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ABSTRACT

For improving the present practice of establishing stage
and discharge relations, a methodology using information about
physical features are suggested and explained in the user manual.
This methodology has been applied to the data of gauging sta-
tions in the Narmada basin. The river Narmada situated in Cen-
tral India, is a west flowing river, rising near Amarkantak in
Maikala range of Madhya Pradesh. There are seven important dis-
charge sites where measurement of discharge are carried out
using current meters and some times floats. For the purpose
of design flood studies in Narmada basin, discharge values at
hourly intervals were needed at the gauging sites. The case
study described herein ralates the stage and discharge data
for all the seven sites (Manot,Jamtara,Bermanghat,Houshangabad,
Mortakka,Mandleshwar and Garudeshwar). At all the seven sites
daily discharges are observed using current meters (or floats)
and Water levels are observed hourly. In order to compute hourly
discharge the relationship between stage and discharge have been
established.

A relationship of the form @ = a{G- e)b
where, G,Q are stage and discharge respectively and a,b, and e
are parameters defining the relation, is used alongwith a least
squares methods for estimation of parameters. This equation is

compared with Manning's equation.




0= I (ar)?/3,1/2

where A is area, R is hydraulic radius, n is a constant and

S 1is the bed slope. This results in the following approxi-
1/2

mation, a (1/ny w s where W is the width. The hvdraulic
radius is approximately equal to (G-e) for wide channel,
where 'e' is the bottom of the channel elevation. The value
of 'b'" is equal to 1.6 to 1.7. The physically based estimates
of a,b, and e are obtained prior to using computer programme
for rating,using least squares. These are used as a guide to
interpret and select the parameters for rating relationship.
Superimposed cross section plot of these sites revealed
that there is a gradual®increase in the cross sectional area
from site Manot to Bermanghat. There is a sudden increase in
cross sectional area at the site Houshangabad, but further
downstream is not that large. The reach at Houshangabad will
act as a natural regulator of flood. The cross section of all
the sites are analysed and conveyance are calculated and plot-
ted along with discharge. A simple plot of measured discharge
are also made to remove obvious errors. A double log plot made
for the discharge observed at all the sites exhibited a single
ration curve within the channel portion for all the sites ex-
cept for Mandleshwar. The analysis of data pertaining to the
site Mandleshwar showed the requirement of two rating curves
within the channel portion, one curve for lower discharges and

the other for high discharges. The following is the table of

parameters defining the rating curve for different sites:




Site Parameters Datum
(m)

a b e
Manot 99.467 1.769 0.5 86.0
Jamtara B5.046 1,795 2.3 360.0
Bermanghat 98.428 1.73 4.0 30620
Houshangabad 173.183 1.858 1.9 282.0
Mortakka 605.09 1.54 2.6 150.0
Mandleshwar 331.209 1.715 0.9 138.0
Garudeshwar 250.0 1.66 1.7 12.0

The plots comparing the curves supplied by field orga-

nisations and the presently established are also made.
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1.0 INTRODUCTION

Establishment of a steady state relati.nchip between
stage and discharge forms an important aspects of hvdrologic
analysis. This steady state relation is an important tool in
hydrologic analysis which replaces the well known hvdraulic
equation of momentum and provides means to convert the stage
observations at a particular river site to discharges for direct
use in hydrologic models. A brief description of the methodo-
logy is being given in this report dealing with application of
the methodology to data of different gauging sites of the river

Narmada viz.,

1. Manot site

2. Jamtara site

3. Bermanghat site
4, Hoshangabad site
5. Mortakka site

6. Mandleshwar site
7. Garudeshwar site

The location of each of the above on the river Narmada
is shown in figure 1. The rating relationship established for

each of the above gBites are in table 17.
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2.0 REVIEW

The rating curve for a gauging station is a graphical
depiction of the relation between stage and discharge. For
each station rating curve establishment presents individual

problems based on the control characteristics for the station.

2.1 Principle

The relation of stage to discharge is usually controlled
by a section or reach of channel downstream from the gauge.

A section control may be natural or man made. It may be a rock
across the channel or a riffle or a weir. Section controls are
effective only at low discharges. A channel control consists
of all the physical features of the channel which include slope,
roughness, alignment, constriction, expansion etc. Knowledge
of these features are important where judgement in interpola-
ting and extrapolating of measurements is involved and where
there are only limited measurements available.

Hiranandani and Chitale observed in their book stream
gauging (1964) that gauge discharge curves could show up a loop
when there exists a low weir on a river. Mistry et.al (1984)
in an analysis of few small rivers of Gujarat State found that
generation of a process called water hammer starting near the
junction with sea water is responsible for a looped rating
curve. They also observed that in long rivers the looped ra-
ting curves are caused by flatening gradient in the case of

falling stage. Dawdy noted discontinuity in depth discharge




relation of many alluvial streams. The siqnificénce of various
regimes of flow to stage-discharge relation has been realised
after Colby (1960). Relatively stable channel section will have
a steady state rating. This means that there is only one

discharge corresponding to a stage.




3.0 STATEMENT OF THE PROBLEM

To use the established rating curve with appropfiate
interpolation technique to convert the continuous stage
records to discharge records for use in hydrologic analysis,
including extension if possible, and to establish a physically

meaningful rating curve from the observed daily gauge and

discharge data.




4.0 DESCRIPTION OF STUDY AREA
The river Narmada, situated in the Central India is a
west flowing river, rising near Amarkantak in Madhya Pradesh

at elevation of about 900 m. in Maikala range.

4.1 The River

The river Narmada has several falls in the head reaches.
The river drops by 24 m at Kapildhara fall, 8 km from the
source and 4.6 m drop at Dudhara falls very near to the former.
Clese to Jabalapur the river drops 15 m at Dhaundhara falls
after flowing through 404 km from the source. After travelling
464 km the river Narmada enters the upper fertile plains. The
river drops again 12 m both at Nandhar,806 km from the source
and at Dhardi, 853 km from the source, while its journey in
the middle plains. A drop of about 6.7 m at Sahasradhara can
be seen at 966 km from the source. After the middle plains
the river enteres the lower hilly regions and flows through
gorge. Emerging from the gorge the river enteres the lower
plains and meanders till it reaches Broach. Beyond Broad the
valley widens inﬁo an estuary and enters the Gulf of Gambay.

In its 1312 km journey the river Narmada receives flows
from number of tributaries. Some of the major tributaries are
Burhner, Banjar,Sher Shakkar,Tawa,Chhota Tawa,Kundi.

The Narmada Basin is bounded on the North by Vindhyas,
on the east by Maikala range on the south by the Satpuras and

on the west by the Arabian sea. The hilly regions are well



forested. The upper, middle and lower plains are broad and

fertile areas well suited for cultivation.

So far as the main river is concerned there are seven
important discharge sites as marked in the figure 1. Observat-
ions are reported to be carried out daily with current meters.

In case of high floods floats are used,

4.2 Cross Section

A superimposed cross section rplot of all the gauging
sites considered is shown in figure 2., The data is plotted with
respect to a common reference in rectangular coordinates. The
Central vertical line at the middle of channel width is made
to coincide with Y-axis. The X-axis is based on the zero of
gauge reference given in the cross section. The X-axis repre-
sents the sloping bed. It can be seen the cross section of the
river gradually increases from upstream site Manot to Bermang-
hat. Socon of after the site Bermanghat. Soon after the
site Bermanghat the river width has a sudden expansion at
Hoshangabad. The cross section at Mortakka, downstream of
Hoshangabad is not wider. From this typical construction in
nature, the Hoshangabad reach is expected to act as a regulator
of flood flow, storing huge flood and releasing through narrow
reaches. Because of this a large reduction in peak of flood,
flow is expected at Hoshangabad. The river has an expansion
from Mortakka to Mandelshwar. But further downstream there
seems to have reduction in the cross section at Garudeshwar.
The following table shows salient features of these cross

sections of the river Narmada.
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Table 1- Salient features of the cross sections of the
river Narmada

No. Name Zero of gauge Width Channel Area m2 at
(m) (m) slopne 15 m depth

1. Manot 442 170 .00125 2592

2. Jamtara 360 280 .00033 3715

3. Bermanghat 306 320 .00038 3140

4. Hoshangabad 282 700 .00023 8831

5. Mortakka 150 670 .00053 -6291

6. Mandleshwar 138 600 .N0046 10064

7. Garudeshwar 10 500 0001 6682
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5.0 AVATLABILITY OF DATA

| The following table provides the information on the
data connected with establishment of relation between stage
and discharge of various sites under study:

Table 2 - Available Data

Site Cross section Daily gauge Rating curve for
for the years for the years the years

Manot 1978 1977 to 1980 1978

Jamtara 1978 - 1979 1968 to 1980 1971 to 1973
' and
1975 to 1979

Bermanghat 1978 - 1979 1972 to 1977 1972 to 1978
and 1980
Hoshangabad 1973 to 1979 1972 to 1978 1973 to 1978
Mortakka 1978 1968 to 1978 1978 - 1979
and 1980
Mandleshwar 1979 1971 to 1980 1972 to 1978
Garudeshwar 1973 to 1979 1972 to 1978 1973 to 1978

It has been noticed that under a particular name of the
site the gauging will be operational at various cross sections
at various time. Many times these cross sections are very much
apart from each other. Hence the data under the same site name
contains mixed information . However, proper care has been

taken to separate them and use in this study.

