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PREFACE

The state of J & K is hlegsed with ahundant water resources
from both rain and snowmelt fed rivers. These rivers often bring
floods and miserv., Therefore the river hydraulics/ hydrology need
to bhe understood properly before undertaking fleood protection
measures. Ever since the estahlishment of the Western Himalayan
Regional Centre of the National Institute of Hydrology, the
seientists of the centre have heen closely interacting with the
senior officers of various departments in the state, on hydrolog-
ical problems,

The Tawi river in the Jammu region of the state is also
rrone to floads in the Monsoon season, During Sep 1988, an un-
precedented flood estimated at 12000 cumecgs (4.2 1lac cusecsa)
passed through Jammu, breaching and overtopping the right bank
upstream of city briddge, submerdging low lying areas in the old
city and causing extensive damage to life and property. In the
present study, the flood affected reach of about 1.5 Km near the
hridge site was selected to analyse the river hydraulies, esti-
mate the flood (1988), its profile and flood plain wusing HEC-2
model of the US Army Corps of Engineers USA), A model developed
rating curve at the bridee (GD site of CWC) is presented. Channel
improvement methods using the model are also suggested to contain
the flond in general.

The report was prepared by Sh 8§ V.N Rao, Secientist €, under
the guidance of fJr, K S Ramasastri, Sc F and Coordinator. §h
Puran Singh, and Sh V K Agrawal, Research Assistants helped in
the study.

Director
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ABSTRACT

The low lving areas on the right bank of river Tawi {Chenabh
river svstem! upstream of bridge site at Jammu have been often
affected by floods. Existing protection works are not adequate to
accommaodate the flnods of magnitude of Sep 1988 estimated at
12000 cumece (4.2 lac cusecs) ar 100 vear flood (design capacity
of hridge) which is 9600 cumecs {3.4 lac cusecs). Water surface
profiles using recent rross section data along a reach of 1.5 Kms
near the bridee site at Jammu were computed using the model. The
model  capabilitv for design of protective works such as embank-
ments, levees, flood walls is illustrated. Channel improvement
tn confine the flondwaters to the river channel are suggested.
Model developed rating curve at the gauge site (Jammu bridge) is

also presented.
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1.0 INTRODUCTION

River Tawi is one of the major tributaries of the river
Chenah in the Sivaliks of the Himalavas, The river with a catch-
ment of over 2000 sakms, flowe through the city of Jammu for
nearlv 2 Kms. A larde part of the catchment is either dedraded or
harren {(Jain, 1992} resultineg in floods laden with heavy loads of
sediment/ debhris that rause extensive damage in the flood plains
alang the banks of the river. During Sep 1988 an estimated flood
nf 4.6 lac cusers passed through the bridge at Jammu almost
tourching the bottom of the hridee deck endangdering the structure
and causing extensive damade to life and property of the inhabi-
tants along hnath the bhanks and/in the low lving areas with in the

citv.

In the present studv HEC-2 model of the US Army Corps of
Endineers, (1990) is utilised to studv the hvdraulics of the
river and simulate the profiles of a 100 vr flond and an unprece-
dented flonod durineg Sept 1988 alond a reach near Jammu, estimate
their fleood plains and sudgest channel improvement measures to
contain the flood, hesides ensurine the bridde safety. The model
heing versatile offers several options to help in the design of
protective works for effective flood contrel and flood manage-
ment. A model developed rating curve far the contrel structure
{bridee gite) presently maintained hv CWC Jammu is also present-

ed.



2.0 REVIEW

Our current Knowledde of river hvdraulics is largely based
on the theory of uniform flow and Manning's equation. River
streamg with gradual change in depth and velocity (i.e on rela-
tively flat ¢gradients) may however be analvsed numerically. The
annrrey  equation is applierd tn a differential contral volume and
the resulting equation relates chande in depth to distance along
the flow path. Thus a nonuniferm flow prohlem is assumed to he
approximated by a series of uniform flow segments. This is gener-
ally referred as the standard step or the backwater curve method
used by most numerical models including the HEC-2. Other similar
models for profile computations include stepbackwater model J635

{Sherman, 1987) and SCS's WSP2 {19768) etc.

