Einstein's
modified bed load functions and Colby’s relat'ons are
too difficult to elaborate for this purpose and hence it
is attempted to assume their basic concept and adopt
it here to start with. But from all the above functions
and relations, it becomes clear that they are related to
the variables under study. Hence any one of these
relations may be conveniently adopted to determine the
direction of change of Thydraulic variables. These
relations deal with the width, depth and energy slope,
etc., of flow instead of those of the river or channet,
and hence there may also be considerable discrepancy

in the prediction of the changes in the effect of the
variables,

The basic data for the study may be had or collected
by direct measurements of the variables at a control
section or gauging site in a river course for certain
specific period. These data can also be had from
flume studies and other model studies. Then, the
relative influence or effect of the dependant variables
on the independent variables (water sediment dis-~
charges? may _be studied by keeping any one variable
as varymg while all the others are constant : thys the
individual effect of each variable may be studied and
measured and the equations and graphs pertaining to

their relations may be generali
: alised for icti
of their effect or influence in pae Predictions

f : the

dimensions of ‘a river course, in due -c;al?rgsee o%f tut: ;
The generalised and established equations and o :A
will be the ready’reckdners to visualise the gflt-xatp :
changes ‘that can take place in a river course Fo

generalised.
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To understand the basic theory of the study in
formulating the generalised equations and graphs, the
manning’s equation is analysed here for simplicity.

As psr mannings, v=1486 R2j3 S112 for wide rivers.
n
Where ‘V’ is the velocity in ftjsec, ‘n’ the co-efficient

of rugosity, ‘R’ the mean hydraulic radius and ‘S’ the
bed slope of the river reach,

5 Q=AV=bdx1486x, bd \2/ xS}
n (b+2d
=~ 1'486 pds/s S1/2
n

Qxn _73%°
d =[1"-’486 b ST

1
d\[ 'bE/'.‘] , others being constant.

and V& d?/°
o v Lo
b2/

Also, as per Einstein and Colby, relations, of bed
load, the total sediment load Qs~Vo
,__1 B or b12/5

b12/5
QN bxb—1%5 = b—7/°

Where ‘Q’ is the total flow, ‘p’ the breadth of river
and ‘d the depth of flow of river.

From these relations, we understand that the
dependent variable ‘b’ (breadth) varies with refe;ence
to the independant variables, the water and sediment
discharges, i.e., equal variations in Qw & Qs will
tend to the same effect on the width of a river at any

is the water
reach h\[ Qw Q” ] Where QW is the

5

discharge  and Qs is the total sediment
discharge. Similarly, the relations between the other
variables can also be determined from the established
hydraulic formulae, for any possible combination of the
variations of the Qw and Qs which are independant
variables. The possible combinations are,

1. An increase in the water discharge and the total
bed material load with reference to the original condi-
tions may cause either a decrease (—), or an increase
(+) in the energy slope of the river at any reach

(i.e.) Q +Q S+ ....(Slope variation).
w s

(The magnitude and direction of the charges in the
variables will be determined from the generalised
equations and graphs which would have been already
evoled for the purpose) vide (graphs 1 to 3. Ap
increase in the Qw and Qs may also be obtained
by either increasing or decreasing the = bed material
size, say Dg to Dy

(ie) Q 4+Q 4+-S+Dgp+  (slope bed material
w S

variation).

An increasc in the Qw and Qs can be achieved by
either increasing or decreasing the depth of flow ‘d’,
the direction of charge depending on the relative
magnitude of the increase in Qy and Qg and also the
quality of the bed material ; a smaller increase in Qw
will create an increase in. Q while a relatively large
increase in the Qg than Qu will produce a decrease
in the ‘d’

Q +Q 4+~S+Dt-d+ (slope, material

w S
size and depth variations.)

considering the width of the river or stream, an increase
in Qw and Qg can increase the width ‘b

Q +Q +r-JS;‘(;D50:{*_d+b—+— *——(slope,
w s

material size and depths and width variations.)

