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Abstract:

Floods and flash floods are common water related natural disasters in the state of Himachal Pradesh. The flooding mostly occurs
in summer season due to snow melt in the upper regions and coupled with heavy rainfall leads to heavy flooding in the lower
regions. The other form of flooding is flash flood, which principally occurs due to cloud burst in the catchment area. The duration
of flash flood is short but the damage caused by it is extensive. In Himachal Pradesh, the agriculture is practiced mostly on the
flood plains of rivers. During flood, water spreads over the flood plains and causes damage to the agricultural fields. The river
Swan experiences this kind of flooding every year. To protect the precious agricultural lands adjacent to the River Swan, IPH
Department of HP proposed to construct flood protection measures along the banks of River Swan in the form of levees. One -
dimensional mathematical model HEC-RAS was used to study the location, alignment and various design parameters of the
proposed embankments. The top level of the embankments were decided using the predicted maximum water levels with suitable
free board. Based on the velocity of the flow computed, suitable protection measures were also suggested along with geo-fabric
filter. Based on the model studies, adequately planned, well aligned and properly designed embankments have been recommended
for Swan river.
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1. INTRODUCTION averted by the projected works, and whether the benefits
. . justify the cost. Flood control is a measure of protection

Floods are very common in the state of Himachal Pradesh. for those threatened by floods against a future
The state has experienced several floods for the last 4 “maximum probable flood”. In present state of our
decades. The flood disasters were very high in 1975 and knowledge, no exact quantitative value can, however, be
1988. The five major flood during the year 1997-2005 had assigned to this entity, but there are various methods of
high magnitude and frequency ( Sharma. D. D, 2006). approximating it. Using this probable flood data, one

. . can design works either for this particular flood or for a
The major causes that are responsible for floods and flash- lesser one, determined as a result of economic studies.
floods in the state are as below:-
1. Cloudburst in the catchment area of rivers.
2. Intensity of rainfall is very high in the upper reaches of
rivers
3. Breaching or bursting of check dams or natural lakes.
4. Change in the river course due to landslides
5. Slope failure and landslides occurs due to tectonic
movement of water (e.g. earthquake, Jan.1975).
During flood almost all the rivers of this state are
passing a heavy discharge into them. floods in this state
causes huge economic loss in the form of damage to not
only crops, houses, public utilities, properties but also
lost many human lives and cattle’s. the magnitude and
intensity of flood is varying from one basin to another.
The objective of flood control study is to decide which
of the above works are most suitable, and their location,
size, design and costs. Associated with this is an Fig.1: Index map of River Swan from Daulatpur
economic study to determine the potential damages bridge to Gagret bridge (11 km)
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River Swan (sorrow of Una district) originates near
Daulatpur chawk in Amb district, flows through the inter-
mountainous valley of Una district for a length of 85 km and
meets River Sutlej near Anandpur Sahib in Punjab. Total
catchment area of River Swan is about 1400 sg.km., out of
which nearly 1200 sg.km., is in Himachal Pradesh and the
remaining is in Punjab. Total 60 tributaries are joining river
Swan in this 85 km reach. Due to the significant
contribution of discharge from these tributaries, the river
discharge continuously increases along the length while the
longitudinal slope of the river reduces and becomes flatter.
The combined effect of the two is the increase in width from

its source to its confluence with river Sutlej.
SWAN RIVER AT DAULATPUR BRIDGE
RD=58390, Q= 400.46 m3/s

CHALET KHAD
Q= 44.96 m¥/s

RD=58060,Q=445.42 m°/s

—

v

| RD=56750,Q0=546.12 m®ls < BHARAMPUR KHAD
¢ Q=100.70 m®/s

MAWA KHAD ) RD=56153,0=604.42 mls |
Q=58.30 m%s

v
AMBOHA KHAD _,l, RD=54668,0=662 m%s |
Q=58.30 m%s ¢

| RD=54518,Q=736.39 m®/s |4_ FATEHPUR
KHAD Q= 73.67 m%s

A 4

|RD:53800,Q:845.48 mé/s |4— GONDPUR KHAD
Q=109.09 m*/s

GHANERI KHAD- I1 —>| RD=53390,Q=891.63 m%/s |
Q= 46.15 m%ls

\ 4

GHANERI KHAD- | _>| RD=52890,Q=937.78 m*/s
Q= 46.15 m%/s l

| RD=52340,Q=968.7 m%s | 4 KUNERAN KHAD
l Q=130.92 m¥s

DEOLI KHAD- 11 —>| RD=52000,Q=1013.66 m*/s |
Q=44.96 m%/s i

The formers nearby Swan River are practicing agriculture
on both the banks. During flood season, the agricultural
lands nearby river are heavily damaged by floods. Every
year farmers are facing severe problem and losing their
crops. In view of this, IPH Department, Government of
Himachal Pradesh has decided to provide embankments in
the main Swan River as well as tributaries joining the River
Swan in that reach. Project authorities approached CWPRS
for the suitability of proposed embankment though model
studies. Mathematical model studies of River Swan were
conducted at CWPRS from Daulatpur bridge to Gagret
bridge having a reach length of about 11 km (Fig. 1). There
are about 15 tributaries joining River Swan in this reach.

