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Abstract- Himachal Pradesh is a state prone to earthquakes and floods during rainfalls, due to which the agricultural land 
and private property gets damaged extensively due to the silt deposit. Hence we are modelling the river using HEC -RAS 
(hydraulic engineering Centre river analysis system) with the help of which we will simulate the river and  extract the 
maximum velocity of the river  and thus providing suitable river training measures in the form of dressed sloping banks, 
gabion wall and embankments’. Through these rivers training measures the banks and the countryside will be protected from 
floods 
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I. INTRODUCTION 
 
Suketi Khad is a tributary of river Beas in the Kangra 
valley. It rises from the southfacing slopes of 
Dhauladhar range (Figure 1). 
The origin of Suketi Khad is the confluence point of 
Lindi Khad, Suketi Khad andGhangal Khad. It flows 
through the middle of the valley from geographical 
coordinates 31032' 37” N and 76053'34'' E to 31042' 
43” N and 760 56’ 06” E dividing the entire valley in 
to two which finally merges with River Beas near 
Mandi. A number of small channels join the Suketi 
river in its upper reaches the upper catchment of the 
river consists of steep slopes. The river has formed 
huge terraces, most of which are under cultivation. 
The total length of Suketi Khad is 23.80 km and 
encompasses 
 

 
Figure 1: Map showing catchment area of rivers in Mandi 

district 
 
Catchment area of about 386.97 sq.km.During floods, 
valuable agricultural land is either washed away due 
to bank erosion orthe land on country side would be 
unproductive due to deposition of silt carried by 
theriver. The release of huge quantity of silt water in 
to the Suketi Khad from the silt ejectorof Baggi 
balancing Reservoir near Sundernagar and mining 
activity are the concern forthe project authorities. The 

valuable properties, agricultural lands, government 
properties, etc., located adjacent to the banks of the 
Suketi Khad also get extensively damaged due to 
floods. 

 
Figure 2: Stream configuration of Suketi khand from 

Sundernagar to Mandi 
 
II. SCOPE OF STUDY 
 
The broad scope of studies are as follows: 
Evaluate effect of embankment/protection works 
along the banks of Suketi Khadand its tributaries 
from Ghangal/Lindi Khad to junction of Suketi khad 
with riverBeas. 
1 D Mathematical model studies for the reach under 
consideration.Suggesting suitable river training 
measures based on the hydraulic parameters obtained 
from the 1 D mathematical model 
 
III. DATA AND ANLYSIS 
 
Following data was received from the project 
authorities and were used for thestudies: 
 
3.1 Survey data 
a) Digital survey plan to a scale of 1:1500 showing 
cross section and important Structures. 
b) Cross section and longitudinal section of suketi 
khad between RD 0 to RD 24990at an interval of 200 
m. 
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c) Crossi section of tributaries, i.e., Lindi Khad, 
Ghangal Khad, Beena Khad, KansaKhad, Chail 
Khad, Gamloti Khad, Maishari Khad, Ratti Khad, 
Sekar Nullah, andBhadyal Khad at an interval of 200 
m in each tributary. 
 
3.2 Hydrologic /Hydraulic data 
a) Rainfall data from 1997 to 2006. 
b) Details of High Flood Levels at various locations. 
c) Details of catchment area and computation of 
discharge for the tributaries 
 
Other data 
a) Details of bridges at RD 8700, RD 15812 and RD 
18085 along with river crosssections at bridge axis, 2 
m upstream and downstream of bridge axis. 
b) Soil properties of river banks 
 
3.1.1 Cross section data 
The cross section data from RD 0 to 24900 was 
analysed and the longitudinal profile of 
Thalweg line of these cross sections is presented as 
Figure 3. 
 

 
Fig 3: Line of cross section 

 
From the above figure, it can be seen that the river 
reach from RD 0 to RD 5500 ishaving a considerably 
steep slope of 1 in 136. The width of river in this 
reach variedfrom 31 m to 130 m. From RD 5750 to 
RD 8500 m, the slope is little milder (1 in 307)with 
river width varying from 110 m to 195 m. The stretch 
from RD 8900 to 17900 m ishaving variations in 
longitudinal slope having an average slope of 1 in 
627. The width ofriver in this reach varies from 117 
m to 1221 m indicating the river flowing in plains. 
 
However in the last reach (just before joining river 
Beas), the slope again steepensconsiderably (1 in 
227) with river width varying from 41 m to 240 m. 
The gradualdecrease of width may be attributed to the 
increased slope of river in this reach towards 
downstream before joining river Beas. 
 
