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EDITORIAL.

In the first article, the author Er. K. Ethirajan, Assistant Engineer, P.W.D., Institute of
Hydraulics and Hydrology, Poondi analyses the method of recharging the out going hot water
from the coolant water system of a power plant into the ground water aquifer and dissipitating
the high temperature of the water. This is necessitated on account of surface water scarcity
due to the failure of monsoonic rains, New method of cooling and recirculating the coolant
water has been enunciated without going in for detailed study of the whole coolant system.

Secondly, Prof. R. K. Sivanappan has explained in his article the need for systematic water
management practice to minimise the use of water without the yield potential being affected.

Thirdly, Er. C. S. Ramadoss, and Er. K. V. Padmanabha Rao, Engineers of Valparai division
have brought out in the article, the economy in the construction of a bridge adopting method

of composite construction in steel and concrete in preference to the conventional T-Beam and
slab method for information of readers.

Lastly, but not least, Er. M. A, Varadarajan, has explaired regardirg as to what is gaugings
starting from selection of gauging sites, different methods of observing velocities and discharges
and also regarding current meter gaugings, etc.

We again request all Engineers to contribute more articles for the forthcoming issues and
serve a noble cause.

EDITOR.
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STUDY OF COOLANT WATER CIRCULATION TO THERMAL PLANIS
BY GROUND WATER RECHARGING.
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By

ErR. K. ETHIRAJAN, BEg.*

Scope.—Almost all the thermal plants which are ado-
pted for various purposes like power generation, pumped
storage works, etc., need some sort of cooling system to
minimise the rise in their working or limiting temperature.
Of those various purposes, thermal plants adopted for
power generationinvite our special attention on their
coolant water system in these days of scarcity of both
water and power in Tamil Nadu. Though, it is a general
principle that those power plants are to be located and
situated near or at any surface water storages eitl er natural
or artificial for the purpose of obtaining adequate coolant
and other water supply, there arise certain practical and
unavoidable difficulties in drawing and disposing the
coolant water.” For example, from a surface water storage
with multipurpose, the rate of intake of water for coolant
system will vary according to the availability of storage
in the reservoir, which will vary season to season. This
may lead to a severe shortfall in the coolant water supply
to the power plant, The drawal of coolant water for
power plants from sea or any other natural storage may
be affected by the formation of sandbars of littoral drift
at the intake, which gives rise to the difficulty of reduction
in the intake rate of coolant water continuously. Present
methods that are being handled to avoid such difficulties
do not prove to be efficient and economic. On the other
hand the surface water scarcity due to the failure of mon-
soonic rains pricks us to evolve any other alternative to
avoid the above problem, by all the advancements in
science and technology.

With the above problem in mind, the scope of this paper
is vested or devoted to illustrate in principle, the method
of recharging the out going hot water from the coolant
water system of the power plant into the ground water
aquifer and dissipating the high temperature of the water.
Fresh and cold water may also be pumped into the coolant
water system by direct connection of the discharging
limb of the recharging assembly installed nearby for the
purpose. The scope of this paper is further limited to
understanding of the new method of cooling and recir-
culating the coolant water without going in for detailed
study of the whole coolant water system and its working
or operation,

Introduction.—The thermal power plants in our state
experience insufficiency of coolant water supply and the
enormous cost of the supply of coolant water at present
Secondly, the methods of cooling in reusing the effluent

hot water from the plants, by reducing the rise in tempera-
ture, are not also effective and quick. Hence it becomes
necessary that any other alterrative method of cooling
and supply of the coolant water which will be effective
and quick must be introduced atleast to safeguard the
power plants from their break-downs due to the insufficient
rate of coolant water supply into them to absorb maXimum
temperature of the plants during their operations for
power generation and to keep them in their working or
limiting temperature for their best performance with max-
mum efficiency. Now, it is known that sufficient knowledge
of the ground water study and its tapping for variotgls
purposes in place of the surface water is available and
thus the artificial recharging of the effluent hot water
coming out from the power unit into the ground water
aquifer in the nearby area, getting it cooled by mixing with
the cold water of the aquifer and recirculating theg cold
water pumped out from the aquifer directly into the coolant
systemof the power plant unit continously, bec x
effective and quick for the purpose. ’ ome

Procedure outlined—The  execution of this system or
method will mainly comprise the following works :—

1. Investigation of sub-surface and ground
: . water -
tial and the characteristics of the underground aqu}ijt%tre?n
thezinear vicinity of land where the power plant is located
an

2. Installation of the recharging and discharei i
. . . in
with other accessories required for pumping, n%eaiu?i?fé
and recirculating the ground water directly into the plants

1. Investigation of the ground water  aquifer —This
work comprises of conducting a site survey of the land
drilling and boring operations to obtain details of the syb.
strata ofthe land, boring number of observation wells to
the maximum depth of the aquifer and conducting pumpin
and recuperation tests on the observation wells, etc Thf
sub-surface investigation will reveal the conﬁgilrati‘on of
the geologic formation of the various strata of the ground
and their physical characteristics in the storage and
transmission of ground water. This investigation is
done by actual drilling and boring operations into the
ground and analysing the soil samples taken for the
specific object of determining their water holding, retainin
and transmitting capacities. A number of observétion tubg
wells in the land area located in a planned manner ma

* Assistant Bagineer, P.W.D., Institute of Hydraulics and Hydrelogy, Poondi.
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be board to determine the ground water table !evel, depth
of aquifer and also the extent of the aquifer; pumping
and requperation tests may be conducted to d_ete‘:n‘n‘me
the rate of the ground water movement (Transmissibility)
and the capacity of the aquifer, whetherit s a confined or
unconfined  one (storage_). From all the above
investigations, we can visualise or forsee_ the whole
ground water flow around the povyer.plapt site and the
nature of sub-soils which will be of much use in deciding
the rate of recharging of hot water from the plants into
the ground and the ground water for * dispersion and
cooling. The observations on the storage and trans-
missibility of the aquifer underneath are to be made
continuously ~ for different  seasons to realise the
fluctuations” and variations in them. The location of
the observation wells may.be carefully planned in such a
way that the observations in those wells reveal the exact
nature of the aquifer and those wells can well be adopted
as either discharging or rqchargmg ones later, when @he
artificial recharging unit is executed.. The preparation
of “Bore-log” details for each observation well and deter-
mination of the ground water flow pa_tr;anlffters like the
“storage coefficient”” and “Tran.smlss;blll_ty are the most
inevitable parts of the whole investigation. The initial
cost of this investigation may be worked out and compared
with that of the other methods of coolant water supply,
along with other factors to decide the applicability and
reliability of the new method. .Fmally,‘xt is to be noted
whether the ground water aquifer studied would supply
the requisite rate of coolant water to the plants as required
by them and whether the recharging of the hot water from
the plants would be efficient with the rate of efiluent
water or not. All the above investigations are of para-
mount importance to study ar_ld determme the applica-
bility of the method in the pamcula_r locall.ty of the ther-
mal power plants even just to decide their location.

2. Design and Insiallation of the wunit—The design
and installation of the various components of the Te-
charging unit depend on the results of the investigation
made as described earlier, on one hand and the require-
ments of the power plants in respect of their cooling
system, on the other hand. The depth of ground water
aquifer, storage co-efficient and transmissibility, etc., can
decide the type and horse power of the pump and motor
to be used for discharging the coolant water supply from

.the pump ard the cooler unit, etc. The

the aquifer. The bore-log details and fluctuatiors in the
grourd water table level, etc., can kelp in deciding the
rate of recharging and accessories required. Altarratively
the capacity of the discharging pump and motor may,
also be determined from the rate of coolant water supply
required by the plants for their best perfoimarce. The
design of the recharging limib of the system may be made
with referernce to the rate of the effluent hot water from
the plant, which has to be dispersed ard cooled. The
temperature rise in the coolant water has to be simul-

-taneously observed. Necessary fittirgs like pressure

guage, watermeter, theremometer, control valves, mano-
meter and strainer arrangements, etc., are to be carefully
selected and installed in the unit with special attention.
Necessary outlet arrangements arnd water tappings, etc.,
may also be installed in the unit for usirg the pumped
ground water for some other allicd, domestic ard gar-
dening purpose for the locality.

The sketch enclosed is assimed to illustizte 1te zefral
installation of the discharging ard recharging limbs with
all their fittings, etc. The spacing between wells, dimen-
sions of screens ard casing pipes and quality of the screens,
etc., are to be properly chosen to avoid improper mixing
of hot water. soil particles enterirg into the impeller of
perforations in
the casting pipes shkould provide adcquate water way
witkout affectirg (ke ratural formation of sub-soil strata
to avoid caving and urdermining ard surgirg, etc., Suffi-
cient air escape line is also necessary (0 get rid off the air
entraining ard entrapping into the rechargirg limb.

Finally, it is suggestcd that the present Cey problams on
the coolant water supply ard disposal or recirculation mey
be tried to be overcome by the above method wherever
it is feasible; it is presumed that the method will be much
better suited and economic for the power plants situated
near the natural storages or coastal areas where the ground
water table level will be relatively at a shallow depth and
the very aquifer urderneath will be almost urconfined in
that area.. This will totally solve the insufficiency of
coolant water supply ard promote the coolirg ard dissi-
patirg the rise in temperature of the effiuent water, with
all other allied advantages in any thermal rower gereration

project. This paper is only an outlire ard pre-thought
to the above study.

——
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WATER MANAGEMENT RESEARCH

Er. R. K. SIVANAPPAN =

Introduction—

Water is a vital natural resource, most often neglecte;d
inuse. The demand for water isto be doubled in
twenty  vears. Hence conservation and manage-
ment of water cthrough mtegral proc.ess‘of ’dwers on,
conveyance, regulation, metering, distribution and appli-
cation at appropriate time becomes vital to conserve this
natural resource for the benefit of posterity.

2. Balance Sheet—

Total surface water potential it} Tz}mil Nadu is 4.00
m.h.m. Ground water potential is estimated to be
1.50 m.h.m. 95 per cent of surface water and 67 per
cent of sub-surface water (about 1.00 m.h.m.) are being
utilised in this state. About 3.68 m.h. of land is under
irrigation which accounts for 46 per cent of cropped
area.  About 2.50 m.h. of area is under paddy cultiva-
tion which consumes more than 85 per cent of the vyater
available for irrigation. Abo.ut. 30 per cent of the
irrigated land utilises the remaining 15 per cent for
raising crops other than paddy.  The water require-
ment studies conducted at Tamil Nadu Agricultural
University and elsewhere have brought out ranges of
water use for some importance crops, as indicated below :

Paddy : 1,000—2,500 mm,

Millets :  350—700 mm.

Banana {  1,500—2,500 mm.
Sugarcane |

The advancement of water management practices
have given scope to narrow down this range of water-
use without sacrificing the yield.

3. Results of Water Management studies—

In Tamil Nadu the need for water management research
‘was started as early as 1920. '_I’he water requirement
studies conducted at Aduthurai, den{anam, etc.,
brought out varying results_owmg to th_e dnﬁ‘erench in
agro-climatic factors, advective and oasis effects, diffe-
rences in seasons and methodology. Water manage-
‘ment aspects of paddy crop was studied systematically
after 1960 at Bhavanisagar, Conmbatorc and Tl}anjavur.
“The results indicated scope for effecting economy in water
use.  After the establishment of the Water Manage-
ment Institute at Thanjavur and the Tamil Nadu Agri-
cultural  University at Coimbatore, intensified studies
were taken up on conveyance, land shaping, manage-
ment practices, etc., in relation to water application and
use for crops and the following findings were obtained:—

(@) Conveyance loss through unlined channel is more
‘than 40 to 50 per cent.

(b) Land-levelling operation alone resulted in a saving
.of 30 per cent of water needed.

(¢) Maintenance of 3 to 5 cm.  of submergence
during a_limited period and a thin layer of film during
the remaining seasonnot only resulted in savings of water,
but also did not decrease the yield, resulting in higher
water use efficiency. With regard to conveyance, use
of prefabricated structures can be effectively used since
the initial investment can be reaped back within years,
The advancement of mechanical gadgets facilitates pre-
parations of ideally level fields. On stock taking of the
results so far obtained, it has been noticed that the work
done so far is only a fringe of the problem of the State.