11




6.0 METHODOLOGY

Three cases have been studied and reported earlier.
Depending on the need a choice can be made out of the three
cases viz:

i} Interpclation 1ii) Conveyance analysis iii) Rating
analysis based on least square methods and physical verifica-

tion.

6.1 Interpolation Methods

This method is possible only when a rating curve is
available. These rating curves are graphical display of stage
and discharge in steady state conditions normally prepared by
people incharge of measurements. If rating curve has been
drawn well guided by the observed and plotted points and if the
extension of the curve is minimal considering the stages to be
converted, preparation of rating table is taken up. The rat-
ing table is simply a representation of rating curve in a dis-
crete form. An equal interval table is prepared. Discrete
values of discharges corresponding to the stages are read from
fhe curve and entered in the table. The table is smoothened
to ensure that the rating curve is really represented in the
rating table to be monotonic curve. Preparation of a differe-
nce table is taken up to smoothen it. Discharges are inter-
polated using this smoothened table. Out of the various inter-
polation methods used second order Hermition interpolation

appear to be best suited in comparison to the other two

12




technigques namely linear and cubic spline.

6.2 Conveyance Analysis

In this case of (i} if it is found that the extension
of the curve is not minimal the extension of the curve is
first carried out. The cross section of the river is needed.
River cross sections are defined by geometric coordinates.
The section factor as defined by

K = AR2/3

where A is the area and R is hydraulic radius, K is taken to
be representing the conveyance taking 'n' to be unity.

The plot between conveyance and di-.charge is made. If
‘a straightline could be drawn, it is extended considering the
curve for stage Vs conveyance. A rating table is prepared and
interpolation techniques are used. If the curve resulted in
conveyance analysis could not be extended the next method
is adopted. Care should be taken in the case of composite

sections while computing conveyance.

6.3 Rating analysis Based on Least Squares Method
and Physical Analysis

This analysis is started with measured daily gauge and
discharge data of a particular site. A simple plot on ordinary

graphsheet will help to eliminate obvious errors in the data.

An equation of the form

0 =a (G - e)b

where O is the discharge , (m3/s )

G is the stage elevatiqn, (.m)

13




e 1s the zero of gauge and {(m)
a and b are the coefficients, if fit into the data using least
square techniques. It may be noted that a number of different
set of coefficients are possibly fit the given data. Hence a
choice of the coefficients is made in.accordance with physi-

cal verification and according to double log plot .

(4




7.0 ANALYSIS

The previously described method of establishing rating
curves which is physically meaningful has been applied to the
seven gauging sites of the river Narmada, viz, 1) Manot , 2)
Jamtara 3)Bermanghat 4) Hoshangabad 5) Mortakka 6) Mandeleshwar
7) Garudeshwar

The details are given below:

7.1 Site : Manot

The gauging site Manot is situated on river Narmada
near the confluence of left side tributary Burner at about
248 km from the scurce Amarkantak.

For the development of rating curve the cross-section
data of the year 1978 and daily gauge and discharge data for
1977-78 with ZG = 86.0 m have been used in the present study
as given in Appendix I.

On the basis of physical information provided by the
river cross-section, a conveyance analysis using GEDA programme
has been made. The output from this programme provides hyd-
raulic radius and other hydraulic elements as a function of
depth of flow (elevation). The cross-section of river Narmada
at Manot has been plotted as shown in figure 4 and the stage
elevation, conveyance and discharge are plotted as indicated
in. figure 5. It is seen from figure 5 that the conveyanée

changes at a uniform rate upto stage of 101 meter or so,zand

it is,therefore, expected that rating curve would also have

15
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similar behaviour upto thisg level assuming Manning's n remains
constant.

An equation of the form

Q=a (G -e)P
where,

Q is the discharge at the gauging site

G is the stage elevation, a,b,e are the parameters

defining the relation.

The details of analysis made are given below:

a. Physical Verification
Width of the channel
(at the channel top) 170.0 m
Slope of the bottom
(as per longitudinal section) 0.00125
sl/? 0.0353
n ( assumed ) 0.035
a = % W Sl/2 = 170.0 approximately
b= 1.7 (assuming parabolic shape)
e = 0.5 (effective bottom level)
B. Double Log Plot

Adopting a shift of e = 0.5 in the observed stages a
plot of stage and discharge has been made in the double log as
shown in figure 6. A straight line has been fitted through
these points. The value of the coefficients a,b,e obtained are

as follows

a = 100.0
b = 1.78
e = 0.5

18
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c. . Rating Analysis

The daily gauge and discharge of the year 1977,1978
were used for analysis. Least square technique is applied
using 34 data points. The following are the relevant extract

from the computer results.

Table 3 - Trial Parameters for the Manot Site

‘ . : Sum of
Trial No. a b e squared Remarks
error
1 ' 66.739 0.3 2.04 194023
2 81.688 0.4 1.906 193058 Computer chosen
best
3. 99.467 0.5 1.769 193713 Finally selected

basis on the
physical verifi-
cation

Although the second set of values are chosen by the

computer based on the least sgquare criterion, however,because

of the relatively higher value of b = 1.906 as compared with
value obtained by physical verification and double log analy-
sis, the third set of parameters were finally -selected for
conversion of stages, viz. a = 99.467, b =0.5, e = 1.769.
Comparison the rating adopted and the rating gurve supplied
by field organisation(CWC) is shown in figure 7. It appears
that for higher values of Q, points plotted in CWC curve are
linearly interpolated points.

The following relationship was fiﬁally adopted

Q = 99.467 (¢ - 0.5)%°769

20
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where,

G is stage in m above a datum = 86.0 m

Q is discharge on m3/sec

Site

River

Type of data
Source

Year

Scale

zero of gauge

Remarks

1)

PROFORMA

MANOT

Narmada

Rating curve (graphical)
CWC/Bhopal gauging Division

1977 and 1978

Hr 1 em = 20 m3/sec

Ver 1 cm = 0.2 m

B6.0 m

l. The curve is drawn well
guided by the points in the region
86 m to 89,2 m

2. The stage conversion needs
the curve upto 97.485 m.

3. Plot of available higher range
values indicates an error. The
values might have been, extra-

polated linearlv.

Type of data
Year

Remarks

L1}

Cross section
Not indicated

1. The cross section is defined by 19
coordinates. The lowest level is de
fined by 220 m 86.] m.

2. Both the left over bank and right

.over bank are not defined.
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where,

G is stage in m above a datum = 86.0 m

Q is discharge on m3/sec

PROFORMA

Site
River

Type of data

Source :
Year H
Scale :

Zero of gauge

Remarks

MANOT

Narmada

Rating curve (graphical)
CWC/Bhopal gauging Division

1977 and 1978

Hr 1 em = 20 m3/sec

Ver 1 cm = 0.2 m

B6.0m

1. The curve is drawn well
guided by the points in the region
86 m to 89,2 m

2. The stage conversion needs
the curve upto 97.485 m.

3. Plot of available higher range
values indicates an error. The
values might have been, extra-

polated linearly.

Type of data
Year

Remarks

-

Cross section
Not indicated

1. The cross section is defined by 19
coordinates. The lowest level is de-
fined by 220 n, 86,1 m.

2. Both the left over bank and right

.over bank are not defined.
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7.2 Site : Jamtara

This gauging site on the main river Narmada is located
at 399 KM away from the source Amarkantak Bargi dam is 19 km
upstream of Jamtara. A measurement site at a railway bridge
was established in the year 1949. This gauge site has a zero
of gauge 361.567 (rm and was operated by Western gauging divi-
sion CWC until the year 1970 and there after by Central Flood
Forecasting Division(CFFD). The Western gauging division
started taking measurements at a downstream site having zero
of gauge 360.0 M The table 4 given below shows the different
zero of gauge seen alongwith the data indicating the frequent
shifts in the gauging site both upstream and downstream and
different agencies involved.

Table 4 - Different zergp of gauge at Jamtara

Period Zero ?ﬁ)gauge Source and Remarks
Feb.1949 - June 1949 359,69 CWC statistical Dte.

July 1949- Nov.1949 364.88 -do-

1.12.1949 - 20.1.50 359.69 ~-do-

20.1.50 - 10.3.50 363.38 Bargi site

11.3.50 - 31.12.67 361.57 Jamtara site
Nov.1l971l-onward 360,00 Jamtara site

1949 - 1967 361.57 Seen from Rating curves
1971 - 1980 361.57 daily gauge and discharge data
1972 - 1978 360.00 PRating curve from Western Gauging
1971 - 1977 360.00 Daily gauge and discharge

1971 - 1979 360.00 Hourly data

23




Data pertaining to the site having zero of gauge 360.0
m were taken for analysis. The cross section data of the year
1978 as shown in figuré 8 were used for conveyance analysis.
The details of the c¢ross section and rating curve supplied are
given in a proforma. The output of the program GEDA with above
input data are used to compute conveyances..- These conveyances
as a function of depth and also as a function of discharge are
shown graphically in figure 9. It can be seen from the figure
9 that the conveyance changes uniformally upto the height of
380 tnof so and it is ,therefore, expected that the stage and
discharge would also have similar behaviour upto this level
atleast, assuming Mannings n remains constant.

An equation of the form

Q=a (G-e)°
where,

Q is the discharge at the gauging site

G is the stage elevation,

a,b,e are the parameters defining the relation is

assumed.