3.2 Discharge data 
The project authorities intimated that the discharges 
data for tributaries were notavailable. However, based 
on the catchment area of tributaries along with 

empiricalformulae, the project authorities submitted 
the estimated discharges of tributaries. Theaverage 
discharge per square kilometer area was worked out 
as 2.916 m3/s. Theestimated discharges of tributaries 
are shown in Figure 4. 
 

 
Figure 4: Plan showing discharge distribution of tributaries in 

to Suketi Khad 
 
Since, the maximum yearly observed discharge data 
of Suketi Khad for different yearswas not made 
available; the frequency analysis of flood in Suketi 
Khad could not beassessed. For designing the bank 
protection works, the maximum assessed flood bythe 
project authorities as indicated in Figure 4 and Table 
1 was used for running the mathematical model. 
 

Table 1: Computed discharges in tributaries 

 
3.3 Grain size distribution 
The grain size distribution of bed and bank material 
along the Suketi Khad was analysedand used for 
designing the bank protection works. The grain size 
distribution curve atdifferent locations along the 
reach under consideration are shown in Annexure – I. 
Thepercentage of materials i.e., Gravel, sand and silt 
at different locations are given inTable 2 below. From 
this table, it can be seen that the percentage of gravel 
iscomparatively higher in Suketi Khad near the 
confluences of tributaries. Hence, fordesign 
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computations the average values (d50) at these 
locations are considered. 

 
Table 2: Percentage of bed materials at different locations 

 
 
IV. SITE INSPECTION 
 
Joint site inspection to the proposed bank protection 
sites of river Suketi and itstributaries were carried out 
during October 2013 by officials from I&PH 
Department and CWPRS, Pune to take a preliminary 
account of important features of the river.During the 
inspection, it was seen that the discharge in the river 
and its tributaries wereconsiderably low. The shallow 
depth of river at some locations also indicated 
thedeposition of fine sediments. The vegetation along 
the banks of Suketi khad in most ofthe reaches were 
also noticed which indicated the agricultural lands in 
the riverterraces. Presence of some broken/damaged 
structures such as retaining walls, gabionbaskets, etc., 
was also noticed. Some of the typical photographs of 
site are shown in the photos. 

 
Photo 1: Suketi Khad just before joining with river Beas. 

 
Photo 2: Suketi Khad near Beas confluence 

 
Photo 3: Suketi khad near RD 6000 – deposition of silt could 

beobserved with shallow depth of flow. 
 

 
Photo 4: A view of tributary (Kansa Khad) 

 
V. MATHEMATICAL MODEL STUDIES 
 
One dimensional mathematical model “HEC-RAS” 
was used to compute the velocitiesand water levels 
for the reach under consideration with and without 
embankment. 
 
5.1 HEC-RAS 
HEC-RAS is a computer program that simulates 
water flow through natural and other channels. It is 
one-dimensional model developed by the US 
Department of Defence,Army Corps of Engineers in 
order to manage the rivers, harbours, and other 
publicworks under their jurisdiction. It has found 
wide acceptance by many others since itspublic 
release in 1995. HEC-RAS is equipped to model a 
network of channels, adendritic system or a single 
river reach. Certain simplifications must be made in 
order tomodel some complex flow situations using 
the HEC-RAS one-dimensional approach. Itis capable 
of modeling sub-critical, supercritical, and mixed 
flow regime flow along withthe effects of bridges, 
culverts, weirs, and structures. 
 
5.2 Proving / Validation of model 
Cross section data from chainage RD 0 (Pung) to 
chainage RD 24990 (near confluencewith river Beas) 
was entered in the geometrical data module of HEC-
RAS model. The boundary condition in the form of 
cumulative discharge starting from Pung in upstream 
reach and normal depth realized with a slope of 
0.0118 (slope of 1 in 85) at extreme downstream 
section (RD 24990) were adopted. Similarly, the 
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discharges in theupstream most cross sections of 
tributaries were given as upstream boundary 
condition.The discharges of tributaries are given in 
Table 1 above. The downstream boundarycondition 
for the tributaries is the water levels realized at the 
junction of Main River withtributaries (confluence 
point with Suketi Khad). The cumulative discharge of 
SuketiKhad at extreme downstream boundary (RD 
24990) is worked as 1144.76 m3/s. Thebridge details 
submitted by project authorities at different locations 
were alsoincorporated in the geometrical data editor 
of HEC RAS model. For calibrating the ‘n’values, the 
river reach from chainage RD 0 m to RD 24990 m of 
Suketi Khad wasconsidered. By assuming and 
varying Manning’s roughness coefficient ‘n’ in the 
reachunder consideration, the High Flood Levels 
submitted by Project authorities at differentlocations 
were matched to nearby values for the corresponding 
discharge. The ‘n’ valuewas found to be varying from 
0.02 to 0.07 along the reach under consideration. The 
‘n’value adopted for computation in the mathematical 
model agreed with the broadguidelines given in 
published literatures and was also verified during the 
site visit.The model was run for the steady state 
discharge. Table 3 show details of water 
levelcomputed in HEC RAS model and observed 
values at Gauge Discharge sites. As theobserved and 
computed water levels matched well (except at Gauge 
site RD 21560)and with the manning’s ‘n’ values as 
per site conditions, the model is considered 
asvalidated and proved. 
 