2. Generally, a dam across a river will cause a
decrease in the Qw and Qs in the downstream
reaches of river. The effect of this on the other
variables can be represented as below, by similar

analysis.
QW —Q —~S+4;:Dyy-+d + b
S

3. In any diversion or offtake of a channel from the

main river, an increase in the water disch

. o . arge
with a ieduction in sediment load is expectedg Qle
effect on the variable may be seen from,

Q +Q ——S—d4bx
w S
But, from practical point of view,

decrease in width ‘b’ will be nil or
the equation may be

Q +Q —~S—d+4b+
S

w

the changes for a
negligible and hence

4. Considering the effects of land use, cultivation and
climate changes, etc., they can cause an increase in
s and decrease in Qw and the equation will be
Q —Q +S+d—b+
S

b =56 Qmo-10
2 wo7e  (and the sinuosity

P=094 M2 and M= 55
Qss’

Where *Qm' is the average Annual flow, ‘v’ is  the

sinuosity and ~ *Qs’ S the percentage of total bed
material load.

3P~1jQ,sand bjd—Qm, Qss,

Since the siuuosity is inversely va{’ying to t_he percentagg
of total bed material load, any increase in QYV an
Qs will cause a decrease in the channel sinuosity.
T}:is decrcase in ‘p’  will straighten the channel.
The b is directly proportional to thp water dis-
charge Qw and the Qg, and so any increase in Qw
and Qw Wwill cause an increase in bd which will in
turn cause a decrease or mno change in .the d
conversely, QsQw~ P+ and thls_ will cause
the slope to become smaller.  The  b/d wﬂ‘l ’dec%'ease,
as Qs Qw (bjd) —, wb/d,. , the ‘d” will be
either increased or constant. Thus any other
additional equations can also be obtained from all. the
graphs drawn from the data collected by _ direct
measurenients in the river or channel at different
reaches. For. instance, considering a diversion of
flow from one river to another which increases the

‘Qw’ *Qs’ being constant,
Q +Q ~S -¢4b+ will be the equation regarding
w S

the changes in the off-take river and
Q —Q —S+d--b— will be that for the main
S

w

river.

I{. by any reason, Qs is increased (by operation of
scour vents, etc.); then Qs+ Qw—~S+d—b+ o
becomes the equation. Again, when a reservoir is
across any mnver, it may decrease the Qs , but not
the Qw

& Q—Q \S—d+b— will be
S w
the equation for the condition.

In all the above equations. the channel or river width
can be decreased only if the stream transports a
significant quantity of fine material. The effects on
the variation of size of the bed materials can also be
arrived at by postulating the changes in the characteris-
tics of the bed material discharge.

v

Effects of vegetation on the f{ow in rivers.—The
vegetation can be mainly classified as (.1) Tall
vegetation like trees and (2) short vegetation like
grass.

The short vegetation—Will act as any boun
roughness which retards the flow in the river, both as
rigid as well as flexible roughness. Regarding the
change or retardation in Qw by the friction created by
the short vegetation, the friction co-efficient ‘€ can be
determined for the various types and the relative
changes in the ‘Qw and ‘Q¢ may be studied.
Cértain eémphirical furmulae are available for different
boundary conditions, for this purpose.
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1. For any hydraulically smooth boundary,
1 =2-0log;p N0 —0'8, wher¢ ‘Ng~
v £ v f
s the Reynold’s No.
2. For h hydraulically rough boundary,
L =20log 2R 4114, Whure K is a
vt Ks s
known representative roughness and R is the hydraulic
mean radious.