4. Research Needs—

The emphasis for better management of water needs
concentrated research needs as follows :—

(a) Utilisation of existing knowledge.— The appli-
cation of research findings will have to be diffused to the
farmers’ level. In such endeavour, there is need to
confirm the results so far obtained at different physio-
logical, soil and climatological conditions.

(b) Adaptive research need.— In order to verify
the research findings adaptive research is vital. This
can be done by magnifying the area of approach, including
more relevant practical parameters, if possible in the
farmers’ fields.

(c) New  research .—Sometimes adaptive research
will bring back new problems which can be posed to
the research scientists, who, in turn, willidentify the cause
for such problems and work out a reliable solution. The
introduction of modern agricultural technology through
high yielding varieties, mixed cropping, relay multiple
cropping, short duration and hybrid varieties call up
different management practices. For istances, the coinci-
dence of flowering stage and monsoon will have certain
significant effects in certain crops. The critical water
need coincides with certain growth reason. There is
a deficiency of knowledge in “on-farm water manage-
ment aspects”.

5. On-farm water management studies—

The research needs can be classified as direct or basic
research needs which will directly benefit the farmer and
indirect or fundamental research needs which will help
the scientists to chalk out a solution to the problem.
The following problems have been identified which
are more relevant with regard to “‘on-farm water manage-
ment”.

(a) Fundamental studies
(i) Physiological responses of crops in relation
to environmental stresses.

(ii) Interaction of water with other inputs with
to crop productivity.

(iii) Identification of critical technological innova-
tions or systems and their impact on the management
practices.

regard

* Professor and Head, Department of Soil and Water Conservation Engineering, Tamil Nadu Agriculturai

Uaiversity, Coimbatore-3.
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(b) Basic studies

(i) Metering, control and regulation of drainage/
irrigation water to improve farm-irrigation system.

(i) Impact of quality and quantity of on-farm
water management with surface and sub-surface water
resources.

(¢) Socio-economic studies

(i) Farmers’ involvement in management and
distribution of community water resources—Ways and

means analysis.

(ii) Prediction of economic consequences of alter-
native—both short-term and long-term strategy.

(iii) Integrated approach of water management
for irrigation, industry, etc., and the prediction .of SOCio-
economic hazards such as pollution, water logging, etc.

(d) Applied Research Needs

It is not possible to wait for the results of the water
management studies spelt up above. Immedlate steps
are required to concentrate on the following problems
simultaneously :—

(1) Conjunctive use of surface and ground water,

(ii) Development of cropping patterns for efficient
water utilisation. The fluctuation of price levels of
agricultural commodities create varieties of problems
to farmers who switch over from one crop to the other.
The findings of such studies will benefit the farmers.

(iii) Volumetric water delivery/distribution.

(iv) Maximising crop yield per unit of water through
land management, application management and crop
selection besides other cultural practices such as skip-
furrow/alternate furrow practices.

(v) Resource allocation for maximum return.

(vi) Resource enrichment programme through per-
colation tank, detention storage structures, water har-
vesting technique, re-use of drainage water, etc.

Apart from the above research work, the following
distinct steps needs to be taken to improve water manage-

ment in the command areas. Many of these steps can
be attempted simultaneously in order to save valuable

water.

1. Creation of an informed official opinion.

2. Creation of an informed public opinion.

3. Introducing the subject at the technical level.
4. Creation of an adequate technique infra-structure,
5. Creation of the necessary infra-structure.

6. The phasing of implementation.

6

6. Formulation of programmes —

Works on water management are carried out by the
various organisations in the state, namely (a) Tamil Nadu
Agricultural  University, (b) Depariment of Agriculture
(¢) Department of Irrigation (P.W.D.), (d) Ground
Water Directorate (¢) Private Agencies. There is no
co-ordination among the research workers working in the
various organisations at present and they themselves
do not know what is happening in other sides. Therefore,
it is suggested that there must be a separate organisation
to take up research and implementing the research findings
at the State level. And there must be a State level
committee or board on *‘water management implemen-
tation”. The Director of Agriculture, Chief Engineer
(Irrigation) Chief Engineer (Ground water), Tamil Nadu
Agrmultural.Universily, Centre Ground Water Bourd,
Repiesentatives of private bodies who are interested in
the water resources and development should be members:
of the board in order to chalk out the programme, priori-
ties and implementation of the various research findings.
There must also be a State level institute for water manage-
ment which should be located at the central place and this
centre can take up research need of that region in addition
to co-ordinate the activities of the entire State. There
must be five regionalstations attached to the Institute for
the remaining five agro-climatic regions of the state.

The Water Management Institute at Thanjavur and the
Water Resources Institute at Madras may be brought
under this set up. The Institutes should have the

following separate department to tackle the various pro-
blems :—

(a) Co-ordination.

(b) Data collection,

(¢) Research.

{d) Training.

(e} Extension Education and
(f) Trrigation Tnformation.

Each regional institute should have a research wing
for both irrigated (canal, wells) and drv land training
wing and eXtension wing, so that the research findings
can be popularised and implemented soon,
The State institute should organise the work in collabo
ration with the National Institutes like Water Technology
Centre, New Delhi, International Crops Research Insti-
tute for the Semi-Arid Tropics, Hyderabad, All-India
Co-ordl_nateq _ Research  and on Water Management
and Soil Salxmty, etc. In addition, it can also colla~
borate with International Organisations which are devo-
ting their attention in water resources and management
namely, Water Resources Council of Australia, The
Council of U.S. University for Soil and Water Develop--
ment in Arid and Sub Humied Areas, Logan, Utah,
U.S.A., Water Resources Council of U.S.A., Washington,
UN.D.P, etc. Since water management and conser-
vation is a global problem, the help of the international
agencies, world organisations and other foundations
can be obtained to organise and to implement the above
proposal who have already sized the problem and imple-
menting in other parts of the world in a big way. '

7. Suggestions for future work —

Tamil Nadu has already harnessed the entire water and
is being used for irrigation and other purposes. .]n
order 1o increase production for the growing populatnon
and the water needs for industries and for drinking, the
requirement of water has to be f'OL_md out. Subst?.n-
tial quantity can be met by adopting suitable cropping
patterns, In order to plan and cxecute the same,
it is necessary that an irrigation (water) comnussion 1s
appointed by the Government for collscting all the data
and suggesting the means and ways for the future needs
just like Irrigation Commission of India, 1972, Water
has bzcome already a scarce commodity in Tgmll Nadu
and hence it is very necessary that Extension Officers
(Water Management) may be created for each block,
in order to give proper guidance and help the farmers
in using the water. In U.S.A., extension specialists
(water managemsnt) are working in counties in order
to utilise tne available water most efficiently. Further
legislation should be brought to check and guide to pre-
vent the over-utilization of water. The State is not having
trained pezrsonnel in  water management. Hence
training facilities should be created in the proposed insti-
tute for training variuos level of persons, including far-
mers on water management. It is also necessary
to have an irrigation information centre to deal with all
aspzcts of field irrigation. This can be attached to
the training centre mentioned above. The centre will
publish materials in simple form (popular papers in Tamil)
and research reviews on the water management of crops
and in the extension methods, suitable for agriculture
in all regions will be undertaken. 1t also will act as a

.clearing house and regional services in basic and applied

aspects of irrigation.  Further, this institute can arrange
to get top scientists from other countries for short periods
for consultation to improve the water management in

Tamil Nadu and also try to send the research personnel
working in the field to get acquaintance with the latest
techniques in other advanced countries. To organise
this programme, the help of the various organisations
like Ford Foundation, Rock feller Foundation, USAID,
World Bank, Food and Agricultural Organisation, UNDP,
etc., can be approached. All the above suggestions
may be implemented without postponement as the State
has already feeling the pirnch of the shortage of water
and no time should lost further more.

Summary —

The water supply is limited (constant), but demand
of water is increasing day by day. Fortunately, some of
the problems could be solved by utilising and adapting
the existing knowledge on water management. The
problems, the crops grown, the source of water are all
different in different situations.  Though some work
has been done in the State in the last 10-—15 years, it
has not touched the main problems. Many depart-
ments or organisations are interested and involved in
this subject. All these can be clubbed and a separate
organisation can be formed to tackle the very important
and essential problem. The problems to te tackled have
been identified and the suggestions are given in the pre-
vious pages. The work to be done is a complex nature
as it involves many agencies including the farmers. There-
fore concrete steps should be taken with the co-operation
of the farmers and public and also with the help of State
level, national and international agencies. The farmers
and extension officers should be trained in order 1o utilise
the water economically and to produce more. The sug-
gestions should be implemented by forming a State-levcl
committee which can co-ordinate and guide the problcms
on water management.

—O0—
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TION OF A BRIDGE ADOPTING METHOD OF COMPOSITE
CONSTRUC CONSTRUCTION IN STEEL AND CONCRETE.

By

*1. Tairy C. S. RAMADOQSS

AND

*2. Tmiru K. V. PADMANABHA RAO.

This article deals with construction of a bridge in
Parambikulam Aliyar Project, adopting a com;;(osne
section of steel girders and concrete slab. (Please see sketch
at gff,%ﬁa\%fﬂ)ers of the Nirar River are diverted to Shola-
yar River by means of two tunnels, the Upper Nlr.ar
Tunnel and the Lower Nirar Tunnel. The three mile
long Upper Nirar Tunnel takes off just above ‘the Nirar
Weir in the Chinchona area and is capable of carrying a
maximum discharge of the order of 3500 c/s. The diver-
ted waters cnter a small stream called KH.FUDK\IIH’AT.
which ultimately joins Sholayar River above the Sho}dy\ar
Reservoir of Parambikulem-Aliyar PI‘(})G.CL Th;\ cat'ch-
ment yield and catchment flood of Karumalei Ar. are
quite small. There are a number of small bridges across
this strcam. put up by the local estate owners for the

ose of vehicular traffic as \g\'ell as for 1h<§ labourers
e oss from plot to plot. With the establishment of
:ﬁec(r:hinchona Plantations and t‘actory,‘ inlrudgc'li.on ol
bus services and due to the construction activities of
Parambikulam-Aliyar Projcct, traffic over some of these
bridges have considerably increased. Hence PAP au-
thorities have reconstructed a few of the bridges in this
area to accommodate the increased load and traiz“xc over
them. The original design of foundation of all the bridges
was only for the maximum flood carried by thc‘z. stream;
from the point of view of headroom most of the
bridges were comfortably off, as the nature of the rain
automatically left sufficient free board in most cases.
Where the bridges are founded on rock, the scour was no
problem, but in some cases where the er(}ges were foun-
ded in gravelly or loamy soil, the quantity of discharge,
extra velocity generated and the maximum scour dgpth,
d very great importance. Some of.the old bn(}ges
ass'uflftewere ot rebuilt had their foundation undermined
W}ﬁlc the diversion of flood waters took place during the
" enoon period of 1974, One such bridge was located
monsdistance of 4.07 Km. from the exit of Upper Nirar
un el. During the peak flows, the abutment and
gﬂ?g ot'" this bridge were undermined due to heavy scour
and they collapsed.

; ion of the site after the flow receded it

On g&;ﬁ:pf}f;’tothc bridge could not cope up the dis-

was © due to insufficient waterway as well as insufficient

char}g‘e of foundation. Hence while designing the new
%:ipd‘ge the following points were considered :—

. ere was no rock at site or anywhere in the

. _(1.)t Aih‘f bridge is to be located at the same alignment,
:;ictl}?ltl)x{é foundation laid in loamy soil taken down below
the maximum scour depth;

(i)) To prevent generation of higher velocities and
consequent deeper  scour depths, constriction of
river width between abutments was  not advisable;

(iii) For the same reason as above providing m

any
piers in the river bed to restrict the span was also not
possible.

Considering these aspects it was decided (o adopt two
spans of 12.2 m (407-0"") each, a single pier in the middle
thereby leaving a total clear waterway of 24.4 M.

Original intention was to goinfora conventional Tee
beam bridge. The main problem in going in for this
type of comstruction was provision of shoring and
strutting for the centerirg for the Tece beems ard slob.
The stream was almost perennial. The period of lowest
flow had to be utilised for excavation ard concreting of
the foundations as it was a very difficult job to prepore the
foundation pit in a flowing type of soil, with water also
gushing from all sides; for a small unimports nt bridge of
this type highly sophisticated methods, of river-bed-tack-
ling was not considered worthwhile or economical. Hence
there was hardly any time left to do the shoring and
strutting from the river-bed and to maintain it for a mini-
mum period of three weeks, with the possibility of flash-
flows at any time. The soil condition in the river-bed
was also not suitable to provide massive shoring and
strutting arrangements for the centering.