Most step backwater flow modelling procedures require input
parameters of enerev loss coefficients, stade and discharge. The
initial stage choice is of little consequence, since profiles
generated at equal discharde will converge after a few computed
steps. Mnreover several studies have demonstrated that step
hackwater flow modelling of relatively deep, rare flond is re-
markahly insensitive to reasonable errors in estimating either
Mannings N or the expansion/ contraction coefficients {Dawdy and

Moteved, 1978),

Jarret and Malde (1987) used the hackwater computation
techniqgque to estimate the paleo fland and fleond plain at Bonne-

ville fload, of the Snake river, Idaho (USA). Mishra and Ramasas-
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Matural stream profile can not have a constant energy gradi-
ent along the rearh, This is due to changes in cross section and
roughtiees «haaracteriatirs »of the underlying bad material. The
mofile miy bhe Jiagranmatically represaented for wvarious flood
magnitirdee as i Fig 1 {(after 3 ant, 1892). The Mannings coeffi-
cient Tor var ious bed conditiong have been discussed at length by
Chou {1'aR3), Duly ymple and Banson (1967), Barnes (1967) and
Alridage anrd ﬂ;wvet (1973, S2varal tesearchers have also tried to
retate Bad ater inl partinle itz digstribution with Mannings N
Aved abther Lol aulie b acte istics (Thotne and  Zevenberger,

FARRY, Jarral (1890 et Frtencive research work in  this




direction has been carried out hy Jarret (1984, 1987, 1990) of
the USGS on natural streams in USA., He found that Mannings n
varies inversely with depth and directly with slope and that flow
conditions were suhecritical even in steep hed slopes (upto 0.02),
He established a relation between hvdraulie radius, energy slope
and  Mannings 'n’. Dobbie & Wolf (1953) and Jarret (1987) recom-
mended critical depth method rather than slope area method for
peak flood estimation at sections where critical depth would have
most likely ocecurred. Critical sites could be relatively deep

constricted sites such as bridees or aother control structures,



3.0 THEORETICAL BASIS OF HEC-2 MODEL
3.1 General:

The flood profile of a given recurrence interval is obtained
hy the solution of one dimensional energy equation. The details

are explained in HEC-2 users manual (1990a}, Bedient (1989},
3.2 Equation for basic profile calculation:

The following equations are solved iteratively, by assumins
starting condition of subecritical {(or supercritical) flow for

upstream {(subscript 1) and downstream {(subscript 2} sections.

z
ws, t+ K Vs = \m)sl'f"(t.vll—i-hﬁ

=T T

* 1
- A,V AV
\ ) ks$+C\_:__L—___.‘" (2)
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Where,
W3 WS, = Water surface elevations at ends of reach
Vi V= Mean velocities (total discharge/ total flow

area) at ends of reach,

d{‘ , %4 = Velocity coefficients for flow at ends of reach,

g = gravitational constant,

h = Enerev head loss,

L = Discharve weighted reach length

E%_ = representative friction slope for reach,



C = Expansion or cantraction loss coefficient.

The discharge weighted reach length L is computed by weight
lengths is the left overbank, channel and right overbank with
their respective flows at the end of the reach. A representative
friction in HEC-2 is usually expressed as follows, although
alternative equations can he used;

LR R A N (3’
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where K and K and @ and © represent the conveyvance and dis-
charge at the beginning and end of reach, Conveyance is defined
from Manning's equation as
K = 1/N % 4 RZ/3 veesrrareses (4)
Where,

K = Convevance or Hydrauliec capacity

N = Manning's Coefficient
A = Crnss sectional area
R = Hvdraulir radius,

The total convevance for a cross section is obtained by
summing the convevance from the left and right overbanks and the
channel. The velvocity coefficient is obtained from the equa-

tien: 2

0< = —-——— ———"':"' ————— + "";_—" RN (5‘



Where the subscript T is fer cross sectinnal total, LOB is for
left overhank CH is for channel. and ROBR is for the right over-

bannnh,
3.3 Computational procedure:

The computational procedure for iterative seclution of

equations (1) and (2) is as follows;

1. Assume a water surface elevation at the upstream cross
sectinn {or downstream cross section if a supercritical
rrofile is heing computed).