If Chezy's Co-efficient is adopted,

=
t] — _
hen o= ¥
if the meaning’s ‘n’ is used, the formula is
1 = 148 RIS
v f v 8g n

The tall vegetations.—Will act as cylinders inserted
in an open channel which will complicate the flow
pattern by forming eddies and vortices around them in
the downstream side. Depending on the type of the
cylinders and the flow conditions, these vortices may
be classified as 1. Horse shoe type, 2. Wake vortex
type and 3. Trailing vortex type in any two dimen-
tional fiow. Any vortex system is an integral part of
the flow pattern and it affects mainly the vertical
componant of the velocity in the neighbourhood of
the cylinder. The horse shoe type of vortex is formed
by the concentration of the vortex filaments transverse
to the river flow in a two dimensional undistributed
velocity field, by the presence of the cylinder; the
geometry of the cylinder controls the strength of the
horse shoe. The wake type is formed by the rolling
up of the unstable shear layers generated at the
surface of the cylinder. The strength of the
vortex & generated by the cylinder itself  This
tysiem is related to the so called * Up flow”. The
Trailing System actuslly cccurs only  on completely
sub-merged cylinders and is composed of one or more
discrete vortices attached to the top of the cylinder
and extending D|S. The study of these systems lead
to more of mathematical representations and it is
also out of interest to elaborate this study for the
purpose of this paper. But it is better to understand
the effect of these systems in retarding the flow. The
following are the inferences arrived by the study on the
effects of tall vegetations in a flow. :

1. Different groupings of tall vegetations have a

sigTéﬁcant effect in reducing the flow ratio and sediment
yields,

2. The reduction in the flow rate due t e
tall vegetation stqmps (height equal to the dep?hﬂtl);
flow) can be estimated, provided that the spacing

between trees is 6 dia. in the downst i
) > 1 . \ ream ?
in the lateral side. : : and 3" dia.

3. Tall vegetations rouped'into sta » s

e . y . N e ed ) attern’
aré more effectiv M o

g ive in redgucmg flow rate, thag any other
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4. In any existng forest of tail \’eg:tation_c,
stagoered pattern of cutting is difficult and hence it is
O .
better to harvest them in rows Ir to the {low.

Application of the equations —With tl{e basic
knowledge of the theory and the equations so
formulated by understanding  the relatxYe influence of
the variab:es ¢pn the water-sediment dlschfxl'ges, any
hydraulic variable can be predicted prior to its
occurrence, by considering the river by reaches and sub
recaches.  For instance, prediction of stage  (depth  of
flow) for a certain recurrence interval discharge can b
dore by the following steps:— :

sand ‘Qs’ is computed
sub reach (graph 4

1. The totol discharge of
by Colbys relations for sach
enctosed).

2. The equation of continuity for sediment s
applied througiout each sub reach to obtain the bed
elevation variation for certain time interval.

3. The velocity of flow is computed using the
affected depth of fow.

4. From the flow velocity and energy slope with
that value of stream power is computed.

5. The mannings ‘n’ is obtained from graph 35
with that value of stream power (graph 5 enclosed),

6. The final depth of flow is computed using the
‘n’ and the energy slope obtained above.

7. The stage for each sub reach is computed,
addinz the bed elevation with the variation in the
:levation of bed.

8. Water discharge Qw is increased gradually step
by step as per the hydrograph of the reach and the
velocity of flow is computed using the depth of flow
rrived at.

From the above steps of the equations, it is under-
stood that a knowledge of future flow conditions is
inevitable to predict the future changes or '* Regimes ”,
as it is known, of the rivers, The prediction of future
flow conditions must be based on the past data and
evaluation of the effects of present and future man
made disturbances to the river, The prediction and
study on the Regime of rivers and cI_xannel§ will
certainly guide in overcoming certain difficulties in
designing and improving the rivers and channels and
also for flood control and protection work across them.
Thus the efficiency of the Engineer’s works improves
better.