2. MATHEMATICAL MODEL STUDIES

Based on the hydraulic data and river cross section data,
1-D mathematical model (HEC-RAS) studies were
carried out to assess the adequacy of the proposed flood
embankments considering the 25 years return period
flood. Total river reach of 11 km from Daulatpur bridge
to Gagret bridge with its 15 tributaries (Fig. 1) was
simulated in the model by using the cross sections of
river Swan and its tributaries. The cumulative
discharges of River Swan as shown in schematic
diagram (Figure. 2) from the starting reach to end reach
are reproduced in the model.

Table 1. Comparison of water levels predicted by
HECRAS model with water levels supplied by project

authorities
SL. Location Discharge Water level Water level
No inm? /s supplied by computed by
Project using
Authority HECRAS
1. | U/S of 400.46 499.45 499.50
Daulatpur
bridge
2. D/S of 1456.47 456.34 456.31
Gagret
bridge
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Figure 2: Schematic diagram of River Swan and its tributaries

Model studies were first carried out for existing
condition (without embankments) for the discharge of
25 years return period flood. The mathematical model
was run by varying the manning’s ‘n’ and the value of
‘n’ for which the water level matched well with the
measured gauge data was selected for the further
studies. The observed gauge discharge data at upstream
of Daulatpur bridge and downstream of Gagret bridge
were used for proving studies. It was found that the
predicted water levels at Daulatpur bridge and Gagret
bridge were more or less in agreement with the levels
observed by the project authority with a manning’s ‘n’
value of 0.037 as shown in Table 1. In view of this, the
model was considered as proved with the manning’s n
value of 0.037.
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3. STUDIES WITH EMBANKMENT

The cross sections with embankments of River Swan and its
tributaries as proposed by project authority were reproduced
on the mathematical model. The cumulative discharges of
the River Swan as shown in schematic diagram (Figure 2)
from the starting reach to end reach are reproduced in the
model. Simulations were carried out for the above
mentioned discharges and the velocity of flow, depth of
flow, discharge intensity and water levels were computed at
various locations. Similar simulations and computations
were carried out for the tributaries also with manning’s n
value equal to 0.045. Longitudinal water surface profile,
velocity and discharge intensity of River Swan with and
without embankment from Daulatpur bridge to Gagret
bridge are shown in Figure 3, 4 and 5 respectively.
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Figure 3: Longitudinal water surface profile of river Swan
from Daulatpur bridge to Gagret bridge
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Figure 4: velocity profile of river Swan with and without
embankments from Daulatpur bridge to Gagret bridge
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Figure 5: Discharge intensity of river Swan with and
without embankments from Daulatpur bridge to Gagret
bridge

It was observed that the maximum velocity of 3.14 m/s and
maximum discharge intensity of 9.43 m¥/s/m is expected in
River Swan. The velocities and discharge intensities varied
from 0.23 m/s to 2.65 m/s and 0.36 m*/s/m to 3.66 m*/s/m
in tributaries. The increased velocities and discharge
intensities would possibly induce higher scour near the toe
and erosion of the embankments. In view of this it is
suggested to protect the embankments by providing proper
bank protection works and launching apron at the toe as
shown in figure 6.
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Figure 6: A typical cross section of embankment for
tributaries

CONCLUSIONS

On the basis of river cross sections, hydrologic data of river,
one-dimensional mathematical model (HEC-RAS) was
carried out to estimate the flood level in the river for
discharge of 25 years return period. Based on the above
studies, following conclusions were made :

1. It is recommended that the top level of the
embankments of river Swan and tributaries may be
finalized by using the maximum water levels
obtained during model studies with embankments
by adding sufficient free board.

2. The distance between both the embankments (River
width) as proposed by project authorities at each
cross sections of river Swan and its tributaries are
sufficient.

3. Itis recommended to align the embankments such
that the meanders of the river are within the
embankments and the width covers the Thalweg of
the river.

4. The top width of the embankment, may be kept as
6.0 m in main swan river and 3.0 m in its
tributaries.

5. It is recommended to provide slope pitching in the
form of stones in crates of size 1.5 m x 1.5 m x 0.3
m up to about at least 1.5 m above the expected
HFL for River Swan and its tributaries.

6. It is recommended to provide 6 m wide launching
apron for River Swan. The launching apron would
consist of two layers of stones in crate of size 1.5
m x 1.5 m x 0.3 m laid over geofabric filter.

7. It is recommended to provide 3 m wide launching
apron for the tributaries. The launching apron
would consist of two layers of stones in crate of
size 1.5 m x 1.5 m x 0.3 m laid over geofabric
filter.
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8. To avoid damage to the geofabric filter during
placement of stones in crates, a 15 cm thick layer
of coarse sand or gravel should be provided over
the geofabric filter.
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