The details of the analysis carried are given below:

A. Physical verification
Width of the channel 280.0 m
(at the channel top)
Slope 0.00033
(from the longitudinal section)
sl/2 0.018
n. {assumed) 0.036
a=1 wsl/? 140.0
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b= 1.7 (assuming a parabolic shape)

e = 2.0 (effective bottom elevation)
Deuble log analysis

Stage elevations are reduced by 362.0 m and a plot is
made on a double log as shown in figure 10. using the stage
and discharge data. A straight line fit is made. The following

parameters are obtained from the plot.

a=7170
b = 2.04
e = 2.0

Remarks: Double log plot showed a § shaped curve indicating
a channel control like a fallsthis aspect was not
investigated in the present study.
Rating analysis
The daily gauge and discharge data pertaining to the
yvear 1972 to 1977 were used. In total about 255 pairs were
used while applying the least square technigues. The following

table gives the extract of computer results:

Table 5 - Trial Parameters for the Jamtara site

. Sum of squared Remarks

Trial No. a b e error

1 76.275 1.837 2,2 Not printed out -

2 85.046 1.795 2.3 Computer
choice as
the best

3 94.858 1.753 2.4
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The computer choice of the parameters viz., a = 85.046
b=1.795 and e = 2.3 is taken as final for conversion of sta-
ges since these value are comparable with the ones obtained in
other two analyses.

A compriscn of rating curve used in NIH with the rating
curve supplied by field organisation (CWC) is shown in figure
11. If extended CWC curve would over estimate the discharges
in comparison to those given by the presently established rat-
ing curve.

The relationship finally adopted is the following:

0= 85.046 ( G - 2.3)+°795

where,
G is the stage above zero of gauge in m
Q is the discharge in m3/sec
PROFOFMA
Site : JAMTARA.
River : Narmada
Type of data : Rating curve (graphical)
Source : CWC Bhopal Division
Year H 1978
Range : 360.0 m to 370.5 m
Zero of the gauge : 360.0 m
Remarks : 1. The curve is drawn well guided by

the plotted points

2. The stage coversion needs upto
375.875 M to be converted, hence
an extension of 5 m is involved.
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Type of data
Year

Remarks

Cross section ( graphical)

1979

1. The cross section is defined by
41 co-ordinates covering 490 m
width. The lowest level is defined

by 90 m, 361.025 m.

2. The section is a composite one.
3. The left over bank is not defined
while right over bank is in

sufficiently defined.

31




7.3 Bermanghat

This gauging site is situated at about 510 km from the
source and just 10 km downstream ¢f the confluence of the
tributary sSher. This site is in M.P.State. Table 6 below

gives the zero of gauge of this site as mentioned in data

supplied.
Table 6 - Different zero of gauges at Bermanghat
Year Zero of gauge (m) Scurce and Remarks
1978 306.0 Rating curves
1971 to 1978 306.0 Daily gauge and discharge
{cwe)
1976 315.85 Cross section
1978 318.7 Cross section
1979 306.0 Cross section
1980 306.0 Hourly Stages

On the basis of geometrical information provided in the
cross section pertaining to the year 1979, as shown in figure

12, the conveyance analysis was carried out. The output from

3 etc.

the program which are hvdraulic elements like area,Rz/
These were used to compute conveyance . Conveyance , as func-
tion of stage and discharge as a function of conveyance, were
plotted as shown in figure 13. It can be found that the conve-
ance of this cross section varies uniformly upto a stage of

324.0 m. Hence it can also be expected that the rating curve

would also have similar behaviour this elevation assuming that
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Manning's 'n' remains constant.
For the devellpment of the relationship an equation of
the following general form is assumed

Q0 =a (G - e)b

where,
Q is the discharge in (mB/S),
G is the stage elevation in (m), and
a,b,e are the coefficients defining the relation. The

following are the details of the analysis; carried out:

A. Physical analysis

Width =-==em-——m——m—m——m—— oo 320 m

( from the cross secticn)

Slope —=====—w-r——————=—=m————— .00038
{ from the longitudinal section)
6l 019
n = —mmemmm———ese— oo ———— = 038
(assumed)
a=Lwel? 160
n
b= 1.7 ( A parabolic cross sectional shape)

e = 4.0 m { effective hottom)

B. Double Log Plot

The stage elevations are reduced by 310 m and a plot of
stage and discharge on a double log sheet is made as shown in
figure 14 A straight line could be drawn through most of the

points as shown.

The following coefficients are optioned from the plot!
a = 150
b =1.34
e = 4.0
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{C) Rating analysis
The daily gauge and discharge data pertaining to 1973,
1976 and 1977 {2G = 306.0 m}) were used. In total 177 pair
of values were used in the Least Sguare technique. The relevant -

extract from the computer output is given in table 7.

Table 7 - Trial Parameters for the Bermanghat site

S1.No. a b e Sum of sguared Remark
error 10
1 88.758 1.769 3.0 22.978 -
2 98.428 1,73 4.0 22.816 computer selected
set
3 165.566 1.53 4.5 23.32

The computer chosen second set of parameters is selected
for final conversion based on least sum of squares errors and
also because of this closeness to the earlier analysis based
on physical characteristics.

For the purpose of comparison the rating curve supplied
(CWC curve} and our presently established curve are plotted
on figure 15. It is seen that the CWC curve is uniformly
under estimating the discharge.

The following relationship has been finally adopted:

Q= 98.428 (G - 4.0)1° 73
where,

G is .stage in (m) above zero gauge

Q is the discharge in m3/sec
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Site
River
Type of
Year

Scale

Zero of

Remarksa

Type of
Year

Remarks

data

gauge

data

PROFORMA

-

Bermanghat

Rating curve (graphical)

CWC/Western gauging Division

1978

Hor. 1 cm

100 m3/sec

I

Ver. 1 em= 1.0m

306.0 m,

1.

The curve covers 306.0 m to
318.0 m
Drawn well guided by the

plotted points

Cross section ( graphical)

1978

1.

The cross section is defined
by 60 co-ordinates covering
540 m, The lowest level is
280 m, 304-465 m.

Both left over bank and right

over bank are not defined.
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7.4 Site : Hoshangabad
This gauging site Hoshangabad is situated at about 650
km from the source. This gauging site is operated by CWC from

21.5.72. The zero of gauge as found from the data are given

below:
Table 8 - Different zero of gauges at Hoshangabad
Years zero of gauge {(m) Source and Remarks
1978 282.0 Daily gauge and discharge
data
1979
1980 282.0 Hourly data

For the development of rating curve the cross section
data of the year 1978 and daily gauge and discharge data for
the years 1972,1973 and 1978 have been used in the present
study.

On the basis of physical information provided by the
river cross-section a conveyance analysis using GEDA program
has been made. The output from this program provides hydrau-
1ic radius and other hydraulic elements as a function of depth
of flow (elevation). The cross section of river Narmada at Hoshan-
gabad has been plotted as shown in figure 16.and the stage
elevation conveyance and discharge are plotted as indicated
in figure 17. It is seen from figure 17 that the conveyance
changes at a uniform rate upto stage of 303 m or so and it

is therefore expected that the rating curve would alsc have
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similar behaviour upto this level assuming Manning's 'n'

mmaining the same

- where,

An equation of the form

Q=a (G—e)b

Q is the discharge at the gaugint site,
G is the stage elevation, and
a,b,e are the parameters defining the relation. The

details of analysis made are given below:

Physical Verification

Width of the channel =--—==-em—me e 700 m
(at the channel portiocn)
Slope S = mmemememmeeeme oo 0.00023
(as pe} longitudinal section)
st/ 0.0151
"(assumed) 2 TTTTTTTTTTTTTTTTTTTTTOOS 0.036
a=3%wst?2 o 294

n
b=1.7 (assuming a parabolic shape)
e=0.0r (effective bottom level)

Double Log Plot

Adopting a shift of 283.9 m in the stage elevation

(i.e. h =G -283,9) a plot is made of observed stage(h) and

discharge in double log as shown in figure 18. A straight line

has been fitted through these points. The value of coefficients

obtainedlare as follows:

a= 170
b= 2.0
e= 1.9 above zero of gauge)
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cC. Rating Analysis

The daily gauge and discharge of the year 1972,19%973 and
1978 were used for analysis. Least square technique is applied
using 325 data points. The following are the relevant computer

results:

Table 9 - Trial Parameters for the Hoshangabad site

8l1.No. a b e Sum of sqguared Remarks
error
1 149.756 1.924 1.8 55916604
2 © 173.183 1.858 1.9 48690932 Computer chosen
best
3 200.28 1.791 2.0 49299792

The computer chosen second set based on the minimum
error criterion is also comparable with the physical analysis,
double log analysis and hence they are selected for conversion
of stages into discharges.

A comparison of rating curve used in NIH with the CWC
rating curve supplied in shown in figure 19. The CWC curves
will be over-estimating the discharge between stages approxi-
mately 290 m to 294 m.