Prediction of long term River changes :—

1. ‘Basics.—The salient features in the action of any
river or channel are enumerated here for guidance,
The origin of sediment in a river is its catchment
erosion. The finer sediments tend to deposit on the
flood plains and the coarsest are found'in t_he deep bed
during floods. The mode of their motion in a bed are
various, The finer sediment, not found on bed of the
river, but washed and rolled along the bed is called

“Wash or suspended load” ; this can be measurcd by
“sampler's processes ™. The coarser sediment found
on the bed which can be measured by “Traps” laid on
the bed is called “Bed foad”. “[he beniviour of igiat-
Ny stuosities of a river is called its “Meandering”.
The initial reaches of any river may be called “Young”,
as icrc will be only bed scour which affects the water
sedisient ralio to a large extent due to its intensive
action.  The middle reaches are called “maiured”’, as
there will be scour on the sides and not the bed; the
action of the carlier reach is pacified. Then the river
becomes ol by giving rise to  deltas and deposition
of sediment load.

‘2. River Regime and equilibrium.—Any river 13
said to be in equilibrium, when there is no effect on
ils breadth, depth, slope and meander pattern, due 1o
any external forces during flood flows or change in
flows, for a specific period.  This stage of equilibrium

o‘f the river for a period is said to be the particular
Regime” of the river.,

~ During a particular regime, the river will adjust by
tiself for the effects of the ch

loads in a period of time, with,
its geometrical form. This reg
different from one another wii
sediment load changes over

regumes of any open channel or river are 1. Sub, critical-
laminar, 2. Superccitical-laminar 3. Super-critical-turbu-
lant and.é. Subcritical-turbylant. To realise the sub or
super critical and laminar o turbulant flow natures,

the variations in the Froud
‘ e No and Reynolds No are
compared, as these numbers are itati

tations of the nature of flow that i

Ii*md viscosity respectively. For g critical flow, the
- - . - ’

(Wr‘?'ud;: No is unity and it js less than unity for gub-

-fiical and greater thap unity for super critical flows.

eynolds No is limited upto 5G0

w, 1t 1 ;
turbulant flow, it It 15 between 500 to 2,000 and for a

it is b -
stood that for ﬂlo eyond 2,000. 1t is to be under-

1 W to be sub or Super critical the
Sravity is the criterion and for a flow to be laminor or

: ity is the criterion
controlling factors of the flow. ey are the

anges in weter-sedinient
out much of changes in
ime of any 1iver may bc
th respect to the wate
a period  The known

S governed by gravity

3. Regime Changes ing; )
ing stations angd &]);S indicators.—All the  river gaug-

eir e 4
flow will indicate the1 records of specific discharge or

any entrapment of
age or Regulator, by thcpdrop of

reach will suffer | seharee arC, downstream river

ment exclusion from a canal ete, -

Of all the possible var : . .
loads, breadth, width, slgrrgb(l,?’ ViZ., water, sediment

th »
Size of bed material, water dischargn <y s e Sralt

cate or aid to estimate the changes i
that i
breadth, depth, slope and meandger etc. ;;1 lxl'ivde:em

due to the hydraulic or man made interference orf d}xs—
turbance with the regime of rivers. The results of t til;:
prediction of the regime changes of a river reach w1h
the help of those graphs fmd formulae will be of muc
useful to Ecologists, Engineers, geographer, geologists
and hydrologists in their works. For msta}r)lce, bg
knowing and interpretating the available graphs gxz
formulae for a river behaviour, a project or design
Engineer can predetermine the probable course of action
of the river in an Engincering time to suit his dcs;gnﬁor
cxecution of any irrigation project inaccordance with
the natural changes of the river by which the efficiency
and cconomy of the project is increased,

L Si , Regime Relations.—The regime relations
coriis:”(’:fpltehe n%eander length ‘M. ° Meander k31'§adth
< Ms ' river width ‘b’ depth *d’ ar‘ld’ its bed slc:p S _09
one side and the total dlscharge. Q' on the other side;
it is assumed that the water-sediment complex and the
self adjusting sides are fixed.

ischarge formula—Assuming a long, straight,
hoggce;xfzﬁdglll’fnnele, with a stefidy water—sedlm.ent dis-
charees < Qw and * Qs ¢ and _w1th a non-_cohesxve !)ed
formation due to ‘Qs " the sides beuf)g _e(;ther grodlble
g itab) the irregularitics of sides and mean-
ggri?)?gpzsrléazlr%vzﬁgzd by m§intainance, ‘tl’le chann.el will
get equilibrium values of ‘b’ ‘d’ .and s depenfllng on
the (the sum of QW and Qs) Q, in course of time, ‘Iié
this experiment is repeated for different Vall.Jes of ‘Q
others being constant, then the b, d, and s will be fun-
ctions of Q, i.e, f (Q) =f (bd,s). If new set of ex-
periments arc conducted allowing the full meandering
of the channel, others being constant, the ML and Mp
will also be f(Q)=f(MvL Ms).