2. Based on the assumed water surface elevation, determine
the corresponding total conveyance and the velocity
hesd.

i, With the values from step 2, compute representative
friction slaope g*and selve equation 2 for head loss he

4, With values for steps 2 and 3, solve equation 1 for WS}

5. Compare the computed values of WS _with the values

assumed in step 1: repeat steps-1 through 5 until

the values agree to within 0.1 metres,

The first iterative trial is hased on the friction 8slope
from the previous two cross sections. The second trial is an
average of the computed and assumed elevations from the first
trial. Once a balanced water surface has heen obtained from a
cross gection, checks are made to he sure that the elevation is
on the correct side nf the critical water surface elevation. If

otherwise, critical depth is assumed and a messade tn that effect



is provided. The occurrence gf critical depth in the program is
usually the result of a problem with reach lengths or flow a&areas

unless a critical condition actuallv anccurs.

3.4 Model Assumptions:

The following assumptions are implicit in the eauations and
pracedures used in the program.

1. Flow is steadv

o Flovw b enovilund by v bendd

3. Flow i=s one dimensional

4. River channels have small slopes (less than 1 : 10).

If anv of these assumptions are violated, the results from

the HEC-2 pragram may he in error,

3.5 Model Capabilities:

The HEC-2 iz a versatile model for flood studies. Several
aptinns available mav be utilised to exploit the mondels capabili-
ties. The important ones ineclude:

1. Computation of mulitiple water surface profiles and hence

the rating curves at anv desired cross section,

2, Modelling existing hvdranlic structures such as briddeg

and culverts ta estimnte head losses hy special and

normal hridee/ culvert methonds in a given reach.

3, Corrving ont channel ipprovement to lower flond peaks.



Compute Mannings’'s N in a given reach.
Design of protection works-using several encroachment
options for floodwav analysis.

Estimation of Paleofloods.




4.0 PROBLEM DEFINITION

The river Tawi reach near Jammu upstream of bridee site is
not adequatelv protected along its hanks. Severe flonds submerge
the 1low lyving areas (especially the right bank) affecting life
and propertv. An unprecedented flood estimated at 4.6 lar cusecs
passed throush Jammu during Sept 1988 causing extensive damage:
duwe ta a breach in the rigeht hank and submerged the lowlying
areas including the old citv, The presgsent study is intended to
ohtain a realistic estimate of this flond by simulating the flood
profile using HEC-2 model, determine its flood plain and suggest
channel improvement methnds to contain the flaod for effective

flood control and flood management.

The bridge site acts as a control structure (CWC, Jammu)
with rating curves developed using velocitv measurements by float
method., Hence their is a need for more reliable ratindg curve

which could he developed usine the model.

10



5.0 DESCRIPTION OF STUDY AREA

8.1 General:

The Tawi river catchment upto the bridee point at Jammu
encompasses an Area of oaver 2000 sq kms and lies between 74° -~ 35°
and 75°- 45' east longitudes and 32°35' and 33 - §' north lati-
tudes (fig 21}, The entire catchment is mountainous comprising
hills in the upper. middle and lower Sivaliks of the Himalayan
ranges. The entire river profile is steep with altitudes randineg
from 4000 m to nearly 400 m near Jammu, From Jammu the river is
relativelv an flat river plains that are contagious upte Punjab .
The catchment receives a rainfall of over 100 cms mostly during
monsoon senson and the remaining during snow season in the upper
reaches of the catchment., The discharde in the river at the
bridee site 1is 300 - 400 cusecs perennially due to spnow melt,
Mongoon flaows have been recorded often above 1 lac cusecs, Hieh
flows from 2.2 to 2.4 lac cusers were experienced during 1850 and
1957. An all time high record estimated at 4.6 lac cusecs axceed-
ing the design capacitv of hridee (100 vr flood of 3.4 lac ru-
gecs) was observed durind the storm of Sep 1988, The various
aspects of this storm have been dealt in detail by Ramasastri
{1992}, The hvdrologv, ¢eomorphologyv, landuse and network re-
quirement for Tawi basin have heen discussed at length by Patwary

{1991, 1993), Jain (1992} and Ramasastri (1993) respectively.
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5.2 Catchment topography, land use and Flood problem:

The ratchment consist mostlv of broken country of low Shiva-
liks componsed of boulders and debris and sparsely vegetated lands
consisting of thorny bushes and brush wond., Jain (1992)  has
reported more than 60 X land either degraded or bharren using
remotely sensed data (see fig 3). The catchment by this very
nature offers little ar no resistance to active denudation. This
is further aggravated hv merciless cutting of bugshes and trees
for fuel and also uncontrolled grazing bv the cattle and the
extension of cultivation on the slopes, The denudation of the
snil cover results in auick erosion and formation of deep gullies
on the hill slopes. The sediment load carried by the stream 1is
quite heavv., The heavy load of the. sediment is safely carried
down by the stream in the initial stades where the grades are
steeper. These include <ilt. sand, gravel, cohhle, shingle and
houlders. However, when thé streams emerge out of the gorgesa on
to the plains, slopes flatten and velocities get reduced and the
stream deposits the heavv debris chocking their normal water
wavs. The subsequent freshlets cannot push down the heavy debris
and ernde the softer soil on the banks to make room for stream
flows. The streams therefore get widened, flow becomes hraided
with channels getting shifted with each new flood. The mean width
of river Tawi near _jammu is ahout 350 meters. It will thus be
seen from what is said above that flood rroblem lies mainly in
the 1lower portions near Jamma citv due to increase in width,

topography and easing of gradeé {1 &% FC report, 19RRa).

13
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5.3 The Flood of Sept 1938:

An unusual starm durineg 24 & 25 Sep 1888 regulted in a flond
estimated at 4.6 lac cusecs in Tawi river at Jammu near bridce
site. This flood exceeded the desidn capacity of bridge of 3.4
lars cusecs and almost touched the bhattom of the bridee endanger-
ing the structure. The HFL of the flond has been recorded as
304.3 metres at the hridee point by CWC Jammu. The flood also
inundated the low lving areas caunsing extensive damage to life
and propertv along both the banks. The right bank 400 M wupstream
of bhridde breached in a length of 230 M which apart from destrov-
ing Qasim nagar hahitatinn submerged large areas of exhibition,
Vinavak bazar, Jewel]l chowk, Krishnanagar. University (old Campus)
where heavv damages to estahlishments and residential areas took
place. Ground floore of most of the houses and shops remained
under 1.1 M of water. Huge treasures of rare library hooks and
sophisticated machinerv and eanipments in various departments of
IIniversity were spoiled. Similarly left bund breached in a length
of 290 M but due te high hanks not much damage to public property
took place. Toe part of the emhankment along hoth banks of river
down stream of bridge got partly damaged upto canal crossing
point abhout 1 Km down stream of bridee. The island portion carry-
ing open canal section was over run and made fiugsh with river bhed
completelv disrupting the irridation supplies of large cultivated
area in R 8 Pura and Bishnah tehsils (Irrieation and Flood Con-

trol report, 1988h),

15




5.4 Study Area:

The Tawi river l(see fig 4) reach of about 1.5 kms (one km
11/8 and half a km D/S of bridee site) adioining the city of Jammu
which directly affects the urban population due to floods was se-
lected for study. The average width of river here is about 350
meters., The bed material includes silt. sand, gravel and boulders
but mainlv consists of silt and sand. The size of largest boulder
was ohserved to he ahout 15 cms and that of gravel as 5cms
{average size is 3 - 4 cms). Due te high ¢round in the mid of the
river bed near hridee site (2-lane hridde supported on 7 piers)
the river flows as two divided channels for low flow conditions

{see fig 5),

The hridee site acts as a contrnl section due to constric-

tion and hvdraulic jump (critical depth) is evident during high

16
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flows., The CWC has therefoare located its gaude scale aon the down
stream side of the piers. The state Irrigation and Floed Control
deptt also maintains a gaude discharge site ahout 50 M upstream
of the bridge, Both the GD sites are supported on stable concrete
embankments of uniform sections with little secour. The inhabi-
tants of the low lving areas {including the oid city, University
upte canal road) adjiacent to right side af the bhank upstream of
bridge are most vulnerable to floods., These areas were hadly

inundated during the Sep 1988 flood.