The relationship finally adopted is the following:

Q = 173.183 (G-1.9)18%8
where,

G .is the stage above zero of gauge in m , and

Q is the discharg in m3/sec.
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Site

River

I Type of data
Source
Year

Scale

Zero of the gauge

Remark

II Type @f data
Year

Remark

11

Hoshangabad

Narmada

Rating curve (graphical)
CWC/Western gauging Division
1973

500 mg/sec

Hor. 1 cm
Ver. 1 em=1m

282.0 m

The range covered is from 282.0 m to

296.0 m

¢ross section ( graphical)

1979

1. The cross section is defined by
47 co-ordinates covering a width
of 753 m

2. The lowest level is defined by
the co-ordinate (160 m,281.92 m)
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7.5 Site : Mortakka

The gauging site Mortakka is situated on the main river
upstream of the dam at Maheshwar dam at about 886 km from the.
source. The Narmada tribunal report says that daily observa-
tions are made with float at a section 3000 ft. dJdownstream
of a railway bridge on Western Railway line between Khandwa to
Indore.

The zero of gauge as found from various data are given
in the table below:

Table 10 - Different zero of gauges of Mortakka

Year Zero of gauge(m) Source and Remarks
1969 to 1975 152.961 Rating curve (CFFD)
1979 150.0 (datum) Cross-section supplied

by Govt. of M,P,
1968 to 1970 152.4 Daily gauge and discharge
1973 152.4 CWC
1978 152.4 CWC

For the purpose of establishing a rating curve the
cross sectional data pertaining to the year 1979 and the daily

gauge and discharge data pertaining the year 1980 were used.

A, Physical Verification
Width of the channel kL D D D Lt 670 m
{(at the channel portion)
Slope 8 == memmeemeemeeeeeeeeew 0.00053
si/2 L 0.023
n ——————— 0.03



1 1/2

a= ZWs/T e 616.4

€ {effective bottom) —————ecmrmmmmea— 0.8 m above
datum 153.0
m

b = (Assuming a parabolic shape 1.7

to cross section)

B. Stage elevation are reduced by 155.6 m and a plot is
made on a double log as shown in figure 22.. Using the osbserved
stage and discharge data. A straight line is fitted through

the plotted peints. The following parameters are obtained from

the plot
a = 950
b = 1,23
e = 155.6 mor (2.6 m above the zero of gauge)

Since the other stage and discharge data for different
years do not pertain to the site for which stage measurements
are available,

The cross section used is as shown in figure 20. Analysis
of this cross section of this site is done by a computer prog-
ram GEDA which takes geometric co-ordinates and the output of

2/3 etc. These

which include the hydraulic elements like R
were used to compute the conveyance. These conveyance as a
function of stage and also as a function of discharge are shown
graphically in figure 21. It can be seen from figure 21 that
the conveyance changes uniformly upto the height of 172 m or

so and it is ,therefore, expected that the stage and discharge
would also have similar behaviour upto this level assuming a

constant Manning'as 'n’'.
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C. Rating analysis
An equation of the following form is assumed:
0=a (G-e)?

where, 3
Q is the discharge in{(m”/sec.);

G is the stage in (m) above a datum = 153.0 m

a,e,b are coefficients defining the relationship

After the detailed analysis carried out on the daily
gauge and discharge data pertaining to the years 1978 and
1980, the following relationship is adopted.

Q = 605.099 (c-2.6)1°°4

The trial parameters worked out in the computation are

given in table 11 as an extract of the computer output.

Table 11 - Trial parameters for the Mortakka site

Trial No. Value of parameters Remarks
a b e
1 506.193 1.610 2.4
2 553.409 1.576 2.5
3 605.099 1.542 2.6 computer choice
4 661.727 1.507 2.7
PROFORMA
Site : Mortakka
River : Narmada

Type of data

Rating curve (graphical)
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Source : Irrigation Deott.,Bhopal M.P.
Year : 1979
Scale : Hor. km = 500 m3/sec
Ver. km = 0.5 m
Zero of gauge : 150.0 (datum)
Remark : The curve covers the range from

150.0 m to 167.0

Type of data : Cross section (graphical)

Year : 1979

Remarks : 1. The cross section is defined by
97 co-ordinates covering a width
of 920 m.

2. The lowest level is defined by
the co-ordinates 460 m,153,325 m.

The HFL is 173.69mand the road
level is 169.

4, The left and right overbanks are
not defined.
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7.6 Site : Mandleshwar

The gauging site Mandleshwar is situated at about 926
km from the source. The site is operated by CWC since 16.12.
1970. The zero of gauge as mentioned in various data supplied

are given below

Table 12 - Different zero of gauges at Mandleshwar

Year Zero of gauge{m) Source and remarks

1973 138.0 Hourly stage

1973 to 1978 128.0 Rating curves

1975 to 1980 138.0 Daily gauge and
discharge

For the purpose of establishing a rating curve the
cross sectional data pertaining to the year 1979 and the
observed daily gauge and discharge data pertaining to the
years 1975 to 1980 were used for analysis.

On the basis of geometrical informations provided in
the cross section pertaining to the year 1979 as shown in
figure 24 the convevance analysis was carried out. In this
connection GEDA program was used. The output from the program
which are hydraulic elements like Area,R2/3.1 These were used
to find conveyance. A plot is made as shown in figure 2 5
giving conveyance, as a function of sta ge and discharge as a

function of conveyance. It can be seen that conveyance vary

uniformly upto the stage of 155 m and hence it may be expected
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that the rating curve would also have similar behaviour upto

this elevation assuming that Manning's 'n' remains constant.
For the development of the relationship an equation

of the following general form is assumed:

Q=a (G—e)b
where,
Q is the discharge in (m3/S),
G is the stage elevation in (m) and ,
a,b,and e are the coefficients defining the relation.
The following are the details of the analysis carried
out:
A Physical analysis
Width (from the cross section).......ceeus . 600 m
(at channel portion)
Slope (obtained from longitudinal section.....0.00046
s1/2 e, ceeiess.0.0215
n s esaseresasnns csesas 0.32
a=1Lwst/? e ebeeneaaan veer..400.0
e=13.8.7 m or .7 m abo ve zero of gauge
b= 1.7 ( assuming a parabolic shape)
B Double log analysis

The stage elevations are reduced by 138.8 and observed
daily gauge and discharge data were plotted in a double log
sheet. It is observed that the plotted points showed different
patterns. The points below the stage 146 m formed a straight

line. The plotted point above 146 m of stage formed another

straight line.

59




23TS IemysaTpury Io3j abejs’‘sbreyostp Jo j07d Bol erqnog - 9z eanbrg

{S/.W) FIOYYHISIG
P o ¢ %

T VT T T 1 _-_-u\- L) 1 —-wqﬂﬁ_— 1 I

(W) 0-BEL=2

UVMHSITONVIN-3LIS

60

bt =]
[=]

e {W) 39VIS




The following coefficients are obtained from the
plot:
1) upto stage 146.0 m
a = 320 b = 1.938 and e = 138.8
2) Above stage 146.0
a= 500 b=1.763 and e = 139.0
Q computed by (1) and (2) for stage 146.0 m
14677.779 m3/sec

L o]
n

15448.198 m3/sec

0
0

0%-g'= 770.42 m3/sec

This is approximately 4.9% of error which is tolerable.

C Rating analysis

The daily gauge and discharge data pertaining to years
1975 to 1980 were used in this analysis. These data were
grouped in two, one containing stages less than or egual to
146.0 m and the other containing stages higher than 146.0 m.
For the first set 225 data pairs were used and in-the second
36 paris were used. The extract of the computer ocutput are as

follows:

Table 13 - Trial Parameters for the Mandleshwar site
(for stages upto 146.0 m)

Trial Run a b e Sum of squared Remarks
error
1 299.76 1.755 0.8 67543736
2 331.204 1.715 0.9 67525848 computer choice
choice
3 365.687 1.675 1.0 67526104
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Table 14 - Trial parameters for the Mandleshwar site

(For stages above 146.0 m).

Trial Run a b e Sum of squared Remarks
error

1 506.739 1.396 1.0 976356416 computer choice

2 528.819 1.384 1.1 976753024

3 551.803 1.372 1.2 977154304

The computer chosen set of parameters were selected
for final conversion since the physical and to deuble log
analysis are comparable with rating analysis.

For the purpose of comparison the rating curve supplied
(CWC) and presently established curves are plotted and shown
in figure 27. Both the curves do not differ much for stages
below 146.0 m however NIH curve tends to produce under estima-
ted discharge for high stages. This may need further studies.

The following relationship has been finally adopted
for stages equal to or less than 146.0or 8 m above zero of
gauge.

Q = 331.209 (G-0.9)1'715
where,

Q is discharge in m3/sec

G is stage ab ove zero of gauge

Site : Mandleshwar

River : Narmada
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I Type of data
Source
Year
Zero of gauge

Remark

II Type of data
Year

Remarks

Rating curve{graphical)
CWC Bhopal Division
1978

not shown

The range of stage covered in the
curve is 138.0 m to 153.0 m

Cross section (graphical)

1979

1. The cross section is defined by
4] co-ordinates covering a width

of 799.5 m

2. The lowest level is defined by
the co-ordinates 520 m,137.88 m.

3. Both left over bank and right
bank are not defined.
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7.7 Site : Garudeshwar
This gauging site Gardudeshwar is situated at about
1179 km from the source. The zero of gauge as found in the

data are given below:

Table 15 - Different zero of gauges at Garudeshwar

Year Zero of gauge Source and Remarks
(m)
1968 to 1980 12 Hourly stage Rating
Curve
1980
1975 10 -do-
1977 Supplied by NIC

For the development of rating curve the cross-section
data of the year 1978 was used. The daily gauge and discharge
for the vear 1977 with ZG = 10.0 m were used.