If further experiments are copducted with ﬂuct.uat-
ing, but average, steady ‘Q’ assuming the same function-
al relations in terms of specific averages, dl_ﬁ'erent co-
efficients will be evolved. Thus, some fl_mctxonal r.ela-
tions are formed by repeated studies which are given

below.
1. For river and canals—b’ varies as Q 1/2
2. Duned sand bed rivers and canals— d—~Q!/3 ang
S—Qis o
3. For gravel rivers—d— Q 25 ands m’Q~2(5~

4. All rivers—ML, MBaQ 12 T Y
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5. For any intermediate case, the power of Q will
vary accordingly. Hence problems can be solved assu-
ming that change in a formula with a fixed power to the
corresponding one with another is discontinuous. The
reason for the various powers is that moving beds may
be flat or covered with dunes of various forms.

The Meander formulaes.—As per * Inglis’ MLaQ?}2
and MB~Qt/* Hence M —MB—b-

Inglis has established these formulae by his studies
on the rivers in the alluvial plains of India. Here, the
co-efficient in My eoQ!/2does not seem  to depend on
meander pattern, but the ratio M B'|ML varies from
about 3.5 to 1.5, according to whether the fully deve-
loped pattern is sinusoidal or serpentine, Geologists
also arrived the equalion M- 10pandMpec b, for dis-
charges from models up to a maximum discharge.

The breadth formula—For channels formed in allu-
vium (both sides and bed), b=C Q!> Where ‘Qis
average discharge and ‘C’ is a constant for the same pro-
perties of channel for all discharges. This has been ar-
vived &l by ‘G.Lacey’ by studying eight river systems in
which one was an irrigation system of canals in Madras
State. The co-efficient * C* will be considered as the ratio
between the action that keeps the bed in equilibrium to
that which keeps the sides in equilibrium.

~. b=Fb/Fs x(Q'/2) - where Fy is the bed factor and‘F’s
is the side factor.,

The meander and breadth relations is of much import-
ance in deciding the waterway of a bridge to be execu-
ted across the channel and locating the Intakes, docks,
tlc. at any reach of the channel, keeping in mind the
future regime changes in due course, with changing

water-sediment discharges. This is on the practical
engineering aspect,

An Illustration —This illustration is an attempt  tc
explain the prediction of regime change and its effects,
of a river system from the knowledge of the graphs
and equations considered so far. This can aid in
visualising the possible damages with years before its
final regime is attained. The sketch below represents
the river system under consideration; ‘A’ s the adjacent
river or stream and ‘B’ a tributory to the Main river.

The Tributory carries a total discharge ‘ Q.
Skeich—






s ‘A’ and ‘B’ arc assumed to .be s1m1lar in
‘Svt;te;m sediment camrying capacity and in _ their _ﬂood
tain characterstics. ‘B’ meanders in a fairly cultivated
Eood plain; Any high Aood will deposit light loads of
finc sand, ’clay and silt over the plains, The stream
ded is of course sand.