Provision of conventional stcel girder bridge with deck
slabs for a 122.m  span was found to be exhorbitantly
costly. Tt was therefore examined whether we could not
make the deck slab to take the compression in the longitu-
dinal direction, i.e., in the direction of the main span and
use steel girders to take only the tension, employing
shear connectors at the interface of steel and concrete
to provide composite action. Ona rough assessment it was
found to work out even cheaper than a conventional
Tee beam and slab structure, at the same time facilitating
the centering for the decking to be strutted from the lower
flanges of the girders. Thus an arrangement for carrying
out the exect tion urinterrupted by the flash floods during
summer storms and the sustained floods of the South-
West monsoon was made possible by the adoption of this
system of construction. There was also saving in use of

cement besides achieving an overall economy in construc-
tion cost,

+1. Forme: Executive Engineer, P.W.D., Vajparai Division, Valparai.

#2. Assistant Executive Engineer, P.W.D., Lower Nirar Tu

nmel Sub-division, Valparai,

DESIGN OF BRIDGE DECKING ARRANGEMENTS.

- u -
Data

“—“—‘ ————-—-ﬂ
’) .
Clear span . ,. 122 m —
Clear Roadway .. .. 3.60m. -
Live load . .. TIRCclass A loading,
- ! |
1. Design of slab :
i i ting on R.S.
dge shall be designed as a slab res - L
Jogl;}t;eirsligﬁgd as a composite section with shear connec
tors.
The load system is as shown in figure.
cat 2.t Dt 14t 6.9 g 6-FE bt Effective span :

i ings the effective
In the case of free supports on line bearings :
span shall be the distance between the centers of bearings.

ine bearings the
the case of a free support noton line 1
eﬂ%rétiv: span shall be 1+d or L whichever is smaller.

Where L =distance from to centre of supports.
1 =clear span.

d =Depth of beam.
(i) No -other live load will cover any part of the

arriage way when a train of vehicle is crossing the bridge. Using 500 mm depth of gir der,
c

effective span=12.2 = 0.05=12,7m
(i) In the slab the maximum bending moment occurs

when loads (C and D ) are in one panel. Therefore dispersion of the wheelload.

i bending moment occurs 127
In the beams the maximum ment ocours ) Coss
under the wheel C or D in the slab for a centrally p L :
load.
Bending moment along short span; (mx 4 0.15m,) W 1= 114 m.
Bending moment along lone span (mg/ + 0.15m:) W
: have the
Where Wils thcsteZlgg)l load and m; andm " aJMP
. aHr
following values - » :
where (u=W+2t.) ‘ 1———‘

v=B+2t where t is the thickness of wearing coat.

U/L UL m owm - a
| 9 1Haem a4 emt 1k em g 57
007 036 0173 0.110 k3l e
035 036 0.128 0.023 | 1
049 036 0106 0.1

Clear span of the bridge : 12.2m



Thickness of wearing coat=8 cm.

B--25m.

W =50cm.
V=2542X8~=41 cm,
U == 50--2X8 — 66cm.

Ground contract Area:

Vo4
B - ~0.0645
L 6.35x100
U 66
— —0.58
L 1.14x100

But smallest vaive for U/l =0.36.

Hence m' and m- corresponding to V/L==0.07 and u/1
=0.36

m = 0.173

m: = 0,11,

1. BM along short span—(m;, + 0.15m ) W
=(0.173+0.15x0.11) x 5.7 x 1000 kgm.

=108000 Kg. cm.

{(11) Tmpact
4.5 4.5
factor =0.623.
6-+1 6+1.14

But the impact factor is not to exceed 0.5

BM due to impact=108000 x 0.5=54000 kg. cm.
(iii) BM due to D.L. :—
Assume 20 cm thick slab :
D.L. of slab/m =20x 24-480Kg/m’

D.L. of wearing coat=8x 23=184 Kg/m".

Total Dead load 664kg/m®
664 x 1 14
Dead load B.M. -_S—WA =107.00 Kg. m.
=10700 kg. cm.

Altowing for continuity, the actual B.M. to be taken for
design=80 % of the max. free moment.

Total B.M. = 108000+ 54000+ 10700
=172700 kg. cm.
0.R of this =0.8 x 172700 =

=138160 kg. cm.

10

Using M-200 concrete mix t . i
will be adopted. crete mix the following working stress

C =70kg./cm.-

t =1400 kg em
2800 2800

Me——— = 3

3c. 3X 170

ne =0.394 d

a =0.087 d

Q =12

12X100d" =138160
d = 138160"12 X 100

oo d= | 138160

| 12X100
Providing 25 mm cover and using 12 mm 0 barg

depth of slab=20—2.5—(.¢— 16.9 cm

At 138 160
e e T =6.735 cm
1400 x 0.87 x 16.9
Sﬁczing 113 % 100
o) mm=-—______
rods 6.755 16.78 cm (or) 17.00cm c/c

Distribution steel =02 X live load moment +0.3 x

dead load moment.

=0.2 (108000 -+ 54000
3740043210 ) + 0.3x10700

~35610 kg. cm,

Using 8 mm ¥ bars =20—2.5—1.2—0-4

Effective depth =15.9 cm.
35610
At ———— =839
1400 x 0.87 x 15.9
Spacing of 8mm bars  0.5x 100 27cm or say 25
= = cmfcfe.

1.839,

Check for shear :

664x1.14
Dead load

=3784Kg.
shear. 8 =378.4ke.

Live load shear with impact 57 x 1000
effect, = — 7 x 1.5

42750 Kg,
Total shear < 4653.4 Kg.

11

eff. width from S.f. consideration=

b=27.6 Vs (B420(1—221
4
2. !20-1—(25+2x8) 1 221 )
V oo
=176 cm.
S 4653.4

x 176 = 1.8 kg/cm:

Shear stress= =
axb 0.8x16.9

Less than 7 kg/em®
Hence safe.
11. DESIGN OF GIRDER

Effective span =127 m.

lv

¢7 14 cm 14 em
e o R bt LI ATI
& B

toay

15 MB500 % 180

The load transferred to a _girder will be max. when
one row of wheels of one train is qxa:ctly on the glrde_r and
one row of wheels of a passing train is closest to the girder,

max. B.m. occurs under wheels C and D,

Since the span of the girder is 12.7m effective and since
the max. B-M. occurs near the centre of the girder, the

loads.

Wa Wb Wc Wd and We will be on the span
corresponding to max. B.m. condition.

Hence max B.m. will occur under wd. The load 'system
will r?ow be placed on the span such that the load W.
and the resultant are equidistant from the mid point of

the span.

0.66
Load on the girder A =W — ——+ W
1.14
=W(1—0.5789)
=04211' W
But axle load =2W

Therefore load on the girder A 0,211 W/2=0.2105 W

Wa woH
o568aF 0.5biat et Sig¢ 204 €

Wa = 02105 x 27 — 05684t
Wb = 02105 x 2.7 — 0.5684t
W = 02105 x 11.4 — 240t
wd = 02105 x 68 — 14314t
We = 02105 x 68 — 1.4314¢
Wit = 02105 x 6.8 — 14314t
Wg = 02105 x 68 — [.4314¢
Wh = 02105 x 6.8 — 1.4314t

Distance between we and resultant or the load system

24X 4.3) + 24X 5.5) + (0.564 X 8.7) + (0.56 x9.8)

0.5684 + 0.5684 + 2,40 + 2,40 + 1.4314
=4.618m.
Therefore Distance between Wd and resultant
=4.618—4.30=0.318

7.3682 X 6.509

VI= =3.7763 t.
127
Ve=3.5919 t
Oi5bialy O-5biMl- 204t 204t lodde &

l‘—o.3lp

!

v‘ . AN
* ﬁ.‘oro»lfv ] Va
i
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(i) Therefore absolute max. B.M.=(3.5919 x 6.191)—
(14314 X 4.3)

=22.2374—6.1550

Ye.=Distance of C.G. of concrete section from n. a. o
composite section.

—_— . e e e =

2%54 <M

=16-0824 tm. Ye.i3.54

=16-08240 kg. cm.

9

ii) Impact fagtor = ———-——— =033
(if) Imp 139 + 127

B.M. due to Tmpact=0.35 x 16088240-562884 kg. cm.

(iii) B.M. due to D.L.
D.L. due to slab =20/100 x [14/100 x2400=247.2 kg/m.

N.q.ZIA ’j<\ _g:,,:«,., Aaedb o
—_ |

<omf° sibe { ST

cashion
=35x 110.74
28612
=13.54 cm.

Yes.=Distance between n.a. of composite section and

C.G. of steel section.

D.L. due to self.
wt. 1ISMB 500 x 180 at 86.9 kg. m. = 86.9 kg/m.

543.9x 17.7%

Therefore B.M. due to dead load = : —_

=Yes—Yc.
=35—13.54=21.46 cm.

Yes.=M.L of equivalent section about n.a. of composite

section.

=1701000 kg. cm.
Total b.m. = 1608240 + 562884 + 1701000=3872124
Therefore %required=387212/1400=2765.80 cm?.
Let us try 1 SMB 500 x 180 at 86.9 kg./m. The girder

shall be designed as a composite section.

e ¢ —

¥

d0<¢m
4

L T
. 1SMB 800 X180
E::I_‘:

Area of steel (Joists) 1 10.74 cm?.

Area of concrete=114x 20 =-2280 cm?®,

M .1 of axis=section abolt ity « wi neutral
45218.3 cm®,

M.L of concrete section about its own neutral axis,

114 x 203
— ==75980 cm*.

IC=
12 .
—Distance between C.G. of concrete section and
C.é?sof steel section=25+ 10= 35 cm.
Area of equivalent steel section.

=As+1 Ac =11074 + 2280/13

m
- 11074 + 175.38=286.12 cn®,

=Is.+1 Ic + AsX YsX Yes.

m
=45218.3 + 75980/13 + 110.74 x 21.46 X 35.00=134239.7
cm®.
Check for bending stress consideration -
3872124 x 46.46

(1) Max. tensile stress in steel =
134239.7

= 1340.12 kg/cm/*.
(i) Max, comp stress in steel = 387214x 3,54 =102.11

kg/cm®
134239.7
(iii) Max. comp. stress in concrete
3872124
L/13 X ——— % 23.54
134239.7
=52.23 kg/cm?,
Hence safe
We Wl He v vy
..", 4o} m 3 ‘ Inees 1od
L 1207 m A”‘q

I1 Design of shear connectors :
(i) Shear due to live load,
=240 +(240x 11.5) + (1.4314x 7.2) + (1.4314 x 42) +
127 °
=2.40+ 3.66~6.06 t = 6060 kg,

(1.4314x 1.2

13

(ii) Shear due to impact =0.25x 6060 < 1515 kg. ms.—Static moment of the  transformed area of the

slab about the n.a. of the composite section,

(114 x 20)

2 ' -
Total shear— 12934 kg. = 13—*—— X 13.54 =2374.70

(iii) Dearload shear —843.9x 12.7 —5359 kg.

hz shear/cm at the junction of concrete slab and steel I=los=134239.7

near the support. 12934€ 23747
Theref =
Sh =Vms/I=where V= Max. square feet. at support = erefore Sh 134339.7 A
12934 kg. ~ 228:80 Kg./cm. '

In case of connection between in situ concrete and the i i
: ' pre-fabricated steel unit t i i
shear shf"tll t?e provided by mechanical shear connectors at the junction of the c(l)xzcrr::els;gﬁetod thhe horizontal
or the girder. The connectors shall be capable of resisting the shear force between the slab ar& }1 ¢ stecl beam
steel member and at the same time prevent vertical separation of the steel member at the inner fa:en e structural

Let us adopt bond or anchorage connectors consisting of mild steel ba

LCl nd or ) i Ided to tke flan fth ;
unit in the form of inclined bars with one end welded t : ¢ stoe] Lo ; "gc ol the pre-fabricated
suitably bent, o the flange of the steel unit at each loop ard the other end

1SM13 b‘oo'x 180

\\ﬁn~_ SHEAR CONNECTOR
% '“//_:*"3‘ ﬁ'__ y

1SS 500 x /80

—ri Ad
Lnos  BEWNT F WELOED

|

Shear Resistance of anchor connector Q—1x1400 x 2.54 3556 kg.