On the basis of physical information provided by the
river cross-section a conveyance analysis using GEDA érogramme
has been made. The output from this programme provides hydrau-
lic radius and other hydraulic elements as a function of depth
of flow (elevation) . The cross-section of river Narmada at
Garudeshwar has been plotted as shown in figure 28, and the
.stage elevation convéyance and discharge are plotted as indic-
ated in figure 29, It is seen from figure 29 that the convey-
ance changes at a uniform rate upto stage of 38.0 m or so and
it is,therefore, exepzcted that the rating curve would also
have similar behaviour upto this level assuming Manning's 'n’

remains the same.
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where,

An equation of the form

Q = a (G—e)b

Q is the discharge at the gauging site
G is the stage elevation
a,b,e are the parameters defining the relation

The details of analysis made are given below:

Physical verification

Width of the river =  ~———cemmmmmmo 500 m
(at the channel portion)
Slope §  ememmmmmmommmeme o 0001
sl/2 e e 3 |
n. mmemmememe e 0.02
a=1Lygl/2 = 250.0

n
e = 14.5 m ( effective bottom level)
b=1.7 ( assuming a parabolic shape)

Double Log Plot

Adopting a shift 13.7 m in the stage elevation,

(i.e. h =G-13.7) a plot is made of observed stage(h) and dis-

charge in double log as shown in figure 30. A straight line

has been fitted through these points. The value of cofficient

obtained are as follows:

a = 250
b =!1.66
e = 13.7
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C. Rating analysis,

The daily gauge and discharge data of the year 1977
were used for analysis. Least square technique is applied using
83 pairs of stage and discharge. The following are the relevant

computer results.

Table 16- Trial Parmaeters for the Garudeshwar site

Trial No. a b e Remarks

1 193.41 1.794 1.5

2 213.151 1.758 1.6 Computer chosen bhest
3 234.852 1.721 1.7

The computer chosen second set based on the minimum
error criterion is also comparable with the physical analysis,
double log analysis.

A comparison of rating curve used in NIH with the
‘rating curve (CWC) sﬁpplied as shown in figure 31. The CWC
curve is slightlf under estimating the discharge at higher stages
apprbximately above 22.0 m

The relationship finally adopted is the following:

Q = 250 (G—l.?O)l'66
where,

G is the stage above a datum
(12.0 m) and

Q is the discharge in m3/sec.
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Site

River

Type of data
Source

Year

Zero of gauge

Remark

Type of data
Year

Remark

e

Garudeshwar

Narmada

Rating curve ( graphical)
CWC western gauging division
1978

10.0 m

The range covered is from 10.0 m

to 34.0 m

Cross section ( graphical)

1979

l. The cross section is defined
65 co-ordinates covering 660 m
width.

2. The lowest level is defined by
the co-ordinates 480.0 m 12.483
m.

3. The left over bank and right

over bank are not defined.
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8.0 RESULTS

An equation of the form

g = a (G-e)b, where @ is the discharge, G is
the stage elevation, a,b,e are the parameters defining the
relation, has been used in the establishment stage and dis-
charge relationships in the main river sites. The following
is the table of parameters defining the relation between stage

'and discharge measured at the main river sites:

Table 17- Rating Parameters for the gauging sites
of the river Narmada

s1. Site Years Values of parameter Adopted

No. a b c datum(m)

1, Manot 1977,and 99.467 1.769 0.5 86
1978

2. Jamtara 1972 to 85.046 1.795 2.3 360
1977

3. Bermanghat 1973,1975 98.428 1.73 4.0 306
1976,1977

4. Hoshangabad 1972,1973 173.183 1.858 1.9 282
1978

5. Mortakka 1980 605.09 1.54 2.6 157

6. Mandleshwar 1975 to 331.209 1.715 0.9 138
1980

7. Garudeshwar 1977 250.0 1.66 1.7 12
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(a)

(b)

(¢)

CONCLUSIONS

The following information are extracted from the analysig
of the cross-section plotted on figure 2, The flow
section gradually increases from the upstram site Manot
upto Bermanghat. The section at Hoshangabad shows a
rapid increase in the section. The river has a

narrow section at Garudeshwar. It is understood that
the river again widens just after this site, from topo-
sheets. As the result of this typical feature, a large
flood incident at or upstream of Hoshangabad will be
temporarily stored and passed on to the downstream

site.

Comparison of conveyance is made approximately. The
reaches containing Mandleshwar and Hoshangabad can con-
vey large quality of flow than other sections. They
are also expected to have flatter rating curves than
other sections. For this analysis a constant Manning'

s 'n' is assumed.

The rating curves established at National Institute

of Hydrology compares very well with curves supplied by
CWC specially in the case of Mortakka, Garudeshwar,

and Mandleshwar. At the site Bermanghat a depth adiju-
stment will match the two curves well. In all other
sites except at Manot the curves agree reasonably well.
However, in view of the needed extrapolations the rat-

ing curves established through physical reasoning
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{d)

should be considered superior.

A general comment on the value of parameters computed

is important.

The parameter 'a' depends mostly on the width of the
river section. From the table it can be seen that
Mortakka takes a large value. Although the cross-
section at Hoshangabad is wider than Mortakka and
Garudeshwar the rating curve has lesser value of 'a'
than even Garudeshwar. This is because of the bed slop¢
which is the second important physical feature upon
which the parameter 'a' depends. The bed slope at

Hoshangabad is 0.00025 and whereas at Garudeshwar is

0.0001.

The parameter'b' depends on the shape of the section.
The table 17 shows fairly a constant value. Hence the
shape effect of the sections on the rating curve can be

taken to be same at all sections.

The parameter 'e' is related to a datum. Its magnitude

depends on the datum used.

In all the above analysis it is assumed that the cross-
sections at the gauging sites do not change considerabls

but remains constant.

Further the rating curves could be improved if the
information on the variation of roughness coefficients

{1ike the Manning's 'n') are available.
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APPENDIX I

Stage and Discharge Data used for developing rating
curves for gauging sites on Narmada River

Site : Manot

SI.No. Stage Discharge ~ §1.No. Stage Discharge
(m) m3/8) (m) (m>/s)

1 1.050 31.400 20 2.435 279.600
2 1.080 37.500 21 2.640 437.000
3 1.130 43.000 22 2.670 449.800
4 1.730 50.300 23 2.725 488.800
5 1.240 56.500 24 2.770 487.000
6 1.270 70.300 25 2.975 651.000
7 1.320 69.700 26 3,005 271.000
8 1.373 77.800 27 3.095 610.000
9 1.450 89.100 28 3.150 236.000
10 1.495 93.500 29 3,225 596.800
11 1.530 107.000 30 3.240 539.100
12 1.630 121.000 31 3.315 694.000
13 1.870 190. 000 32 3.440 741.600
14 1.990 204.000 33 3.585 745.000
15 2.000 208.000 34 3.805 878.000
16 2.110 213,000

17 2.800 272.000

18 2.300 300.800

19 2.325 312.300
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Site: Jamtara

a1. Stage

Discharge S1. Sta?e Discharge

NO. (m) (/) No. (m (m3/8)

1 364,975 50,300 29 366,418 11944 100
2 3654680 761,600 30 365,530 353.100
3 364,700 498,500 39 365, 258 544, 400
4 364,033 2661000 32 365, 645 756,900
5 364,192 299, 300 33 365, 628 701, 500
6 364,775 419,200 34 365,193 528,500
7 364,530 374,400 35 364,900 399,900
8 365, 640 841,300 36 369.910  3342,900
S 364,700 498, 500 37 3674300 1453,90°
10 364,185 218,100 38 367,578 5344 300
11 363,920 182,300 39 364, 545 3134300
12 363.705 132, 600 40 364,748 438,000
13 363,635 135,000 41 364,710 390, 360
14 372,600 6686, 100 42 363,870 155, 500
15 374,558 8569,900 43 364,720 406, 365
16 368,695 2400, 000 INA 364, 365 308,900
17 3664635 12934100 45 364125 228,500
18 565,835 752, 200 4o 365,513 749,500
19 364, 740 498,000 L7 365,773 939,900
20 365495 859,900 48 371,720  4762,500
21 366,625 1158, 300 49 367,150 1451, 600
22 365,643 868, 000 50 365,270 647,900
23 366,683 1192, 500 51 366,000 925,000
24 373,870 7669.800 52 375.080 8137, 300
25 381,815 21355,100 53 368,800 2207.100
26 3714165 4245,500 54 3664410 4050, B0O
27 368,593 2330,000 55 365.373 644, 400
28 367,643 1499,000 56 364,908 453, 300