it is decided by the planning Engineers to
ﬂivI:r(:w:N:ittclrs g‘om ‘A yalong ;? cl_lannel cut ‘PQ’ into
‘B’, as indicated in the sketch, to increase the irrigation
oot’cnlial ajong the main rivpr. ’ This dws:rsxon mcrea‘se,s
the discharge after thfe ﬁ;l)omt ‘C' as twice that of ‘B’
! in ime of the nver.,
g(_)_:réhte)l?gLréixrgCQl/z This means that for doubling
the discharee, the ‘b’ should be increased by 41
per cent with no change in the constant ‘C’ Here comes
the importance and use of the graphs previously drawn
for the river and stream. From the graph No. 1 to 4
enclosed, (Qvs s, d and v), We can ficd the b and d
requireq for the discharge known. The graphs can
also’ indicate that ‘b’ is increased by 41 per cent and
henge the meamder dimensions ML and Mg,

the Diversions—Due to the diversion ol
'Q E;ggxcri ?li”l;;to ‘B’ thro the 10 miles long cham.lel
cut, there may be violent bank and bed erosions with
hig'h flood levels, more of meandering with cut offs.
The farmers in the flood plain will experience more

nuisance on their lands and crops disturbed either by

i wash off or deposit of coarse sediments
:J:rg (t‘}l:ci(:’r lands. Theirbzi'wellings on and around the
banks of the river may also be ruined due to the 41
per cent wider breath formed. In the absence of the
“knowledge” and “know how” of the regime ?Panges,f
these happenings may be considered as the “Act o
god” even in a court of law.

Depth formula.—This can be understood by‘ th.e
inferf:‘r))cc inadc by “Lacey” that the Froude No. ‘F is
fixed when the nature of the water-sediment complex is
Fixed. i.e. F= V + Q a Q s aconStant

Voo
i tve of the breadth of the channel. Hence, .for
gnrjers%ican‘;)el with Duned bed (sand bed) and erodible
i depth ‘d’ will be CQ 13 where ‘C’ is a ccns-
ilag;s’ ﬂvl\?he::p‘ g’ is ignored in the Froudes’ formula, then
the bed factor ‘F may be introduced which may be

equated as Fb— V¢ = 9% since
d ds
q = Q =Vd. This ‘Fv’ is a function of the
b

bed toad charge ‘C’ and mean dia. of the bed material
D’ gravity; viscosity, density and slope of the bed
material, etc. IR ]

From Fo = q* , wehaved = ¢?p .
ds Fbl/3
Already b= CQ!/2
ng=Q = Q =C—Qp
b COlt
sdt = Q¥ = (C-1Q12) 28 = ( C-2) Q3=C Q1
Fbis ~  Fp 1/8 Fp 1/8

467A-2—6

41

#or No dunes (Gravel bed), since there will be only a
small bed load charge due to the bigger size of the
gravel and its slope, the bed factor may be Fbo(D/d)!/s
where Fy, is the zero bed factor, ‘D’ is the grain
size dia and ‘d’ is the depth of flow. This means that
the bed factor no langer depends on the nature of
water sediment complex. However, if this is inserted
in the depth formula, it becomes as
d o Q2] (C M#

For any other intermediate cases, the powers may
aiter. The depth formula is of use in estimating the
scour depths of river training works, ie., it can indi-
rate whether the bed scour will be violent or not for a
particular discharge in a particular period.

Now, in the illustrative problem taken, the river will
hold water level to the normal so that the extra 60

per cent of depth caused by the doubling of discharge
will be taken by the scour, as

d = 2213 2R = gt

T FelA Fald

Further, the upsiream water level ‘for the doubled
discharge will be greater than that of the original
discharge so 'that the potential drop in the bed would
ba less. The ecalculation is grod erough to give
creditahility to the farmers—statements that the
interference with the river bed caused unprecedented

quantities of bed materials to be whipped into
suspension and dumped on their land.