1

Spacing =3556 15.54 cm or 15 cin c/c

Q=K &st. At _
228.8

Where K =Coef = | =When the anchors with bend
length of not less than 40 Design of Web stiffness
times dia of bar including
rock in compression zone of Shear force  =12934 kg.

concrete are used.
Web area =50x1.02

¢ st = Permissible tensiles stress in steel. 12934
Therefore shear stress = ——— . _ 13069/51.0
At~ Cross sectional area of anckor bar. 5x10.

Using 16 mm bars, Q=1 x 1400 x 2.01 =2814 kg. =253.60 kg/cm®

Therefore spacing =2814/228.8 = 11.99 cm (or) 12 ¢ c/c = 945 kg/cm®

Hence no stiffness are necessary,

As per IS 39351966 pacing of anchorsshallnotbe  But however, ISA 50 mm x S50 mm4-6m
less than 0.7 times depth of slab or shall not be more than vided as web stiffness at supports for+i .2mnt1‘r?;lysbc pros
twice depth of slab.  Hence 18mm rods will be used. at 50 cm c/c. upport-
]

467A-1=13



Check for deflection :
W =Live load including impact

S 202105 11.4x 1.5 =3599.5 kg.
=(5.75Wx0.6x 6054 575wx5752%5.75

14

1 3 ‘:'

E1
|

— 5715 _qe1% |_b-'75 —

—_——— =4

'S o
r ~
v_"‘ ‘;
l
21997
El
—210.97 x 3599.5x 10° =2.69 cm

2. 1x 106x 134239.7

1/D=1270/2.69 = 472.11
Hence safe.

CHECK FOR CANTILEVER MOMENT.

I

bocm

30 m_ X

Bocm : l

"l

K ETAm

»

1. B.M. due to weight of parapet about xx
=0.15%x 0.6 X 2400 x 49.5-- = 10692 kg. cm.

2. B.M. due to weight of kerb =0.3.x0.3x2300x27.0
) ) _ =5589 kg. cm.

3. B.M. due to weight of slab =0.57 x 10/100 x 2400
) I X 28.5 kg. cm.

v e38907kg. e, T

4, BM, dus to weight of wearing=8/100,x 12/100x
B T

L= 1325 kg cm, v

5. B.M. duz to live load class A :—As the width of the

loading. max load of 114 tis
50 ¢m, the live load
will not come in the
cantilever  portion,
As such the wheel
load will be over the
girder.,for which con-
dition, the girder has
been designed.
Hence live load mo-
ment will be nil.

Hence total contilever moment =20254 kg. cm.
138160 kg. cm,

1.e., the design moment.
Results

(i) Thickness of slab
main reinforcement
distribution stee!}
concrete mix

=20 cm.
=12 mm bars at 17cm ¢/c
=8 mm at 25 cm ¢/c.

— M-200.

11 Girder—ISMB500 x 180 at 86.9 kg/m.

11l shear connectors —18 mm bars at 15 cm c¢/c ends
bent and welded length of
anchor being the bond length
(40 x d).

TV Web stiffness — 50 mm x 50 mms. of 6 mm thick
may be provided at supports for

1.20 m from supports at 50 cm
c/c.

Detuils of construction—

The foundations of the bridge were tackled during the
summer months when the flows in the river was meagre.
Ring bunds were form>d and with the help of shoring,
foundations were excavated upto calculated scour depth.
As an additional precaution. old 18 Ibs rails were driven
to depths of 3 ms. vertically to function as piles over
the rails a mat of rods were placed and foundation concrete
waslaid to functionasa R.C, raft. the masonry abutments
and pier were raised to the required level and a bed block
of reinforced concrete was provided on top.

Launching of Girders—

As the span was 12.2 ms. girders of size 500 mm X 180
mm. were fabricated to a length of 13 ms. with web stiffe-
ners and were placed on the bed blocks with the help ‘?f
tripods and pulleys. When once the girders were posi-
tioned the bottom flanges of the girders were used to
support cross wooden scantlings which in turn supported
the form work for the slab by shutting and wedging.
The shear connectors in the shape of bent rods were
then welded on fo the top of the flanges of the girders at
site and R.C. concrete for the road slab laid. Removal
of centering was not difficult as the lower most cross wooden
scantlings resting on the flanges. could be knocked out in
a slanting direction from the flanges. The form work above
was then easily: removed. ‘Thus thé erection and remova)

- of centering was done without referenc. to flow condi-.

tion of the stream below. - -

R

Economics as observed—

15

s a savings of nearly Rs.10,000 by the adoption of composite method of construction, over the conven-
tio’lr‘jglere‘_rwa;eams zmgd SIa.bmett}x,od. A comparative statement between the cost of conventioral type of decking

over T beams and the composite method of counstruction is given below as per the actual . field data.

3.660 m. wide Brdige—Span 12.20 ms.

Conventional type
Serial number and

of decking over T beams.

Composite methoa

as adopted.

description of work.

Oty. Rate. Amount Qty Rate amount
() 2 G) @ O (6) ™
I.R.C. C., 1:2:4:
usfng 20 mm metal
including center-
ing charges nnd
excluding cst of
M.S. rods bendin
and tying grills. -
a. T beam 22.1 m3 628.90/m3 13.899 L
b. Slab portion 23m’ 417.42/m® 9.517 24/m> 417.42 m® .
100} -
c. Kerb 122 m 307.92/m" 3.757 7.1/m? 307.92/m" v
2187
d. Hand posts & 1.4 m? 927.77/m* 1.299 1.4/m? 927.77/m} 1299
rails. X
e. Bed blocks 6.2 m? 278.27/m? 1.725 6.2/m* 278.27/m? 1725°
1L Sﬁpply of M.S. 11.5 M.T. 267.80/Q1 30.797 6.5/M.T. 267.80Q 117.4Qf
rods includinng
bending & tying
grills. MI 2100/
T11. Supply of R.S. Js. . . 9.0 MT. 18900
500 m.m. X . »
180 mm size.
Total cost \ 60,99,400 51,536.00?

i

Savings got by adopting composite method-Rs.9,458.00.

467A-1—32
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From experience it could be said that gaugings with float
method has some disadvantages. They are (1) Extra men
and amount is required for the work (2) inaccuracy in
(a) the deviation of floats from the lirie of run(b) difficulty
in viewing the floats during sun shine or during wavy
condition of flow (¢) affected by wind and eddies and other
practical difficulties.

Measurement by velocity rods—

The velocity rods are wooden rods or tin tubes about
1” or 27 in dia. and of length approximately equal to
the depth of water on the line of the rod run. The rods
are weighed to the extent that they float vertically sjth
about 17 projecting above the water surface, It may be
a square section also. The lower end of the rod should
reach down to 0-94d. of the depth of submergance cannot
be possible to give mean velocity, observed velocities
have to be converted into average velocities by using
co-cficients or correlations based on current meter

readings.

A large number of rods are required to suit the varying
depths of cross sections. The advantage of theseover
surface floats is that they give the approXimate mean
velocity and are not much affected by wind. They can
be used advantageously in artificial channels in which
uniform depth of flow could be obtaiqed. The following
relation between V mean and velocity (rod) can be

followed.
V mean=V rod (1.012 —0.116D—L

D

where D is depth of water in feet and L |
length of the rod in feet. nd L is submerged

Measurement of velocity by using current meter—

Gaugings with current meters are done by one of the

following methods deperding on the i
¢ 1 natu H i
of river, channel, etc., gaugeg. r¢ ard dimension

(a) By Wading—

Measurements are made by wading wherever
and velocity of the river or streamgpermit thethr;e(:;]k))tel;
who is measuring discharge to reach all the measurin
points ard to hold the current meter in position ) T}a%
is to say it can be used for shallow streams with low vel
city not exceeding about 2’ 0”/sec. or 0.6 m/sec. the i
mum depth being 2’ or 21 (0.6 to 0.76 m,) o maxi-

To mark the points of observation i
may b'e stretched between two iron rozisatgfu}lx]'hfc ape
at their ends in case of small streams or cha Me] s
shallqw depths._ For lengths eXceeding 20’ angeshOf
the wind velocity is more it is better 1o use c‘n: b wden
wire duly marked, earlier before it i st‘retzlhd :al S
the stream. The marking can be for 4’ o len .t};.crqss
any paint using special marks every 20° 0™ %:or“;ltti?l

greater lengths a galvanized tele A .
fence wire may be used. phore wire or twisted

While taking measurement the observer should stard

below the guage line and to one sj
. ie side of i
that he may not disturb its actjon. the meter in order

Another practical method of avoiding obstruction that
is followed is to have the wading rod with the meter verti-
cally tied 10 an horizontal pole 5to 6’ long which is held
by two m=n one at cither end and standing apart in such
a way that the meter is not influenced. .

(b) Measurements from Bridges—

Occasionally bridges may be found located as regards
stream gauging. Before starting the gauging work all
measuring points are marked with paint on the rail or
the string piece of the bridge. The initial point should
be carefully referred to any permanent object and its
description noted in the record. The meter is suspended
by a rigid rod or thin wire cable. Masonry bridges with
piers are generally unsuitable for gauging on account of
cross curreuts and eddies which are invariably formed,
A light temporary bridge of casurina, bamboos, rails
with a few intermediate supports as possible may be
constructed at a very small cost in many cases. Both
velocity and sounding points are painted as referred
above or rails on the longitudinal stringers tied on the
decking.

Current mzters used for measuring velocity are suspen-
ded either by the rod or by a thin wire cable (1/8”") 1In
case they are cable suspznded a small hand winch mounted
on a wooden platform with a pulley at one end is used
to enable easy raising or lowering of the mster. 1If rigid
rod is used, suitable clamping arrangement at platform
fevel is to be made. The observations are made invariably

‘on the upstream side of the bridge. An auxiliary cable

with a stay line is used in case of high velocities, to ensure
verticality of the suspension rod. In case it is found that
intermediate piers are causing obstruction, the upstream
platform of the bridge is cantilivered and the section
fixed so as to free from the influence of the posts.

The observation of velocity by a bridge construction
is an ideal arrangement and however has several factors
which prectude its adoption.
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It has the advantages such as savings in initial cost,of
erecting a cause way or purchase of boat etc., accessibility
tall tin: dfyzi-axd flow bzingin a confined sectjon,

(c) From a cradle—

Where it is not permissible or practicable to_ have. a
temporary bridge across the channel, observations are
conducted from a cradle or car suspended from an over
head cable, stretched acress the channel over suitable
supporter or trestles.

Cables afford ready means of gauging streams
1000’ 0 and more in width. The advfntagc in uusln)rgg
this lies in the fact that the station may be placed at the
most favourable location independantly of existing
structures. Generally one end of the cable is anchored
securely while the other end is wound round a drum of
5or 10 ton winch toenable thecable and withitthe
cradle being raised or lowered as required. The meter is
usspended by means of the meter cable which is thick
nsough to afford a comfortable grip and not cut the hands
In swift water a head line is used to hold the meter i;{
a vertical position, the head line being made of No. 10
galvanized iron wire long enough to reach from the 'top
of meter hanger to which one end is attached to a rope
above the surface. The rope is carried to pulleys on a
stay line some distance upstream and back to the car.

The member taking measurement adjusts the stay line
as required.