Contd,..
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sT. Stage Discharge si. SE%?e Discharge
No. {m) (m3/8) No. (m~/S)
57 364,573 368,709 88 365,045 584, 20C
58 364, 420 336, 300 89 365,750 852,107
59 364, 335 377,000 90 366,830 1334, 500
60 364, 290 299, 800 91 367,145 1634, 800
61 364,365 344, 200 92 366,620 1241,700
62 365, 200 649, 500 93 365, 645 807.800
53 365,800 858, 000 94 366,100 967,500
64 3664610 1333,400 95 365,755 828, 700
65 372.000 5037. 500 96 365,963 904, 500
66 369,470 2850,000 97 368,635 2416, 500
67 366.710 1219,000 98 367,480 1786, 100
68 366, 250 1037, 500 99 364,503 3794300
69 368,835 2257,700 100 364,415 246,900
70 371,430 4898,700 101 364L.300 301,100
71 372,285 5396, 000 102 364,120 227,300
72 371.035 3907, 200 103 364,620 282, 500
73 380. 510 13715, 300 104 364,053 284,000
74 371,900 4,682,700 105 363,818 160, 800
75 367,250 1458, 800 106 364,828 490, 600
76 366, 525 1088, 600 107 366,510 1006, 210
77 365,878 813,800 108 370.515 35064900
78 376,000 8357, 300 109 365,745 890, 600
79 377, 690 3852, 700 110 370, 253 4038, 400
80 369,907 30%9, 820 114 365,940 1400, 000
81 368,135 1971,50° 112 356, 265 1025, 000
82 367.155 1433, 500 11% 369, 670 3200, 500
83 366, 630 1173, 200 114 368,825 2580, 000
84 365,970 896, 300 115 380,725 13756, 600
85 365. 560 £87.20C 116 372,745 5620.000
B6 365,450 5734 300 117 369, 360 2644, 100
87 365,808 843,000 118 367.765 1860, 000
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51. Stage Discharge sl. Stage Discharge
No. (m) (m3/8) No . (m) (m3/8)
119 366,665 1066,900 149 3674770 1636,400
120 366,008 860,000 150 368,520 2073.,400
121 365,645 703,900 151 368,638 2236.700
122 365,455 €63, 500 152 366,655 1229,600
123 366,060 1065.900 153 366,878 1355,500
124 365,992 824,100 154 3664470 1157,.,900
125 364,838 388, 400 155 370,18 3365,000
126 364,590 319,900 156 372. 245 5300, 000
127 364,505 219,800 157 380,413 14574, 800
128 364,408 242,100 158 377.813 10451, 6000
129 364, 268 219,200 159 370,665 3775:000
130 334,338 222,400 160 268,713 2230, 300
131 365.163 549,800 161 366,850 1183, 600
132 364,820 388, 300 162 366,938 1249, 500
133 364,343 230. 600 163 366,188 905,700
134 356,865 1414, 500 164 368,635 2352, 60"
135 377,350 3584, 100 165 365, 595 1128, 400
136 372,000 4825, 500 166 366,838 1264, 500
137 367.765 1752, 800 167 266 . 420 1095, 800
138 365.945 904,700 168 366, 283 1025, 500
139 369,630 2950.000 169 366,125 $982.100
140 369,120 2751.300 170 368,348 2075.000
14 367.195 1562, 400 174 368,980 2401,100
142 365,598 768, 000 172 366,178 880, 800
143 365,576 746,500 73 365,820 768, 200
144 365, 250 672,000 174 366,410 1028, 700
145 365,875 1021, .00 175 366,925 1225.300
146 368, 643 2342,900 176 367.443 1523,800
147 373,990 £808,000 177 365,953 917.300
148 370,980 4163, 500 178 365,000 510,400
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ST.No. Stage - Discharge S1.No. S%;?e DJ(.rsngl}gl)fge
{m) (m3/5) -
179 366.008 928, 600 211 365, 580 700,000
180 366,010 949, 200 212 365, 639 7534200
184 365,233 630. 200 213 365,903 955,403
182 365:358 7135800 214 369:725 2825, 200
183 364,865 344, 500 215 367,171 1591, 600
184 364, 455 356, 400 216 %66, 185 1052; 600
185 368,115 2515, 300 217 366,498 1476 200
186 367,445 1673, 400 218 3664815 134,90
187 356,305 967, 200 219 365,930 877, 00
188 365,095 574,100 220 366, 550 1393, 700
189 364,703 "33, 000 221 370,780 3678, 107
190 364,943 547,900 222 370,260  3573,00
191 366,275 980,400 223 375,205 9099, 402
192 367,170 1432,700 224 572,010 4825,000
193 367.300 1556, 200 225 366,720 2201, 000
194 366,185 941,400 226 368,740 2271, 4000
195 365,720 841,400 227 369,373 2548. 500
196 367,540 1675, 000 220 367,750  1593,700
167 360,143 2107, 600 229 366.720 1321, 300
196 366,405 1079, 300 230 371140 4000, 000
199 365,833 B50,100 231 367,470 1378, 300
200 365.530 799.100 232 366,295 986,400
2014 366,083 883, 800 233 365,705 680, 600
202 360,523 2105.100 234 365,400 594, 600
203 366,690 1170, 400 235 365,720 821,700
204 370,880 4104,000 236 366,345 1184,100
205 369, 200 2589, 600 237 366,500 1264, 600
206 367,000 1266,000 238 366, 400 078, 600
207 365, 545 674, 000 239 365,850 320 00
208 370, 650 3645, 200 ) 359.975  3041.30
209 366,773 1352,700 241 367,385  158£,000
210 366,120 1057,000 242 363,890 1578, 000
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Stage Discharge

$l.No. (m? (3789 9
243 365,865 1386, 000
244 366,235 930, 000
245 367.275 1623, 200
246 366,315 1000,00
247 366,088 900.00
245 365,495 622,700
249 364,975 400,300
250 364,755 440,600
251 364,675 400,00
252 364,695 426,300
253 3634415 2413,00
254 369. 114 2609,00
255 366,925 1383,900
256 366,045 900,00
257 365,263 612,100
250 364,900 400, 000
259 364,525 556, 500
260 36:,, 545 370.000
261 364,470 368, 300
262 365.100 583, 300
263 364,995 56 2. 500
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Site : BzRIANGHAT

S.No.. ?;?ge ?;%fg:ﬁ?f S.No. Sf: e D%;%??;ﬁf)
1. 312,885 682,400 31, 312.520 402,50
2, 312,785 646,300 32, 312,750 423,10
3. 313.350 810,900 33. 312,315 433,30
4, 312.510 534, 200 34, 311.960 137.40
5. 312,775 628. 300 35. 312,437 390, 40
6. 314, 500 1531, 000 36, 312,305 248, 30
7. 318,270 3823, 000 37. 314.822 122,300
8. 314,640 1532,700 38, 312,300 197, 200
Q. 312,875 758,500 39. 312.637 360, 200
10, 315.842 2328,700 40, 313,837 993,900
11. 312.320 2255.100 b1, 313,867 1050, 000
12. 314,980 1697, 00 42. 312,910 781,700
13, 315,720 846,900 43, 312,202 175,000
14, 320,000 4763,000 hy, 312,632 381,900
15. 325.725 10450, 000 45, 312 . 457 384 ., 700
16, 330,455 19958, 199 46. 312,272 246, 200
17.. 317,660 3759.100 47, 312,475 396,100
18. 314, 525 1333.800 48, 312,792 467,700
19. 313.412 458, 400 49, 314, 580 1264.700
20, 312.835 674,800 50 313, 540 1867, 500
21, 322.610 7100,000 51, 313.130 899.10
22. 325,017 278,00 52. 312,275 248,30
23, 319.525 4550,00 53. 312.12 168,20
24, 316.650 2348,00 5l 312,285 220,40
25, 315,035 1406, 200 55. 311,800 78.000
2. 314,037 1237.600 56, 315.818 2114,600
27, 313,235 898,600 57. 320,020 5783, 300
28, 312,720 659,500 58, 321,825 6947,000
29, 312,310 325, 200 59, 316,760 2336,300
30. 312,402 343,600 60, 314,049 1035, 400
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SNo, S(?n?ae 1?“11-3!}?51)'131‘ ge S.No. E‘(x !;:)age ]():rjff'% t)'tar ge
&1 316, 630 2656, 000 91 314,310 1640,00
62 314,938 1655, 400 92 312,97C 77700
63 313,310 825,000 93 12,158 373,50
64 313,325 837,007 94 312,750 700,00
65 313, 305 820, CX0 95 313, 462 1317.92°
66 314,575 1679, 4o 96 313,21: 941,107
67 316,680 2291, 3CC o 312,400 595,707
68 315,473 2113, 620 96 315,445 2374,30°
&9 325,775 11493, 600 99 313,490 978,120
70 320.425 500w, 00 100 312,438 Ly, 200
71 317,755 3425,00 101 312,045 879,00
72 315,503 2116, 600 102 313,980  1345,200
73 315,625 2278,800 103 312,983 873,800
74 34, 440 1242, 500 14 312,113 444,900
75 313,735 769,300 105 312,670 677932
75 313,710 014, 2C0 126 313,003 867,009
77 314,983 1543, 100 17 312,900 729,720
73 314, 270 1275400 108 312,090 345, 200
79 313,740 324,400 109 315.120  2061,800
8o 313,303 6994400 110 314,005  1409,60%
81 313,145 540, 000 111 313,043 099,100
oz 313.668 T75:500 112 312,283 414, 60C
83 315,543 1825,770 113 312,000 3184 20¢
84 314,655 1253,100 114 312,330 L34, 600
B5 313,090 728,00 115 312,018 403,600
B6 313,090 708,00 116 312,069 340,07
87 317,585 1511, 20° 117 312,455 563,107
g8 343,875 998, 60¢ 119 313,875  1493,10°
B9 313,675 1007.902 119 319,163  3452,9°°
90 312,140 197,300 12° 313,443 1157. 61
Contd,..
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ST Stage (W) Discharge m3/5)  SI.No. State(m) Pscharge TVS)