18




6.0 METHODOLOGY AND DATA COLLECTION:

The methodology and field investigations for the study were
designed to keep consistency between data reaquirements of the
model, actual data available and the ohjectives of the study,

These are briefly discussed here:

6.1 Study Objectives:

1. Develop a rating curve at the Jammu hridge control point.

2. Obhtain a realistic estimate of the Sep 1988 flood and
estimate its flood profile and flood plain. Also ob-
tain the profile of 100 Yr flood.

3, Suggest channel improvement/ protection measures to

contain floods.

6,2 Model requirements:

These include the following:
1} Discharge data, for which profile (s) is/ are required.
2} Rating curve: In case a contreol structure exists hut

not essential

w
~

Ohserved flood marks for simulation and verification

4) Cross section survev data at representative points
along th; reach.

£) Bridee dimensions and détails,

£} Mannings's coefficients alone the reach.

19




6.3 Existing data:

The data availabhle includes daily discharge for nearly 15
vears. Cross section and rating curves at the hridge site since

198% with some gaps are alse available,

6.4 Fleld investigations:

The field investigations for cross section surveys along the
reach of 1.5 Kms were made near the bridge site. Eight cross
sections at representative points were taken with 3 on the down-
stream and § on the upstream side of the bridge (fig 5). Water
surface levels along the reach at these cross sections during

high and low stage during Monsoon season were also recorded.

6.5 Data Assembly

The data was assembled te meet the format required hvy HEC-2
model, Considering the bed profile of the reach, suberitical
option was selected. Initiallv Manning's N along the reach were
adopted from Chow (1964) and later were modified by trial and
error to match recorded water surface elevations, Loss coeffi-
cients for contraction and expansion were taken at 0.3 and 0.5
regpectively (HEC-2 manual, 1990}, The cross section data were
fed starting from the mnst downstream pnint. Several intermediate
cross secltions were inserted by simplvy measuring the channel

width, where the ground level did not vary sidnificantly (see fig

20




5). The existing bridege [(control structure) was modeled using the
normal bridge method since all flows were to pass under the
bridee (no pressure flow). The pier thickness were taken as 1
Metre with an averade width {along flowi of 5 Mts, The special
hridge option was not considered to represent the bridge struc-
ture for two reasons. Firstly several bridge openings had to bhe
taken as one trapezoidal opening with one equivalent pier, which
did not represent the actual conditions and is not recommended in
the manual (HEC-2 manual, 1990h), Secondly no pressure flow was
to he considered. Typical cross sections at downstream point,
bridge peoint and upstream point are shown in fig 6. The input

]

file for a multiple profile run is presented in apprendix I.

21
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7.0 MODEL APPLICATION:

7.1 General

The model was applied using the data discussed in the previ-
ous seection. Under low flow conditions (< 500 Cumecs) the river
flows in twe hranches for nearlv 400 Mts upstream of the existing
hridge. The split flow option was however not considered since
the reach was very small with apparently no difference in water

elevation,

7.2 Mannings N

Tn obtain more realistic values of Mannings N along the
reach, initial runs were made to match computed and ohbhserved
water elevations hv trial and error for medium flow conditions
(1850 cumecs). The value of N ranged from 0.03 to 0,056, Higher
flows were therefore expected to have N values in the range of

0.02 tn 0,03 as already discussed in section 2.0

The variation of Mannings N along stage at the control

section (hridee site) using data from CWC is presented in table

1. The values were computed usineg the slepe area method and by

Jarrets equation {1987)1. The twa values compare reasonably.

2*



Table 1. Computation of Manning’s N

8 .No Gauge Slope Velocitv* Discharge N1 Nz

Mts Mts/sec Cumecs
1. 297.53 o0.00088  o0.78  22.1 0.0265  0.0245
2. 297.65 0.00086 0.82 28.4 0.0294 0.0244
3. 297.68 0.00088 0,85 a5.3 0.0276 0.0255
4, 298,02 0.00029 0,945 147.4 0.0291 0.0158
5, 298.25 0.00099 1.17 229.8 0.02687 0.0268
6. 298.85 n,n012% 2.04 ARA.5 0.0192 0.0278
7. 298,93 0.00329 2,26 960.0 N.0316 0.0380
8. 294,35 0.00329 2.80 1541.0 0.0301 0,0363
9. 234,45 0.00395 2.90 1684.0 0.0330 0.0387
10 294.65 0.00492 3.1A 2167.0 0.03869 0.0408
__________n__I _______________ B e e o e
Note: 1. N Using Manning’s equation