160

Slope formula.—As per “Lacey”, the slope formula
is S 6 where “C" is a constant depending
on the nature of the water sediment complex and the
sides. This constant can be arrived at from the
fundamental relation R 4 §’ is a constant for any
constant water-sediment complex and fixed erodible
side nature. The basic difliculties with all the available
slope formulae for any kind of mobile boundary are,
(1) The slope has to depend on bed and side roughncss
which is different in genesis and operation and there
is no way to separate the effects of these two points of
the boundary. (2) the river meandering has a major
effect cn slope. Hence, for practical engineering appli-
cations of this formula, a new constant ‘K’ known as

the meander correction co-efficient may be introduced
to avoid enormous errors,

For._ no deures, the river data are of no use for
producing a formula for this case, but “Leopold” and
“Wolman” have produced a graph of ‘S’ against ‘Q’

for a large range of rivers in different systems fr
which it is deduced that S oc pDess Qs?;sb » Hrom

Again, coming to the illustration, in
the slope formulae, considering the ch
reaches ‘CE’ and ‘DC’ from their ori
and designed states, the ‘CE’
‘Q’ is allowed through ‘DC’
the ultimate ‘S’ will be

accordance with
ange in slope of
ginal undisturbed
reach is to take 2Q while
reach by division, $o

2-7/01\_1.3 times the



original and the ultimate ‘b’ will be increased to v
times the original. If the original slope  of
‘CE’ is 2’|mile and that of ‘DC’ is 6'|mile (designed)
then ‘CE’ reach will have 30’ drop and ‘DC’ 60" drop.

Then the river at ‘C’ wiil be TY . lower than its

original level after the 2Q fiow. The reach - uC  wil
expericnce and aequire the original meandering, dimen-
sions and slope as per 'CF reach as it had Q from
‘B’ and it wili g2t a droy of 30 aistead of its original
desivaed drop oi 60" jts siope beg 2'jmile and possi-
bly 2 windire fenoth of about 15 miles. Its tail being
the head of 'CE” will be 4’ lower than its original one
which makes its head 34’ lower than designed.
Hence its head regulator will certainly need a lot of
remodelling during the decades. The effect of this
change is regional of “DC” is as follows:When designing
the “DC” reach, generally, the bed is assumed to be
the same as that of ‘CE’ and the bed slope of ‘DC' is
arrived with its straight alignment. Due to the deep
slopy bed and straight alignment, there will be
enormous bed scour and if there is side scour there
will be meandering of the ‘DC’ reach in accordance
with the soil nature. In turn, the ‘CE’ reach will also
suffer from misdesign due to the change in the regime
of ‘DC’, is the sediment will enter 'CE’ and might
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dump an alluvial pan  As the sediment advances, it
wiil siecpen the head reach of ‘CE’. Apart from this
aggradation of ‘CE’ and degradation of ‘DC’, the
mam river and ‘B’ also will suffer from abnormalities
which will affect downstrcam irrigation, land use,
Highways, etc.,, and cause public disaster. Hence
prediction of the future changes in the regime of a
nver or channel must be carcfully made and considered
In designing  any river diversion, across masonry ox
Irrigation schemes.

- K. ETHIRAJAN.

Reference Books—

1. Hand Book of

Appli -
Te Chow pplied Hydrology by—Ven

.

2. Open Channel Hydraulics by—Ven Te Chow.

3. Hand Book of Applied i -
Davis, Pp Hydraulics by

4. River mechanics by—H.W. Shen,

) 5. Environmental Impact on Rivers by—H.W. Shen.
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FiG I VARIATION OF BED SLOPE'S

(Oeveloped from Fig (I- 4) of Book
Environmental impact on Rivers
By -~ H.W. Shen.)
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F16. 2. VARIATION OF BED MATERIAL SIZE 'D'

(Developed from Fig (1-7) of Book
\ Environmental impact en Rivers
By - H.W. Shen.)
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FIG | 3. VARIATION OF DEPTH WITH DISCHARGE

(Developed from Fig.(1-10) of Book
Environmental impact on Rivers
By - H.W.Shen)
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Computed bed material discharge in Tons/Day/ Foot Width "Q; ——

FIG

: 4 _Effects of Depth on the Colboys relations between meqn
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FIG. 5 VARIATION OF MANNING'S 'n' WITH STREAM POWE R
(Extvact from Fig. (1-12) of Book
Environmental impoct o Rivers
By~ W W. Shen )
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Arother view of Palar—Porandalar Project—(Reflected view is also seen).
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