Over the cable is run a cradle which carries the observer
the meter, the Electric cells and the sounding rod tele:
phones, etc.,, The cradle can accommodate? pe’rsons
Before the cable is stretched and the equipments are ot
ﬁx(eidt,ha sit% 1sulr‘vey and crocsis section is taken at the pla%:e,
and the cable line is range i
and the cable ged out to be normal to the axis
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GAUGINGS
IN STREAMS,
CHANNELS

AND RIVERS

BY
Er. M. A. VARADARAIJAN, B.E*

1. Introduction—

Assessment of probable discharge in any
different stages of flow can be done only by gaugings
The availability of water and proper distribution c%.n %)e
properly judged by gaugings only. One of the main
function of an Irrigation Engineer is how best to utiljs
the available water economically and to the maximung
advantage. Gauges have been observed daily or -eften
at masonry structures across  rivers or channels. B
this indirect method discharges are estimated from gﬁu Z
dischar  curves. Such gauge data has enabled irrgi-
gation Engincers to have approXimate estimation of the
maximum river discharges using area velocity method
wherein velocity is arrived by means of surface slo c,
Mannings formulae, etc. pe;

river during

During cultivation season an Trrigation Fngineer will
be confronted with the problems of the correct discharges
that has to be sent through different branches of channe]
at different times of & year either through a sluice or re-
gulator etc. This discharge is calculated by the Vent
area and head of discharge adopting suitable "o-cfficient
of discharge. This system is only approximate and is
found that actual realisation is in variation with the calcu
lated, the formulae used being purely empherical.
A more accurate method would be necessary for achijev -
ment of better results.

For this purpose different methods of gauging the flows
are resorted to.

2. Selection of site—

eXES:{ar.]l;]tl'Shmg a gauging station must be done with carcful
Salom ion, With the help of tapographic maps
e n.may be be.tter made. Sites which may ten-
o by appear suitable from a study of the map may
condit'e inspected  to ascertain whether it satisfies the
cone vlvo?shnot‘ed below._]t is also essential that the Engi-
peer atches the behaviour of the river during monsoon
en dec1de§ on final  selection. The correct mea-
surement of discharge (whatever metkod is adopted)
re%%uilerses 4 section with an even steady flow, free from
b a.agd tc):ross currents, To e¢rsure this the river
by ir? s ed should be reasonably straight and stable
e, étlial?t)meam and downstream of the selected
(t)).eS kgjn. whichever is less.  The bed slopes should not
Subject to sudden changes and also should not have

reverse slope (slope agaj é
fover oo e pe against currents) ard should be free

inTsttcg? also be 10 to 20 times the width of the channel
sect'a e regime  and uniform cross section and ponded
e i(ons should be avoided. Proximity of masonry
A rks _suqh as slu1ces', regulators, bridges o1 d drops, etc.
gaﬁiyl::lgtl:sturba]r{celén the flow should be avoided.  The
ations should be in a positicn as :
' M as 1o have free
access at all seasons of the year, * '
| . year. ‘There is ro necessit
for measuring the discharge at the same fection where thz
g:#gt;lsdqreited unless the same is also a best site for mea-
ing discharge. The place of measyrir i
. ¢ asurirg discharge
]c'an.tbe even be miles away from gauge site but the on%y
imit on the distance apart between (he measurirg site

cm— R . ]
+ Executive Engineer, P.W.D., Gauging Division, Madras.

4 times the normal width of a river or
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and site of gauge is that the former must be sitpated such
that no inflow or outflow occurs between the places. In

such a case a temporary gauge may be fixed near the mea-

suring place and both gauges read at short interval. The

character of the stream bed, whether of sand, gravel,

boulders or rock and whether it is shifting, regime or

changing has to be checked.” The relative position

of reservoir, inléts considering the effect of these on gavge
results may be noted. Available required structures

from which measurements are to be made can also be a

factor. Selection of a = gauging  station, should not-
however be undaly “influenced by the existing bridges or
other conveniert structures for supporting the gauge or
from which measurements are made. The introduc-
tion of automatic: recorders will be successful at isolated
places. ‘ '

When a gauge station is located at the downstream
point of a confluence of a tributory or drainage-to the .
main river course the place should be a Kilometrg length
b=low or distance equal to 3 times the width of the main
river whichever is smaller.

The siteselected should not be exposed to wind unduly.
1t is preferable that the river upstream and downstream
be clearly visible from the gaugs site selected for a dis-.
tance of about half a mile or 4 times the width of river
whichever is less.

.
W

The approach to the site selected should not as far as
possible be through any private land or road, etc. Availa-
bility of easy and cheap facilities for transport. of construc-
tion materials, equipment and personnel should not be
lost sight of in choosing a gauge site.

-

3. Measurement of velocity—

Of the various methods used for the correct measure-
ment of discharges, the velocity area method, involving
measurement of velocity and depths at various number
of points in across section is the one commonly used in
measuring the discharge.

4. Velocity Area Method—

Tn this mzthod, the vzlocity of water is measured directly
by noting the time taken by a float or rod or drum
or any object over a measured length or by the current
meter or by measuring the slope and calculating discharge
by the empherical slope formulae.

Measurement of velocity is done directly by noting the
time taken for (1) the passage of a float (2) rod over a
measured run (3) indirectly by noting the rate of revolu-
tion of the wheel of a current meter or by slope measure-
ment. Measurement of velocity by float even though
is easy, the results are not as accurate as with current
meter. But occasions may arise whenit may be impossi-
ble to observe velocity by a current meter when the velo-
cities are too high and beyond the range of current meter.

5. Measurement by float—

A length of about 100:0”" (for small canals) and 200 to
500°0” (in rivers) in which section the flow is uniform may
be selected and the same area divided into two length
by transverse dividing line 1, 1T and 11T set out at right
angles to, the direction of flow by poles erected on the
margin of the stream.  The figat method can be adopted
when there is not much of wind and current velocity is
not less than t/4 feet/second.: 1In any case the minimum
distance bstween two reaches should be such that the time
taken for a float to transverse from 1 reach to II reach
is not less than'20 seconds. About 50° 0" ‘above the up-
s{ream line 1, a chord ** AA " tagged-or otherwise marked
at suitable known intervals:is stretched across the stream.
Corresponding points in 1, 11 and TIT reaches are-also

., marked by 'means of flags.erected on either banks. ;| Floats

witl be releesed at successjve point “AA” from, a bpat (The
releesing of floats from 50” point is bnly to" s¢e that the
floats attain the velocity of flow: of 'water ‘whén they
cross the T reach, etc. The time taken by these floats to
pass in succession line at I, 11 atd ¥ will'be recorded
by an abserver stationed at the masgin for the purpose
and provided with stop watch. Several floats (generally
not less than.3) are let down successively from each point
and the time for each run recorded. When the float
does not fairly run and truly down the section through
oiif the rin as indicated 'by the fioat passing with marked
dzviation from the corresponding points in the sections 1
11 and. 111 or where the time of any run greatly differs
from others the observation is discarded and an additional
one s released. To facilitate correct observatiozx, three
persons may be stationed along the three cross jsections
line to give signals by means of flags or whistles when
the float crosses the respective cross sectional reaches
Time taken between passing of the float in two reaches
is noted by a stop watch and to be read correct to 1/5 of
a second. 1In using the float the time of passage over
a measured course consists in the direct observation of
the average velocity of that thread or filament of water
in which the float has travelled over the course and as
such accuracy depends on the uniformity of = velocity
through out the length of run as well as on the sufficiency
of the run. In small channels the floats can be released
by men wading in water and for rivers when there is
more depth of water the floats are released by boat, or
bridge or by a cable way. The spacing of the p(;ints
from which floats are released depends on the facilities

available at site and time available ard width of chanrel
il :

Surface floats can be wooden disc. 3’ to 12” dia,
bottles, partly filled with water, sealed kerocilcsr-eC<zlrr]<‘le1¢]-l1 .
cocoanut, palmyrah, fruits, oranges and lime. Tt is pre-
ferable to use weighted floats greater part of which is
submerged in water since it should rot be affected b
wind. For bigger depths for streams in flood, a kerosen}e'
drum properly weighed and sealed and provided with a
coloured flag on top may be better. Different coloured
flag may be used to avoid confusion. The specifications
for surface floats can correspord to the 1.S. 391 1——]966

Velocities are abserved at various points, and obcerved
surface velocities js reduced to mean velocity in the v;:rtical
by a reduction co-efficient from 0.80 to 0.90. The areas
used in these float measurements are the effective areas
of the sections of the river over which the runs are made
and are determined by averaging the areas of the C.§
of the stream measured at the three sections, o

A

“



20

The measuring points are generally irdicatcd by peint
marks on the second (auxiliary) cable 1/8” dia. stretched
right across the stream so as to eliminate due to sag of
cable. To ensure verticality of the rod stay lire with stey
line arrangements is adopted. 1t the span is more, the
observation points  are fixed acd  aligrmernt
pegs is made in the form of rays radiating from an apex
point. These pegs are fixed permarently on the grourd
(banks) with reference to the angles formed by the rays
to a baseline by means of a Theodolite,

(d) From Boats—

This method is adopted only in cases where all tle
above methods are not possible or convenient. Boat
measurements are occasionally used. The boat used for
this work should be especially equipped so that all influerce
of the boat on the current measured is eliminated. The
movement of the boat from point to point along the section
is ensured by one or a set of two compound pulleys running
on a wire cable stretched across the channel upstream
of the gauging site. Two Manilla Ropes tied to the beams
supporting the platform on the boat are passed through
the lower pulley showing the arrangement. During
observations special care is teken to keep the boat steady
and in proper position with reference to the gauging
section by means of stay wires and Bamboo poles, etc.
The wire cable suspension of the current meter is the one
commonly used being most suitable, meter being suspended
from a cantiliver arms at a sufficient distarce from the boat
to avoid the velocity to be measured, being affected by
the afflux and disturbances near the boat.Current meter,
gauging section is usuallv located at about 25 to 50
below the cableline and is defined by fixing posts suitably
painted on either bank. The exact positions on the
observation points on the current meter gauging lines
are fixed either by having them marked on auxiliary
cable or by the alignment pegs described in the previous
para.

Whenever current meter immersed does not remain
steady then velocity observed will not be accurate sirce
the current meter will record the velocity relative to 'tl".e
moving boat. Tt will be less than the actual velecity.
As reported in previous para when the boat drifts the dr}ft
velocity have to be found ard added to the velocity
recorded by the current meter to get correct velocity.
As per the numerous datas collected the following formula
will have to be used.

Vp—0.2140.98 Vb+0.98 Vd.
where Vp=True velocity
vd = Drift vzlocity

Vb =Velocity at observation point with the
boat when drifting and

drift i ft,

Vd = Drift velocity

———

12D sec. (i.e. period of
Observation)

-General appliction of this equation needs to be tested,

~ Duiift velocity may be observed by (1) Flag method
{2) by Box S:xtent or Marine Sextent (3) by T%leodolite.

 Discharge estimation on account of boat obstruction
is li‘kely to bz incorrect unless precautions are taken (o
avoid this. For this purpose meter should be from the
bow of a flat bottomed boat usirg an exterded boom
facing upstream.

Determination of verticulsme

. The quantity of water flowing in a strer m ir 2 section
is worked out by totalling the componer.ts of the dis
obtained by sub dividing the cross sectio
ments by verticals. In order to deter
accurately the verticals are spaced sufficiently closely
Number of observations ard their disterces upvrtLaré
dependent on the practical consideraticrs of tlc cor fi-
guration of the channeland the time aveite ble for .ga‘ugixl \
Number of observation points mzy be o fixed o that tl;:c;

h le Ob er V(’.[]()“ can bC con p €1C( p ()Ut
wWno S 1 l 1 i mna Cri 'd <
< ¢ 0’ (¢ b

_ lerges
L& inlo compart-
mire the areas

The velocity is more in the certr
8 . e of the stream than
near the banks and herce observation points are to be
c]qscr at centre area. Tle follewirg is 11¢ fuice bire for
fixing observation points. '

Small channels up to 20’ bed width— 2, to 40>

Small channels  of 20’ to 50 bed width—4’to 8. ¢

Small channels over 50’ 0" ped width —8 to 15’ 07,

The observation point stould be marked with refere ce
lo any permanent guide mark on tke bark. Wkep otrer-
vation pomts are marked on cable, tte disterce should
be checked with a steel tape occasiorelly ¢s {le ;fl*lc
may stretch or sag and the tags slip. o

If observations made by wading or by boats with a flcxi-
ble cable for marking off the obser ation roirts. cere

ls.hould be taken to see that the cable s rot pulled off the
ine.