.67 0.5

V=1/N*R S

-
1

= Velaritv* hy float method and reduced
by a factor 0.8

Hvdraulic radius

Mannings N

Siope of water surface

[ =+
n u 4

2. N Using Jarret’s eaquatien (1987) for Manning’s N
Jarretgs equation is diven hy

0,38 -0.16
N =0.32R S

24



7.3 Development of Rating Curve:

The use of multiple profile option was made to cover a range
of discharges including the estimated largest flood., While low
flows were glightly affected by change in Mannings N and contrac-
tion/ expansion coefficients, in terms of computed water surface
elevation and hence the rating curve, the higher flows indicated
almost identiecal depths. The rating curve at the CWC gauge site
(bridge site) 1is presented in Fig 7. A comparison of existing

{CcWC) and mndel developed rating curves ie presented in fig 8.
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7.4 Analysis of Sept. 1988 flood

The details of the unnrecedented flood were discuééed

gection 5.3, To estimate this peak flood two appbreoaches

adapted. These are as under:

in

were

1. Since the model computed water surface elevations which were

relativelv insensitive to anv reascnable variations in
loss coefficients, for high flow conditions the

nnlv variable left for manipulatisn was discharde @,

The peak flonod of Sep B8 estimated at 4.3 lac cusecs (hy

state Flood control deptt) was varied in a range

the computed profiles were compared with the

ohserved flond marks (HFL) reported hy the local
residents at »a few points along the reach. The computed

prafile at nearly 12000 cumees (4.2 lac Cusecs) agreed

clogelyv., It was however assumed that the curmsent cross aec-

tinng were more or less the same as they were during
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2. Alternatively the peak dischardge mav be computed from the
recaorded HFL at the bridee site {304.,3 M) assuming cri-
tical depth at the section (Dohbie & Walf (1953),
Jarret (1984})), The mndel alsn indicates critical depth
for mosi high flow conditions at the hridge site, This

leads to an estimated dischardge of about 5.6 lac cusecs,

Since rcritical depth is an unstable depth and that re-
corded flood level mav alse be prone to errors the most probable
discharge congsidering the twn approaches could bhe or the close to

12000 cumeecs {4.2 lac cusecs),

To estimate the flood plain rorresponding to this flood a
dumnpy level survev was carried out for 500 Mts on either side of
the hanks of the river alone the reach. Contours were plotted and
the Tflood plain corresponding to a profile of estimated 12000
cumecs. The floed plain and the profile are shown in fig 9. These
are in reasonahle agreement with reported flood levels by 1local
residents. The flood plain must have extended heyond the breach
as indicated in fig¢ 9 (marked X) on the right bank, 500 Mts (ap-
proxi) upstream of the bridge due to a hreach (right bank) as
reported by localmresidents and in the Flood control deptt report
{1988h). The flood waters after the breach reportedly inundated
low lving areas from Jewel Chowk (topagraphic details hevond the
hreach are not available to extend the flaood plain) upteo the old

campus  of Jammu University. The prafile of 100 vear flooad esti-
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mated at 9600 Cumecs (3.4 lac cusecs - design capacity of exist-

ing bhridee) is also indicated in the same figure 9,

7.5 Flood Control and Channel Imprevement:

The flood control techniques genepally involve confining the
estimated largest flows hv means of embankments, levees, flond
walls etc and lowering the peak stage through channel improvement
methods (Linsleyv et al, 1979). Other methods involve construction
of diversion structures or acquiring the flood plain areas at an
early date under a master plan so ags to avoid expensive construc-

tion of flood protection works,

The Irrigation and Flood control deptt, Jammu had reportedly
taken several flond protection measures (I & FC report, 1988h)
during Mar 1988 (hefore nccurrence of flood) under the master
plan for Jammu city. These ineluded strengthening/ impraving
existing embankments, construction of spurs. studs and other
river trainine works. After the Sep 1988 flood, most of these

were either washed awav or badlv damased.