121 312,170 440,100 152 316, 610 1969,00

122 312,345 555. 300 153 313,603 765,00

123 312,718 803, 400 154 313,840 1467, 200
124 311,985 372,500 155 318,435 4183, 600
125 313,873 1200,00 156 318,130 3525,00

126 31%,133 1440, 100 157 315,410 1600, 500
127 312,633 1160,00 158 314,458 1276, 500
128 342, 600 671.700 159 313,940 1354, 400
129 311,818 311.900 160 315,395 1776, 600
130 312,175 685, 40O 161 314,025 1083, 900
131 313,300 1342.00 162 314,065 903,00

132 313.190 1280.700 163 313.313  1102.00

133 312,268 618,700 164 312,940 866.100
154 318, 200 392,700 165 312,220 449.000
135 348,603 3912, 400 166 312,003 262.000
136  321,0%0 6199.300 167 312,028 315,100
137 326,838  12755,200 168 315.450  1797.900
138 320,625 5525,000 - 169 314,968 1309, 200
139 316,485 2243, 200 170 313,395 875,000
140 318,123 4130, 200 171 312,550 520,900
141 317, 350 2753, 600 172 311,930 350,00

149 315,705 2051, 700 173 315,900 1490, 00

143 317,435 3075,00 174 315,138  1857,00

144 316,950 2780, 00 175 314,175 41554, 500
145 314,040 979,700 176 313,455 1043, 300
146 312,870 1306.700 177 312,675 584,500
147 312,320 746,900 178 312,075 373,000
148 311,905 566,00

149 314,938 1792.00

150 313,965 959,700

151 312,050 375.00
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Site: Hoshangabad

: - Stage Discharge
T She MEERE L @ @
1 2374840 2337, 600 31 205,050 314,300
2 207,415 1767, 500 32 285,010 300,400
3 207,000 1350,300 33 235.13) 225,30
4 207.603 1117, 200 34 205,160 265,600
5 206,460  1013,300 55 286,123 491,600
6 206, 273 755.400 35 205,050 4444800
7 206,120 739.900 37 209,046 3499, 300
o 205,995 665,000 30 290,135  4503,200
9 205,003 570,700 39 206,705 1277,100
10 285,013 502,800 40 287,550 1066,900
11 205,830 554,900 41 209,340 4080,000
12 285,930 597, 400 42 292,435 8345, 000
13 286,050 664,750 43 29C, 130 5278, 00
14 205,925 586. 200 44 289, 10C 3535.300
15 285,720 457,400 45 289, 240 5369.000
16 283, f00 465,000 S 299,82 6069, 220
17 285,508 384,100 47 203,74 3597,20
18 285,439 321,400 48 296,717 19574,10
19 265, 400 74,8 49 289, 575 U554, 40
20 285, 360 209. 400 50 287,767 2020400
21 205, - 51 287,393 1921, 200
22 285,420 355,700 52 206.913  1420,700
23 205,305 305,600 53 206,610  4032,10u
24 20354 230 253, 600 54 206,063 819,400
25 265, 255 248,400 5% 285,990 762,900
26 205.415  306.9 56 205,860 647,600
27 205,330 312,800 57 205,705 631,90
20 2854179 375100 53 205,018 684,100
2 265,130 340, 200 59 205,005 679,600
30 205,095 306, 00 60 286, 243 1130, 600
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. 18C . i
S a7 R S il

64 286,750  1283.,900 91 287,510  2460,200
62 286,860 1480, 600 92  2B87.400 2921,700
63 287,843  2549,500 93 287,313 2894,100
64 287,430 1902, 800 94 286,710  1158,100
65 286,990 1539, 500 95 287,028  1469.900
66 290.310  5680,900 96 288,370 2358,800
67 290,500 5696, 100 97 288.435  2577:000
68 289, 270 3068, 600 98 288,290  2435,300
69 287,645 2237.900 99 287,630  1940,400
70 237,820 2291, 300 100 287,033  1391,100
71 288,770 4389,900 101 286.860 1174300
72 250,220 4972, 300 102 286,860  195.160

73 288, 600 3958, 700 103 286,715  1160,500
74 288,585 3942,900 104 286,790 1268, 200
75 291. 407 7039,100 105 286,955 1378,1™"
76 290,410 5354, 600 106 288,095  2517.800
77 289.755 173,800 107 287,480  1785,900
78 289.368  4109,000 108 287,090 1516,100
79 292,650 12024,600 109 286,780 1219,300
80 300.535  31463.000 110 286,485  §i7,900
81 2895703  4450,000 1M1 286,530 518,700
82 289,935 5004, 500 112 286,330 730,600
83 295,943  17203,199 113 286,175 722,300
84 289,73 4564,800 114 286,130 782,500
85 288,425  3552,300 115 286,055 599,100
86 287.%835  2770.70 116  285.797  455i100
87 287,490 2856 ;100 147 285,730 50%,700
88 287.358 2054100 118 285,577 437,200
89 287.% 35 572,90 119 285,515 454,200
90 287.25¢; 2607,000 120 285,455 384,400

Contd,..
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Sl.No. Stage(m) Discharge(m3/S) Sl.No. Stage(m) Discharge (m3/S)

121 285.385

122
123
124
125
126
127
128
129
130
131
132
123
134
135
136
137
138
139
140
141
142
143
144
45
146
147
148
149
150

285;315
285, 265
285, 225
285,175
285,175
285,375
285,495
285,440
285.565
285, 600
285.490
285,305
285,190
285,09

285,035
285,447
285,899
285,775
285, 665
285,650
285, 602
285,090
285, 630
288,800
288, 237
266, 880
287,825
288,400
288,775

358,100
339,600
331, 600
325,100
249, 300
253,300
294, 800
359,400
232,800
347,800
431,500
3700 900

187.4
201,200
357900
645,800
6464400
557.90
6’-&7! 200
545,300
312.50C
573:300
3268,800
2778,900
1501, 400
2357,300
2386,400
35774600

151
152
153
154
155
156
157
158
159
160

289,820
289,870
289,175
283, 845
289, 203
289,350
289,07
287, 500
286,770
286,110

I~-12/20

588, 000
6074, 800
4iyt4, 200
2875, 770
4964, 400
3113.500
4639, 202
2208,920
1915, 100
1240, 500



Site:Mortakka
sl.No. Stage(m) Discharge(m’/S) Sl.No. Stage{m) Discharge(m3/S)

1 157,180 1195, 000 26 122,310 100944, 420
2 157,750 1962,000 27 165, 380 20579.711
3 160,750  7378.530 28 166,500 255574320
'l 160,040 5856, 656 29 162,700 11787, 540
5 158, 250 2768.710 30 160,800 7600,470
6 158, 180 2644,300 31 159,680 5342,760
7 158.790 5516, 482 32 160,020 59-2,370
8 159, 580 5259, 370 33 160.320 6749,950
9 160, 240 6330. 200 34 158, 566 3211.930
10 159,800 5561, 139 35 159,700 5285, 050
11 160,170 6284,303 36 160, 220 6439,160
12 161,920 9550,320 37 161.620 9493, 417
13 160,820 7601.430 38 159.970 5890, 396
14 159,550 5130,770 39 159, 550 5C67,780
15 158, 360 2878,960 40 159,590 E221,400
16 160,150 6163.320 41 158, 940 3927.787
17 159,8M0 5556.830 42 165,870 22464, 490
18 158,92C 3828, 940 43 165, 650 21477,930
19 166, 300 24437,061 4 163,330 13891, 240
20 164, 260  16494,930 45 160,970 7935, 030
21 160,950  7914.650 L€ 160,140 627 . 378
22 159. 650 5546, 410 L7 159, 270 4677,980
23 158, 800 3697.490 48 159. 960 5882, 345
24 163.380  14526,350 49 160,830 7576, 232
25 165,230  19835,529 50 159,740 S474,500
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Site:Mandelshwar (Set 1)

S1.No.Stage (my Di scharge (m?’/ 3)

S1.No. Stage(m) Discharge (m3/S)
1 147, 505 13559, 20 21 147, 2200 1h205;00
2 148, 250 16400,00 22 150,100 2£:844,00
3 147,310 13120, 20 23 147,308 13398,30
4 147, 558 13942,70 24 149,980 24352,30
5 147,433 13232, 20 25 145,180 19185, 30
6 146,000 10040,00 26 147,573 13367,80
7 152, 685 32213.60 27 149,188  2146,70
S 148,039 18450,00 28 146,455 11871.10
9 147,073 12927,90 29 150,578 27306,90
10 147,305 11735, 60 30 150,575 271373.50
19 146,750 12014,30 31 146,460 12312.70
12 147, 10C 12735.40 32 146,645 13757.72
13 149,940 2:..300,60 33 151,600 32084,29
14 143,155 14459, 70 34 148,118 17305,82
15 147.955 17000.00 35 147,040 14300, 00
16 146, 350 11500, 00 36 149,750 218437
17 147,730 16379, 50
16 148, 683 19863, 30
19 143, 323 17373,10
20 147,185 13495,00
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Set 2
; g 3
31.No. Stage(m) Discharge (m3/S} Sl.No. Stage(m) Discharge(m /S)