Method of marking varies with tte metl is-
chayrg?, observations. 1If the width of the strea(;g i(;fug]!})
500’ 0 steel wire rope can be stretched using a wirch if
necessary. .(.‘Ol‘recnon is applied to a ccourt for llc: 2
Formula giving the correct span S in terms fo - t gl
length of the line L and Sag Lo

DL—S(1+8D2) SagDin

the line can be obtained from the relation

SXWS

D= —

8H

where W is the weight of tre

line in o |
and H is the Horizontal trs ine in pourds/foot lergil.

ton in pourds,
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For longer lengths a cable line erected on towers at either end is used on which a cradle is mounted and moved
to the desired vertical. The method of marking observation points is detailed below.

|
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From point A a line AP at right angle is laid. This
should generally be of about 1000°0” or up to half of the
width of river. From Point D on AP, a line DD1 is drawn
parallel to cross section. The ratio PD to PA is generally
1:5 on the line DD1 points are marked at fixed intervals
depending on the distance between verticals, For exam-
ple for observation point 100 ft apart points E1 E2 have
to be ‘fixed 20’0 apart so that the radial rays from P
passing through these points will intersect the cross section
at B1, B2, B3, etc., each 100°0”" apart. During gauging
operation the boat can now come to a point on A Al
and anchored at Bl, B2 etc., when it corresponds to point
El, E2, etc., in line with P. Concrete or masonry blocks
with pipes fixed at centre so as to insert flag during obser-
vation days will be enough, upto half the width of the river
the blocks can be conveniently constructed on one bank
and for the other half the blocks can be put up on the other
bank.

Current meter is used to obtain the velocity at different
points on the transverse section of a stream.and thus
divide up the section of flow into a number of compart-
ments, the discharge of each of which is separately cal
culated. While measuring velocity the current meter is
immersed in water to the calculated depth and allowed to
attain full velocity and able to hear undisturbed conti-
nuous sounds of the bucket wheels of current meter.
If the velocity is of the order of one ft/sec. it may take
even a minute to attain the above stage. As a general
rule velocity observations with current meter at each
vertical are generally made by the point method the meter
being successively immersed to 0.2 d and 0.8 d of depth
of water at each point. If the depth at the observation
point is less than 2} feet and exceeds 1}’ the velocity need

467A/1—4

ot point layout

be measured at one point viz., 0.6 d. If the depth of water
is less than 1 1/4 the current meter is immersed only to
0.5d and at no time the current meter should be kept
closer to 6 from bed. In cases where great accuracy
is not required and a saving of time for gauging is necessary
on canals and distributaries not greater than 6” in depth,
the one point method can be adopted. In cases where
the flow is not ideal the necessity for the application of
a co-efficient to derive the correct mean velocity of the
vertical from these observed point velocities have to be
examined by vertical observation and correction co-efficient
if any determined and applied. The meter reading is
made for 150 seconds or the time for 150 revolution is
measured whichever is less. The two methods viz., to
note timings for specific number of revolutions and to
note revolutions during specific time can be adopted. But
as counting of fraction point a revolution is not possible
the former method is only adopted. Time is generally
read correct to 1/5th of a second using reliable stop watch.

Under current meters though there are different types
of current meter like Fteley—Stearm, Harkell and Hoft
of the propeller type, price meters like Gurley. Watts.
of the cup type are used and are more convenient to use .
on account of its simplicity in construction ard design.
Both types take low friction factor generally negligible for
velocities higher than 0.5 ft. per second.

(i) Vertical Axis cup type meter—
Cup type meters are known as price meters. The

important ones are Watts and Garley. This is versatile ins-
trument and combine accuracy with ruggedress.

N
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(ii) Horizontal axis screw of Propeller type current i.e.with tail vanes exactly in the line of flow. To facilitate

meter -— t.hxs‘ a pointer should be fixed to the top of the rigid rod to
indicate the exact direction of the said axis when the cur-

. rent meter is immersed in water. 1f observations are made
These current meters are very much suited for measure- from a cradle a stay line will be necessary for velocities

" ment in clear water within th¢ range stipulated by the over 20”/sec. to keep the rod steady and vertical. The
makers. Some of these are very well suited for measuring  stay line (cotton rope of 1/2 dia) should be tied .to the
Jow velocities but highly sensitive. These are not com- rod of about 3’0" above the meter and passed through a
monly used. when current meter is used one or the other running pulley on the stay line cable stretched across the
of the standard suspension (Ricid rod orcable suspension  charnel 30° or 50° up stream of the gauging site. The

Meters like Fteley, Ellis, Gettner, Hoft, Ottetc.,area few.

OF WADING ROD SCREWED iNTG A
2 STEAM PIFE

METER FIXED TO A 156  LENGTH

with weight) for which the meter is rated iS used. If the rope may be tightened sufficiently and tied to a hook fixed
rigid rod is . used, care should be taken to see that the i the side of the cradle. 467A/1—4a

meter is held with its axis normal to the gauging section,

.
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Wet line correction—

The wetline correction is = DE—DF and is on account
of curvature of the cable caused by flow of water. The
e flow somstimes may not be perpendicular to the section
B DipoInTER line. Horizontal angle between these two introduces
opiﬂ‘?&izfiumw an error in the observed apgle« .Th.lS is because ‘the

mzasured vertical angle, is the projection of the actual
angle X as shown in sketch. 1f the horizontal angle

between the direction normal to the measuring section Zeroofgauge................
tan < e Started............

STAY LIN E w cAB LE]

and the flow direction is H® fromtan X=——-—-——
Cos H

The angle of deflection of the current from the normal Completed..............
isrmeasured with deflect meter. The angle which the current
makes withthe section is read off directly on the graduated

dial with the help of the pointer, which is rigidly * Water level............. "
s attached to the tail vane below the movement of which . :
is regulated by the direction of current. For systematic Cross section No.
record of depth observation the following form can be Measuring Angle  Reduced Depth, Average Area
used. point. or dis- depth.  of
dis- tance, sec~
NORMAL Yo secTion tance. o
Name of observer.......... Designation.......... .. ..
Signature.................. Date..................

Corrqction factor is to be subtracted from the observed
velocity when the current is at an angle to gauge line,
With the angle observed either with sextant or any other
means.

Readings of the gauge or gauges to be calibrated and
of the site gauge, should be observed at the commence-
ment and close of each gauging. When the gauge reading
is likely to alter appreciably during a gauging readings
the gauge should be observed at intervals of say 15 minutes
during the gauging and the gauge reading at the time of
each velocity observation then reduced by interpolation
The rear gauge reading for the gauging will be the average
of gauge readings for the various compartments.

METER FIXED 70 &
3" STEAM PiPE

and this is at the outset so fixed as to be parallel 1o the

] | axis of the meter. The meter so immersed that this
pomter will be normal to the cross section.

The observation should be systematically entered jn
the form noted below and the gaugings numbered serially,

METER SLUNG EROM A

37 STEAM Pee J APEX QF VERTICAL ANGLE
_ OF SOUNDING LINE

All the particulars of condition which may affect the
flow in the channel, such as varying conditions of draw
off, drainage inflow etc., should be recorded. Any
1108 draw off or inflow in the reach between the gauging site
\t‘C_ - and the calibration gauge should be determined, The
- strength and direction of wind with reference to the direc-
tion of flow should be noted in the field book. When
the gaugings are being conducted to determine the coeffi- -
cient of discharge at sluices, weirs or drops all necessar
levels, vent openings etc., at such works should bZ
recorded for each gauging.

¥

When the meter is suspended by a cable 1/8'" wire cable
with one fish weight of 30 Ibs. or 2 fish weights of 17 lbs. VERTICAL ANGLE
each below the meter: is generally used. Ordinarily in
channels where velocity is 21" maximum only, the drag CRIR LINE CORRECTION
of the cable with meter and weight is found to be within D WATEQ SuRFaCe
very low and permissible limits, and no correction is
necessary. If higher velocities are involved addi-
tional or heavier weight of 60 Ibs. are used. Generally
sections are chosen so that the flow is axial or normal
to the cross section. But where the flow is found to

sLOV ,’.‘

DE-DF-WET-LINE
A

Currént meter gaugi No........
. CORRECTION 2 gauging No .dated........ at..
\

be oblique, the angle of obliquity of the current (flow .. . .
to the normal is measured by using a deflecto meter. ) -—c_.::’" eny Meter No...... f°ra;ﬁg'§a;‘?ﬂn2“8p cnsion With flat bar
.. EL )
When the direction of flow of water at an observation kvATION Case...... site gauge at start...... weather. . .
point is not normal to the cross section but is inclined RIVER BED ¢ NOYE |— NN
away from it, a correction has to bg applied. Thisis done Stop watch........ calibration gauge Timeat....,,..
by measuring the ar}g}e of deﬂect}on of the current from T""*___ AD  pp chB at start, . close.
e e i B i i oy Rt e rom e cosH” ne ¥ s Wi ottt o i gauge
en : : ) o re th
ensure that the meter is held in the line of the current, CD ; L 9o te corenr, Tan AD _TANWL _ or penta .Counters atclose. . ..., ..
gpointer may be attached to the top of the pipe or rod COTrc::st iélr:e air X_ne correction and DE—DF=wet line AN X = CO8H Time at start,..... observers i, Calibration. . ,
. ir : : ¥
(1—Cos.—1)AB. correction CD =(AD—AB)+4 . L. Gatige at close

Brverin verncal angle duc to hozonsel angle

- e o o e
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Effect of wind—

Current meter observations are affected on account
of wind. Considerable variations in velocities may result
on account of wind waves especially near the surface.
Wind incident on water surface generates oscillatery
wave and induces velocity of oscillation and also net
forward velocity. This depends on strength of the wind
and on the fetch of water surface. 1If the direction of wind
is same as that of flow of water wind waves are flattened,
their heights reduced and error in the current meter obser-
vation minimised. If the direction of wind is otherwise,
wind waves are started and their heights augmented and
error is increased. There will be reduction in velocity
the tolerance limit is about 3 per cent. The graph below
indicates the maximum permissible wind velocity in knots
to restrict errot to 1 per cent and 3 per cent.

It might be said from investigation carried out that
the temperature has practically no effect on current
meter rating over the range of velocities tested and pre-
sumably even for higher velocities than 2.61 ft.sec.

Measurement of Discharge by current meter is the best
method at present which can be used for gauging streams.
Slight difference in rating of a meter, small fluctuations
in discharge turbulance of flow, wind effect, restricting
the number of observation points, personal errors, in
taking depth and velocity measurements are some of the
items witch creates errors in current meter observations.
Even under ideal conditions maximum accuracy under
field conditions in a lined canal cannot be expected to
exceed 98 per cent. For natural stream on account of so
many factors the accuracy may be about 95 per cent or
even less.

Different methods of computing discharges—

The discharge measurements are computed from
the following datas (1) soundings at known intervals
across the channel, (2) the velocity is observed by means
of current meter at one point or two point method and
mean velocity calculated, (3) the distance between observa-
tion points.
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(i) Soundings—

Soundings to determine areas and to ¢ i

S ’ areas ¢ 0 compulte discharge
is taken with a oval shaped rod (wooden)por 1/2 1o 3/4%”
dia. pipe with a base plate attached to have a flat bottom
in order to prevent the pipe sinking into bed.

is to be held vertical while taking soundings. The rod
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“has to be used.

Soundings are to be taken at close intervals in orc}er
ot arrive at the cross sectional area to a more precise
extent and edges of berms, etc., should be noted carefully
and distance from water edges noted for each gauging.

Soundings are to be taken afresh for each gaugings. In
cases where the regime of a channel is not likely to change
on account of hard bed or rocky bed, it is enough if stan-
dard cross sections are taken with the help of levels and
soundings.

Measurement of depth and velocity by current meter
are made successively. Two observations for depth
measurements are to be taken at each vertical and mean
of the two values used for computing area.  1f the diffe-
rence in the two valuss are more than 5 per cent a third
readings should be taken and mean of three values taken.

The rod is generally of 10'0” (3.05m) in length with
a metal base plate as reported earlier. The obser-
vation of depths is likely to be affected if the observer
stands in line with the rod as the flow is naturally disturbed.
1n such cases it is necessary that the observer stands 1’ to 3’
downstream ¢f gauging line and minimum distance of
I’ 6 to one side. Plumb bob can also be attached to
the rod to see that when rod is immersed in water it is
truly vertical.

Aun aczurate and rapid m:thod of m:asuring and re-
cording depths is by Echo Sounder. This may obviate
the defects such as (1) deflection of the line due to current,
(2) tuty verticality, (3) sinking of base plate in the bad
without the observer noticing if.