At present the emhankment on hoth the sides of river up-
stream of hridee upto 200 Mts is in a e¢nod condition with a
uniform trapezoida} section, However, hevond this point and upta
the provosed new hridege site and slightlv bevond are low lving

areas of Vinavah bazaar. Qasim nagar etec. on the right bank side

and are noi having adequate protection as evident from the pro-
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filag of 12000 cumecs (4.2 lac cusecs - flood of Sep 1988} or

even the 3.4 lac cusecs (100 vear flood) in fig 9.

The HEC-2 model has floadwav analvsig (encroachment option]
and channel improvement {(CHIMP option) to confine the flond tn
anv desired hank station (or elevation) and keep the peak stage
l1nw hv increasineg the flow velocities, To illustrate this capa-
hilitv aof the model a reach length of 400 Mts upstream of the
bridge wag assumed to be straichtened with a uniform trapezoidal
section by cutting (dredeging)} the hottom and sides of the channel
with a more uniform slope. The existing embankments along the
reach were assumed to be raised vertically to accommodate the
flond of 4.2 lac cusecs {(the model automatically does that when
the hanks cannot accommodate the computed water surface eleva-
tinns for anv given discharee)., The resulting reduction in peak
stage along the reach with and without channel improvement
{Mannings N unaltered, but convevance is increased) is indicated
in tahle 2, The same is shown at a typical cross section in fig
10, Alternative metheds of channel improvement that could he
evaluated, include lining the channel, usin# rip rap etc, 8n  as

to redure the value of Mannings N,

Several options or a combination must be examined before
arriving at anv particular flood contreol methodology. More so in
terms of benefit cost analysis, This is however outside the scope

of the present studyv.
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Table 2, Effect of Channel Improvement

S. No Section No Computed water surface elevation in Mts
T Before Improvement After Improvement
1. 2 00.73 300.61

2, 3 301.04 300.66

3. 5 303.03 anl.44

4. 7 anz.8s5 301,51

5. 9 304.49 302,69

6. 10 305,23 302.93

7. 11 305,54 303,13

R. 12 305.R82 103.26

Q. 13 A06.59 ) 304.45
10, 14 306.25 304,51

._—___——..—.__.-—_.._..-__..--____.___—___...____.....____..__.——.-_—-..-.-.——___-.—_-_

Note: See figs @ and 10.
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8.0 CONCLUSIONS:

Following conclusions mav he inferred from the study:

1.

The rating curve develaped hy CWC Jammu by actual measu-
rement of discharde {{loat method) is in reasonahle
agreement with that developed through the model.The model
developed curve mav not he verv accurate for low and
medium (< 2000 Cumecs) conditions as a c¢onstant value of
Manning's N has heen used along the stage.

The variation of N alone the reach is (for high

flows) not verv si¢nificant as was evident from several
simulation runs. Hence the mndel develaped

curve should he considered bhetter (especially for high
flows) compared with actual one owing to erraor in
discharge computations using float method of velocity
mensurements and the extrapnlation of rating curve

on log-log graph. Alse the model developed curve is

hased on actual cross sections and hence the convevance,

The variation in Manning’s N along stage lies het-
ween 0,02 and 0,03 (tahle 1} at the hridge Bection
for low flow conditions (with exceptinn for

very low flwws), Jarrets eaunatinn should be useful

far estimatine Mannine's N,

The flood of Sep 1988 mav he estimated close to 12000

cumecs (4,2 lac cusecs),
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4. The flond profiles alen¢ with channel improvement sugg-
ested should be useful in planning flood control and
flond management programmes., These measures sheuld at
at least he ahle to confine the 100 vear flood of
3.4 lac cusecs. Following measures are recommended

subhject to structural and econcomic justifications.

i} Acquiring the land in the flood plain (right

hank) and /or

ii) construction of flood wall, levess ete, along with
channel improvement. straig¢htening and bank stabi-
lisation using rip rap. Each option or a combina-
tion of options which maximises the hydraulic capa-

cily (conveyance) and reduces the peak stade.

EEREEFREKRERERRKERKRRE
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