1 142,293 2509, 600 31 1424228 | 23634100

2 142, 243 2480,000 32 143, 560 L6824 300

3 142,948 3061, 100 33 142,768 3140, 200

4 142,560 27264700 34 143,433 43784000

5 142,164 2592, 100 35 142,480 2854, 800

6 143,409 4922,000 36 144,865  7B53,400

7 142,523 2826,000 37 145,910  9220,100

B8 142, 283 2520, 000 38 145, 105 7031,000

9 143, 590 4711,000 39 143,670  4345,800

10 142,335 2600, 000 40 142,865 3152, 30N
11 142,083 2273, 800 4 142,358 2455, 300
12 142,983 2245, 500 42 141,915 2055, 000
13 143,367 4150, 000 43 141,900 2027,400
14 145,830 8989, 800 Ly 141,905  2011,000
15 143,784 5558, 000 45 142,628  3044,000
16 143,768 4609, 400 46 142,035 2183, 200
17 104,943 7145,700 47 141,843 2001,100
18 145,315 8050400° 4R 142,458 2592,700
19 144, 665 6702,800 142,345 2459,000
20 143,300 3786, 500 50 142; 623 2829,800
21 144,795 7217.300 51 142,445  2550,000
22 14k, 660 6618, 300 52 142,490 2600,000
23 144,203 5591, 500 53 144, 308 5453, 500
24 145,378 8450, 600 54 144,200  5513,800
25 145,039 7980, 100 55 143,070 379,400
26 142,716 3366, 600 56 143,113 3301,.800
27 141,994 2309, 500 57 145,770 8916; 300
28 142,215 2348, 600 58 145,228 7992, 400
144, 740 6600,00 59 143,885  4831,500

30 142,873 3182,300 60 144,318 5807200

Contd..,.
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51.No. Stage (m) Discharge(m3/s) Sl.No. Stage(m) Discharge(m3/ s}

e

61 MU3,450 4218,100 a2 1644335 €965.100

62 143,903 4964, 000 93 144,575 6675, 500
63 143,893  5005,400 o4 144,403 6365, 200
€4 143,305 0121, 400 95 143,803 4871, 000
£5 143,155 36416, 200 95 143,695 4630, 890
66 143,178  3616,100 97 143,745 4651, 200
67 145,115 7444, 300 98 142,825 3404, 200
68 144,530 6173, 000 S9 141,820 2016,800
69 143,488 4326, 200 100 144,693 7028, 600
70 143,075 3689, 000 101 1444733 7242,800
71 142,713 2940, 500 102 145,420 9398, 300
72 142,500 2565, 800 103 145, 645 9443, 200
73 142,393 2569,700 04 144,765 7157,000
7h 145,435  7519,500 105 144,330 6382, 000
75 5,243  8208,900 106 143,330 4510.000
76 143,725  4684,000 107 142,790 3493, 200
77 152,673 747,600 108 142,485 253,000
78 144,330  5911.700 109 142, 200 2502,900
79 143,560 4389.700 110 145,163 8223.000
80 142,625 2925 000 111 145,555 4490, 600
81 141,990  2119,700 112 142,858 3431,700
82 142,625 3045, 500 113 142,438 2878, 500
83 142,273 2453,900 114 142,030 2238,90"
84 142,150  2421,100 115 143,135 4063, 600
85 142,718 343,400 116 142,620 3289, 000
86 142,855 3 53,000 117 142, 240 2590, 500
87 142,338  2587,400 110 141,990 2302, 000
88 142,275  2517,500 110 144,743 7403, 300
89 142,118 2215,1™ 120 144,215 6507, 200
90 144,428 6136,900 121 142, 288 2749, 800
91 145,885  9432,00 122 142,018 2534,600
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Sl.No. Stage(m) Discharge (m3/ Sy sl.No. Stage(m) Discharge (m3/5)

123 142,460 2386, 500 155 142,815 3506, 100

124 144,520 7108,700 156 142,543 2960, 100

125 143,813 5389,400 157 142,345 2660, 100
136 143,918 5742,700 159 143,520 4787, 200
127 144,480 7127, 000 159 145,028 7940, 700
128 144,140 6329, 300 160 144, 220 6201,800
129 143,595 5178.900 161 143,430 4505, 200
130 144, 268 6409, 100 162 142,850 IX46, 600
131 145,085 7993.400 163 142,480 2859,700
132 143,845 5167, 400 164 142,688 3302.700
133 142,878 3495, 300 1€5 142,425 2914,500
134 142,400 2846.300 165 142, 268 2679, 200
135 141,980 213%2,700 167 142,145 2365,900
135 142,005 2456, 600 158 141,935 2132, 200
137 144,073 5665, 700 169 144,688 1925,700
138 143,060 3967, 200 179 142,568 287", 800
139 143, 605 3164. 200 171 142,597 2799,701
140 147,225 2414, 500 172 142,330 2504, 10
141 14,983 2324, 800 173 144,060 5500.000
142 142,010 2415, 200 174 143,530 4500, 000
143 144,363 6077.100 175 142,330 2340, 630
144 144,073 5571, 700 176 142, 260 2591.430
145 143,573 4346, 300 177 14, 745 7494, 320
146 143,168 3847.300 178 144,175 5396,170
147 143,130 3861, 800 179 142, 605 2948, 480
148 143,038 37874500 160 141,925 2202,499
149 142,593 %022,800 181 144, 630 6815, 260
150 142,400 2700,000 182 142,330 4243,710
151 142,318 2686, 200 183 142,655 3000, 00

152 145,183 8913,900 104 142,090 2732,150
153 143,893 5274.700 185 144,435 6978.110
154 143, 230 4130, 500 186 144, 510 7068.360

I-17/20




ST, Sta ‘Discharge  Sl.  Stace s
No. (m {m3/8) No. (m) (m:

187 143,250 +600,000 219 142,470 L455,980
183 141,870 219%. 560 22 41,815 3758,604
189 143,070 Z77C.954 221 141,815 2052, 645
190 143,265 3750.958 222 141,900 2802, 200
191 143,322 3723.426 223 41,712 2550,000
192 142,172 3000.,00 224 142,240 3673, 403
193 144, 687 2346,082 225 142,412 2910, 227
194 142,223 2200,00 226 142,157 23T7.330
195 141,876 2000, 00

196 142,532 3600, 00

197 142,900 3102.993

198 143,457 6072.030

199 143,455 5119.192

203 143,125 4749,190

201 142,935 3700,00

202 145,295 6£99.902

203 143,635 6394 ,433

204 144,465 wSirag Uy

205 145,616 9927.523

206 144,325 7017.327

207 143,800 5824; 280

208 143:797 5000, 000

209 143,000 4927.813

2150 142, 495 3953, 804

211 142,120 3000,00

212 142,032 302,00

213 143,527 L4600, 0.

214 143,100 LGUs, 00

215 143, 295 4600,00

215 143,145 4600,00

217 142,925 4600, 00

215 143,001 3852,986
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Site:Garudeshwar 3 '
<T-No. Stage(m  Discharge(m/S) Sl.No. Stage(m) Discharge (m3/3)

1. 12,470 2213.00 22, '17.30 1941, 20
2. 22,040 8700,00 23, 11,00 1876.10
3. 22, 540 9995, 50 24, 16,68 1610, 10
4, 21,020 7468, 60 25. 16,34 1407, 30
5. 17,500 2350, 00 26, 16. 21 1188,30
6, 17.630 2480, 00 7. 25,61 16845, 00
7. 17.270 2117.30 28, 24,Th 14950, 00
8. 20,460 6150, 0 2, 20,71 6461,90
9. 19,550 4840, 60 30. 21,19 7485,90
10, 18,410 3231.10 31. 20,77 6709. 50
11, 17.100 1900, 00 32, 20,03 5709.90
12, 16,900 2044, 90 33. 20,00 5696.80
13, 16,860 1569, 20 34, 19.93 5279.30
14, 16.850 1663, 30 35. 18,88 3732, 20
15, 16,740 1514, 60 36, 17.89 867,90
16. 16,430 1376.80 37. 17.52 2481.8

17. 16. 200 1247.80 38. 17.30 2103.1

18, 17.140 1875, 00 39, 17,02 1884,0

19, 18,20 3150, 00 40, 16,65 1486, 10
20, 17.73 2600,00 W, 16,64 1451,80
21. 17.49 2221, 40 42, 21,14 7150, 00
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sI.No. Stage(m) Discharge (m3/5) S1.No. Stage(m) Discharge (m3/S)
43 24,130 13741, 600 66 164320 1351, 700
44 23,560 11738, 700 67 16, 200 1123, 505
45 22,040 8682,700 60 16,150 1084,800
46 22,300 9640,700 69 16, 210 1192, 300
47 22,950 10556, 100 70 16. 660 1552, 500
48 20,810 15100,000 71 16,612 1476, 600
49 20,350 6171.700 72 16, 590 1443, 400
50 10,4 540 3447, 500 73 19,000 3974,600
51 18,190 3082,900 T4 13,480 3370.000
52 17,710 2572, 200 75 18,000 2061, 100
53 17.520 .2273.500 76 17,500 2453,700
54 23,890 13782,900 77 17,230 2051,100
55 21,590 8489, 200 78 16,640 1463, 600
56 19,050 4328, 500 79 16,510 1394, 100
57 18,550 3652,900 80 16,380 1154, 500
58 18,280 3417,507 81 16, 300 1134, 500
59 17.770 2854, 600 82 16, 240 1115,20°
60 17,480 ésﬁo.ooo a3 16, 16C 1036,0C0
61 174250 2163, 000

62 17,020 2028,500

63 16,050 1609, 400

64 16,700 1546, 00

65 16,550 1342, 500
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