The equipm2nt of an echo sounder can be installed in
a boat (small launch). The only point to be borne
in mind is that the maximum efficiency in echo sounding
depznds on having free flow water bzneath the equip-
meant that is absence of air, since air bubbles will form a
sound block.

The field work portion of conducting gauging operations,
across a stream consists of in measurement of depth and
velocities at several points transversely across a stream
by combining which the total discharge across the section
is computed. Number of observation points aqd their
spacing across the river are dependant on the width of
river, unevenness of the bed and velocity distribution,
so as to correctly allow for the variations in the confi-
guration of bed and the volocities. They are spaced
closer near the banks where there is sudden reduction
in depth and velocity. The spacing of observation points
may be kept from 40° to 60’ at centre with a spacing of
20 to 30’ near banks. Though velocities are observed
at 40’ to 60 points soundings are taken every 10°0”. veloci-
ties observed also should be at points midway between
regular observation points (O.Ps.) on alternative days.

For préater depths than 6 to 8! especially at high stages,
weight and line consisting of a 1/8” or 1/4” wire cable
with a weigiti ranging from 50 100 lbs- i1¢d to one end
Stay line has necessarily to be used
on - sueh-oecasions- to hold the weight of cable in vertical
position and prevent it from being dragged down by
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current. For deeper depths 13’ to 15’ 0 especially
on windy days a ladder rod sounding apparatus (a broad-
frame intended to withstand the deflecting section of
water) is used. The ladder is founded on two pipes
and one thin iron flat bar. The flat bar is in front placed

edgewise to the flow of water to obviate afflux and joined

1 1/4 at intervals to the two pipes placed in rear. The

18’0 sounding ladder is lowered and raised by a winch

with a system of pulleys. These things can be used satis-

factorily upto 18’ 0 only. For greater depths than

this weight and line arrangement will have to be used and

if velocities are high and depth great the same will be

dragged so that the measured depth will be more than the

correct depth and require correction if there is conside-

rable deflection, The deflection is reduced by increas-~

ing the weights used.

In making a measurement of discharge, the depth is -
measured first at each observation point to enable depth of
immersion of current meter. The following may be
taken as a rough guide in fixing the observation points
in the bed portion of the channel.—

Distance Soundings for
between areas.
observation
points.
1 2
Small channels upto 20° 2 to 4 00” | Atallobser-
width. ll vation

Channels 20’ to 50° 4 to 807 } points
Channels over 50° 0v 8 to 1550 )
Large streams 20 to 6007  S'to 20°

The observation point should be located with refe-
rence to an initial point permanently marked on bank.
An end point on the other bank at a known distance
from the initial point will be useful as a check. If the
observations are made from temporary bridge, the sound-
ing vpoints and observation points can be marked on
it with nails and paint. Otherwise a 1/8” dia. or 1/4” dja.
flexible wire cable should be stretched tightly across and
observation and sounding points marked on it by paint
and tags. The distance marked on the cable should
be checked with a steel tape occasionally as the cable may
sag or stretch and the tags slip.

The total discharge is worked out by totalling all the
partial ~ discharges calculated in each compartment
divided by the verticals. The formula adopted for
computing the discharge is based on assumption that the
bed of the stream and horizontal velocity are made up
of straight lines or of Parabola or between two successive
verticals, the former called the rectilinear and the other
curvilincar method. In the former method partial
discharges for any compartment is calculated on the basis
that the average depth for the compartment js the average
of the depths observed at the two end verticals formin
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the boundary and average mean velocity is the average
mean velocities observed at the two verticals.  Thus if
V, and V are mean velocities at the two end verticals
spaced 1’0" and d, and d: are the depths, then Q, the
partial discharge is worked out as Q=(V,+V2) (d,+d )l

2 2

In cases where the verticals are evenly

spaced the calculations are also some 1imes based on Q,=
(V,F2V +V3) (d,+2d +dy)

The prismoidal formula can be used for giving greater
weightage to depth and velocities observed at the middle
of observation point.

(V1 +4V.+Vs) (d,+4d,+ds)
=L
Q p -

where V,, V and Vsetc., and dl, d» and ds etc., have
the same conversion. It is found from experience that
the simple formula based on trapezoidal rules gives result
that area as accurate as the data collected and warrant
flow and depths, the difference in (he results as worked out
will not matter whatever method is used and hence
the simple formula is used in every day practice in pre-
ference to others.

Curviliner formula are justified only when bed or
streams and horizontz] velocity curves zre continuai]y
concave to the axis of the reference and is seldem used.

7

These measured velocities when  plotted with
depth as ordinate and velocities as abscissy
as defined for each vertical, the vertical velocity
curve which shows the velocity st every points in
vertical and from which the mean velocity cen be deter-
mined by dividing the area tounded by the curve. the to
and bottom ordinates, and the axisof depth byihe tot:}
depth. The area may be culcujeed by plérincier.

Studies of vertici] velocity curves taken
stteam  under various conditions of deptls,
and roughness of bed, show that these vertical
curves have approximately the form of a para
which the axis coinciding with the maximum
1S parall  to the surface and is in general situated
the .surfaCttzl and1 1/3 of depth of water.
maximum, the velocity decreases gradually upws
surface and downward nearly to the bf)ttc}))nv:“svhlc?réhﬁ
charges more rapidly on account of the friction on the
bed. As the depth and velocity increase, the curve
approaches a vertical line as its limiting position.

on miny
velocity,
velocity
bola in
velocity
between
From the

A sample form for disc}

: wrge computation j ted
below. (vide separate putation is no

statement attached.)

Other particulars.

Current meter gauging No.... .. ) R 19
Dated................. ...
Time at start........ . . . at finish seee®®

Station gauge readings.

Gange at. Site. W‘)/L
R.L.:f :;:)-——__.——_ . ..
: ' 96

at 7.30 A.M. Example 238 2'00

at 9.50 A M.

Average :
Arithmetic mean

Change per hour

Meter No ..
Method of suspension
State of cone ..
Revolutions counted by
Rating equaiion of meter u

5.98 5.98
5.99 5.99
0.017 0.017

————

Mono or Peats counter.
Rigid rod wi.h flat bar.
Medium. .

sad—V =2.18 R +0.065 up 1o
R =0.61 + V=2.27R 40.010
above R=0.61

condition Good.
Weather—Cloudy, etc.

Abstruct (Example).

stop watch No.
Wind—strong, ctc.

Area—849 s.ft.
Discharge—276 cusecs.
Mean velocity—3.25 [sec.

ks— .
Regla:/elocity chart showing velocities for every 0.01

increase evolutions/sccond prepared from the lal'est
l:;trjssla;grl) equation ivill have to be used for calculating
discharge. .

The discharge statement _for cach gauging should be
worked out as soon as possible after the gauging. All
computation and entries in the discharge statement should
be checked a second time to avonq errors. The state-
ment should also be checked at division level before the
results are recorded.

Gaugings should cover as far as possible the full
range of the condition of flow in the channel stream gauged.

This can only be done satisfactorily by conducting gaugings

daily or at frequent intervals through out the season
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when there is flow in the channel or stream. A
single current meter gauging even when carefully done
may be as much as+4-5 per cent in error and hence there
should be sufficient number of repetition of observation
for approximately the same stages.

In regulated channels it will be possible to arrange for
various stages by suitable regulation and this should be
done to fill up gaps in the distribution of observations
dor various stages.

Gaugings should not be done immediately after
each such regulation as sufficient time should be given
for the flow to become steady after the regulation. Every
year after taking observations over a wide range, the
cross sectional area, the mean velocity and the discharge
are plotted on different curves with the gauge reading as
ordinate. The area and the mean velocity curves help
to explain  abnormalities. The gauge discharge
curve is finally utilised for regulation purposes.

The following points are to be noted. 1. Distance
from the initial point of each vertical in which soundings
and velocity observations were made. The distance
between successive stations gives the width of the partial
ared. 2. Depth of water in the vertical at which
observations are made as noted by taking soundings are
described earlier. 3. Duration of the velocity obser-
vation in seconds by stop watch. 4. Number of revolu-
tions of the cups during the time noted.

Mean velocity in the vertical at any measuring point
is the average of the velocity observations made in that
vertical. When a single velocity observation is made
in any vertical the same value can be noted in the corres-
ponding column. In order to get mean in the section
or partial area, values for consecutive verticals may be
taken. Mean depth of each partial area is computed
by averaging the depth at each vertical with depth at
the following vertical. From this mean velocity and
area, discharge are calculated. The following sketch
also indicates the method of calculation.

4l ! _+_1 _+_0-n am
b—a; ul cs‘ ay ) dm—l—j/_

or 252 | E—ﬁj L0, TRl ] b (Gesrdz)

where do, d, etc., and Vo and V, are depth and velocities at the respective area of sectionas, a,etc, which

are spaced at distances 1,, 1: etc.
467A-1—5 ‘
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1t is of great importance to use correct gauge height
when ploiling a measurement. The gauge height
should be read at frequen. incrvels dur'rg the measure-
ment, and the reading noied togedher with time.  The
veriical at which measuremen! s being made at the time
of reading the gauge should also be shown in the note.

Methods of suspension of meter .—
Three methods arc adopted.

1. The meter is suspended by an 1/8" wire rope cable
and two torpedo weights of either 17 1bs. or 11 lbs. are
attached below the meter to the small flat arm to which
the meter is secured.

{rig) S 18 ¢ he meter at lower
2. Aset ofrigid vodsis attached to i
end by screwing (as pet ske&ch)."\”\ns is adopted, th?’
the depth is small about 1’6" modified by attaching 3/
pipe for larger depths.

3. The meter is suspended as mentioned in item 1 but
fish weight is fixed above meter (as per sketch).

First method is adopted generally in all cases w}};}rle
plat forms with coracles are used for gaugmgtsl.1 J e
third method is used when we have to me.asured ? re 01i
city close to the bed. The second is used for a

cradle gaugings.

It may be thought that cradle gaugings are preggzrtexblg
to platform gaugings since the former do nott' l;[]lrt
stream lines but the errors on account of imprac 1cad1 1}3{
of Jowering the meter gxactly to a part_lculzllr ept
and consequent distribution of cross sectiona velo;lty
not being correct. Coracles introduce very little
error as the coracles we use are shallow and depths
comparatively large.

The result of gauging can be best examined by plot-
ting.: '
(i) A.site gauge area curve for the site gauge:
ii) A site gauge mean velocity cuera and ‘ '
(iif) Gauge discharge curve for the site and calibration
gauge.

full range
ale should be so chosen to cover the
of%}:)ewsgr}ea single sheet with the main portions of the
curves inclined at 45 to the gauge axis.

‘nts representing each gauging shquld be marked
ne};ﬁ; %(;lr;manpcircles. The plptted points shou]d' be
checked and inked in, and the serial number of the gaugings
also entered for each point. The plotting of these curves

houid be done immedicately after each gauging (and
s ostponed until after all the gauging or thg season
not pm leted) as they will be of great assistance in detec-
oy ctoherl: and there, errors on observation changes in areas
’grn %nean velocities of the channel, etc.

:nes done, a brief report on the gaugings
. Eortqny tg}?;l %lll;j%ect’, description of the site, and equip-
indica ":gl number and distribution of the gaugings and
ment t%ar useful information regarding the changes of
any Othel of channel may be prepared along with the
< regime The other particulars that have to be prepared
riil‘l{s' Abstract of gaugings, giving serial No. date,
a .

¢

gauge reading, area, discharge and mean velocity for each
guagings, 2. rite plan, 3. statement of check of zero of

gauge with description of permaneni beneh marks to which

the levels have been connected, 4. the cross sections of
channct at the site of the calibration pauge and gauging
site. 5. Curve and discharge tables. 6. Comparative
statement of current years gauging with previous obser-
vauon, if any at the same sites, 7. A statement of co-

efficients at masonry works, if any, worked out from the
resuits.

In canals which are subject to variations in draw off
from the normal, due to silting up, or scour or due to
weed .growth, or due to variations in surface fajl caused
by the draw off conditions in the lower reaches or other
factors tending to cause a decrease or increase in area
or velocity, different stage discharge relation curves are
drawn corresponding to different conditions that ob{ain
at the time of observation. These curves are also checked

up with the corresponding area and mean velocity curves
and values tabulated for every stage.

Other niethods of measurement of discharge—

1. In the velocity area method of mea
instead of measuring velocity directly
or indirectly by current meter, another method that is
commonly resorted to is by measurement of slope and
using  slope formula and the discharge measurements
are distinguished in accordance with the method of mea-
surement of velocity adopted. Slope measurement of
measuring discharges consist of determination of mean
area of cross section, mean hydraulic mean radius and
slope of water surface, with character of river bed and

banks to assess requisite co-efficient. Mean velocity is
determined by the formula. .

V = C VRS

suring discharges

where C is co-efficient depending on

Mean area of cross section
roughness of stream bed, R = ———

mean wetted perimeter.

and S = slope of water surfacee.

In order to find out the surface fall it is taken for a
fairly straight reach of the river of length of about 20
times the width of river where slope and cross section
are uniform fairly and condition of bed and bank are pet-

manent. A staright reach for 200 feet to 1000 {

eet must be
selected and measured for the course. Surface fall in
a reach must be sufficiently large to be measured without

a large percentage or error. This surface fa]]l can be
measured by reading simultaneously guage readings
(gauge posts to be fixed at relevant fixed places) at the
comencement and at the end of the run. " If one more.
gauge at middle is also noted it will give more accurate-
results. It is desirable that there should be at Jeast two

gauges at each and (one on each bank) a rage
of the two bank readings are ) and the averag

noted. " Ga tes to
17100 of a foot are desirably to be fixed. ulggrpelﬁsfxring
<orrect reading these should be got checked by a res-

ponsible officer along with the zero vajues connected 0
the common permanent datum. The accuracy of the
measurement depends largely on the proper placing of
gauges, precision in gauge readings and care in setting
the jgauges to read from the same datum. The value of
n” (rugosity co-efficient) should be fixed based on the:
roughness of bed and other obotructions that prevent

frec flow of water. “ N islarger for berm areas (over

by flocts or rods -

flow portions) than for the confined river section. The
value V is arrived by Kutters formula.

v = 1811 C=v RS
M
0.0281 1.311
A —_— =
C - 41.65 + S M

' * varying fi { 25is smooth
e Vi fen varying from0.020 10 0.025 is
’ Tnli“ X‘,;g'i‘l(;d gravel beds and 0.030 {0 0.033 in ro‘qgh
i)dégsya‘nd for overflow banks (berms) wih vegetation
0.040 to 0.055.

other formulae are :

1486 5 4
Mannings V = —""r R™xS
136 4 4
Lacys - ———— X R XS

na

or
3
16 R XS

» mathod is generaly used for estimating high
ﬂo’ggedsils?:ﬁar;;, often %l.fler. the highest flood ha’s p(?stsec}
and when the only data available are the slope;dsk e erd
mined by gauge readings or marks along thef 31} ;an
the area of section and the measurement of discharge
with instrumznts are impracticable.

esults obtained by this method are at best only

a T?jxirrrfail: ogving to theydifﬁculyy of obtaining accurate
p};.surem:nts of slopzs and the difficulty in the selection

mf/ prop2r roughnzss co-efficients for natural streams.
%his mathod of calculation of dlscharge can bl? used ]:1n
thz preliminary calculations of discharge tqd no;:lv tLe
quantity of water available and thereby decide whether

.detailed investigation is to be undertaken or not.

2. By weirs—

i itable form furnish an
dard type of weirs of sui
S&?:tc metﬁg)d of measurement of water, as water has
%icn found to flow over them in accordance with known
dv?‘mite laws. However on account of the cost of its
coenstruction, this method cannot be used in all places as
a measuring device.

e case ofa normal weir,a record of flow of water
ovler: ::}x}est of weir isto be noted. Co-efficient for the
weir isalso to be known. ~ Then %lso the discharge as
per the formulac Q =3 CXy/ 2g LH*® (i.e. 3/2). The
vajue of C depends on the nature of crest (sharp edged
or broad crested) or round crested the length of
weir over which discharge has taken place the width and
breadth at bed level of the appr\'la_,Ch channel i.e., upon
the end contractions, when velocity of approach is to
be allowed for one formulae to be adopted s

_3 CLy 7g [(H-+h)*"* — h?/2)]. where H is head over
ch;st and =head due to velocity of approach. For
harp created weir with end contractions the formulae
:hat can be adopted Q=3.33 LH3/2 and with velocity

of approach Q=333 [(L—2H) (H—h)gh'—hsl))].
467A-1 Sa
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In the case of broad cresated weir the formujae to be

usqd =Q =264 LH . Trapezoidal and triangular
weirs in the case of small channe] are used occasionally
with proper co-efficients in the formula.

In practice weirs are not constructed for g uging pur-
poses. But when drops ina channelareto be provided
in a canal, advantage is taken for measuring discharges.
In the case of clear over fall discharges, discharges are
worked out based on the head given by the front gauge
readings, and in the case of submerged weir by tzking into
account the readings on both the front and rear gauges
As theaccuracy of the methods depend upon the correct
measurement of head and the value of co-efficient selected,
a value which isagain based on experiments whose
applicability depends on actual conditions cannot be

vouchsafed without being verified by any other method
at site.

In the case of sluices provided atanicuts or reservoirs
etc., determination of discharge is done by calculation
of water flow by the formula CAV2GH or other
modified forms. Here also the gauge readings in
front and rear of sluice (i.e. in anicutsor reservoirs) are
to beread and effective headcausing flow iscalcujated.
The area of vent way is worked out by noting width
and height of shutter opened. Here also a suitable
value of “C’’ has to be used. The adoptability of the
value of “C” is checked by measuring discharge by other
means or by gauging with meters. Measurement
by sluices is followed in exceptionzl cese where there
are no facilities for calibrating a gauge. An error of
0.05 in noting the head itself is like]y to give such error
in results.  Similarly lezkage through vents z]so affect
the results. Again co-efficient varies with the front
head, rear condition of flow and extent of opening, etc.

Volumetric method of discharge—

Another method to compute discharge is by direct
measurement if possible. This is mostaccurate method
except in case of smell channels where flow can be regu-
lated and diverted or in other extraordinary cases where
suitable facilities are available. Wzeter flowing through
a channel is diverted to a measuring cistern or receptacle
whose volume is calculated ezrlier. By noting the time
taken to fill up, rate of discharge is calculated. By letting
down water through a known height of opening of a
sluice or sluices, for definite interval discharge let down
into the chamber was determined by the rise in levels and
the consequent increase in volume, From this the
value of “C” for the sluices for the particular opening
and reservoir levels are determined.

Discharges at bridges and regulator sites—

Discharges are calculated for bridges etc., during high
flood condition when the standard methods of accurate
measurement are impracticable due to difficulties involved.
They are used as good check on discharge celculated
by slope formula under such flood condition. 'The
discharge formula Q=CA v2g  (X<ha) (with velocity
of approach) whereA = Area ofC.S. at greatest contraction,
point C=0.9; h=head due to velocity 6f approachX m
actual heading up or afflux. Accurate discharge
by this method may not be possible since there wil] be
difficulties in the correct measurement of affiyx and to the
uncertainity of the value of «“C”.
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CONDITIONS OF FLOW

(!) SUBMERGED COMDITION:-(S.c) )

EETRYI AT L

Frewy Awd REA™ GRUGE NEADINGS ARG MORE

THAN  THE MeEiGHT
©F  OPEMINGS.

Q= CAJSZgh

i
77777 7 777 7770 7777777777

(2) FREE CONDITION (F.c)sron VENT OPENINGS) .

WHEN THE FRONT AND REAR GAUGE READING;
THE HEIGHUT OF OPLNINGS,

ARE LESS THAN

Q= CL/2gh (F-h/s) .
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(3) SMALL ORIFICE.(S.0)

WHEN T2 FRONT WATER LEVEL (S5 wMORE THAN 8 Tmey of

AND THE REAR WATER LEVEL 1S BEtow THR

= CAVZgdh

(4) RECTANGULAR ORIFICE{R.O)

WMueEN THE FRONT wWATER LEVEL (8 LK8S

AND THE REAS WITER LEVEL 18 Bilow TH&

/a
a=CL(h.V‘- h )

FROMNY

THAN 8 TiMEs OF VINY OPsywg

Feour

Siee

[ 11 N %

VENT OPELNINGS
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(5) PARTIALLY SUBMERGED ORIFICE (P.5.0) | (yy OROWNED ANICUT CONDITION (D A)
WHEN THE FRONT WATER LEVEL 1§ MORE THAN THE HEIGNT OF OPENINGS
AND TME REAR WATER LEVEL 1S LESS THAN THE NEIGHNT OF OPENING S . -
) WHEN THE FRONT WATER LEVEL AND REAR WATER LEVEL ARE
ABOVE THE CRLSTY OF THE AnNiewrT,
: 2 3/‘. 3/,_ ) .
Q = CLJZg{-;(h - h2 J+(h=-h)Yn
7/ 3
Q=L [3-!{0 +ha)"" - ha +Cad V29(h+ha)
=L (D+d+b) va , WHERE Va = JTgha
F
M
NOTEK ;-
(6). CLEAR OVERFALL CONDITION. (C.0) —— |
: o Fakh = MEAD OF FRONT WATLR |
WHEN THE FRONT WATER LEVEL IS 2SS THAM THE HEIGHT OF OPENMINGS : R=d = NLAD OF REAR WATER ;
Aup REAR WATER LEVEL 13 LESS THAN THE CREST (OR SiLL LEVEL), He = MEIGNT OF VENT OPENINGS !
Y/ ' h - OIFFERENCE BETWEEN FRONT AND REAR WATER &LEVELS,
3/a
Q = cth h2 — FAONT MEAD ABOVE THE HEIGHT OF VENT OPENINGS,
L - LENGTY OF EACH
A — ARLa OF VENT (WATER WAr)le.(LENGTH OF VENT X WLIGNT OF
VANT OPENINGS)
Z ho - HEIGHT DUE TO  VELOCITY OF APPROACH,
2¢ = 8.00
t D - WYDRAULIC MEAN DEAPTH
" ¢ — COELFEICIENT oFf DISCHARGE
" Ca AS PER MDIS
Referencemm— '
L. Sté?a’{," %i?gﬁ%s by M.G. Hirapandani and 3. M;gllléisof Gurley Hydraulic Instruments by Gurley
2. Instructions for conducting current meter gauging

‘ 4. A Brief note
(issued by Chief Engineer (Irrigation) in 1934). on gau

nanthanarayanan ging of River by Engincer N.S.
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INVITATION TO READERS.

- Kind attention of Engineers of Tamil Nadu Public Works Department
and other readers of the journal “ NEW IRRIGATION ERA ” is drawn to the
meagre response to repeated requests for contribution of articles to the journal.

‘As all are aware the objective of the journal is two-fold, viz., to promote
the interest of Engineers and assisting their specialised work by placing before
them the different problems of technical importance and ways and means of solving
them and secondly to offer to all Engineers to express their own experience in vari-
ous fields. It is desired that the Engineering fraternity will come forward in large

numbers to utilise this medium to its best advantage by offering their valuable
contribution.

The scope of articles to the journal can be mostly on Irrigation, but articles
which have direct bearing on subjects as noted below are also welcome—

1. Technical aspects of foundation soils and foundation Engineering.

N

. Auxiliary works in the field of Irrigation and other water retaining struc-
tures and works,

3. Practical solution to hydraulic problems in canals and distribution.
. Soil erosion problems and conservation and reclamation.

. Silt problems in rivers and reservoirs.
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. Sanitation and Public Health problems and possbilities of utilisation
of sewage.

7. Inland water ways, navigation, fishing schemes and protection of land
against sea erosion, etc.

8. Problem of drainage in deltaic tracts and entrance of rivers into the sea.
9:‘ Run-off studies in catchments and evaporation studies.
10. Other subjects.
The Executive Engincers of the State Public Works Department are specially

requested to encourage their Subordinate Officers to come forward with articles
and enable the jourpal to flourish and serve a good cause.

The Engineers of other departments are also requested to contribute liberally
articles.
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View of Corhpletcd Nadumalai Bridge at 407 km of VNT Exit Course.
Adopting method of Composite Construction in steel 2nd Concrete.
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