Table 3: Water Levels observed at different locations 

 
The maximum velocity of 6.32 m/s was computed in 
the reach under consideration. Theaverage depth of 
flow was computed as 4.5 m. The Water levels at 
different crosssections realised by 1 D mathematical 
model, HEC RAS is presented in Annexure - II.It was 
seen that the slope of river in the reach under 
consideration is varying (Figure 3).Accordingly, the 
velocities and depth of flow also changes at different 
locations of thereach under consideration. In view of 
this, the reaches are divided in to 3 segmentsbased on 
the factors such as slope, velocities, depth of flow etc. 
The hydraulicparameters for different segmented 
reaches of Suketi Khad its tributaries are given 
inAnnexure III. Typical HEC-RAS model output for 
average velocity distribution in achannel is show in 
Figure 5. 

 
Figure 5: Typical average Velocity distribution along cross 

section of Suketi Khad at RD 3890 m. 
 
5.3 Studies with embankments 
The effect of construction of embankments along the 
banks of Suketi Khad and itstributaries was studies in 
the HEC RAS model. The embankments of height 
above theHFL levels at different cross sections were 
made as input in the geometrical module ofHEC RAS 
model. The location and alignment of embankment 
were fixed at the pointswhere HFL line crosses the 
cross sections on either side of banks of river 
causingnegligible encroachments into the rivers. All 
other parameters such as Manning’s ‘n’value, 
upstream and downstream boundary conditions, etc. 
were kept same asexplained in para 5.2 and Table 3 
above. The model result indicated that there was 
nochange in the water level and velocities due to 
construction of embankment. However, itis also noted 
during the site inspection that construction of 
embankments throughout thereach of Suketi Khad 
and its tributaries from RD 0 to RD 24990 is 
practically notfeasible as different constraints such as 
space, steep vertical height of banks, etc. 
areencountered. Therefore, three types of protection 
measures in the reach underconsideration are worked 
out and are elaborated below. 
 
VI. RIVER TRAINING MEASURES 
 
Based on the different hydraulic parameters extracted 
from the 1 D mathematical model (HEC-RAS), 
following bank protection measures are designed. 
They are conventionalbank protection works in the 
form of dressed sloping bank, Gabion wall protection 
andembankments. However, the project authorities 
are suggested to execute thesemethods depending on 
the site conditions and practicability at the particular 
reach. 
 
6.1 Protection for dressed sloping bank 
This type of protection work is suitable where the 
ample space for dressing the existing banks by filling 
or by excavation is possible. It should be noted that 
while dressing theslope by earth filling, the area 
inside the river banks should not be constricted 
beyond 10 to 15 % of the total original river width at 
that section. Typical computation ofprotection work 
for sloping bank is given below: 
Data: 
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1. Velocity = 6.32 m/s 
2. Bank slope (_) = 2 H: 1 V (26.560); 2.5 H: 1V 
(21.800); 3 H: 1V (18.430) 
3. Angle of internal friction of soil of bank material = 
350 
4. Specific gravity of stones (Ss) = 2.65 
5. D50 stones being used for filling crates = 175 mm 
(for example, as perspecifications, the stones of size 
125 mm to 225 mm are proposed. 
Therefore, D50 is assumed as 175 mm (125+225)/2)) 
6. Discharge intensity ‘q’ = 34.32 m3/s/m (V x 
average Max. depth of flow = 
6.32 m/s x 5.43 m) 
7. Peak discharge, Q = 1145 m3/s (Assessed) 
8. Gravitational Acceleration g = 9.81 m/s2 
9. d50 of bed material = 16.2 mm (average) 
10. Silt factor, f = 7.08 (f = 1.76 (d50)1/2) 

 
Where K = 0.62 (for bank slope of 2 H: 1V) 
= 0.76 (for bank slope of 2.5 H: 1V) 
= 0.83 (for bank slope of 3 H: 1V) 
W = 5887 kg (for bank slope of 2 H: 1V) 
= 4803 kg (for bank slope of 2.5 H: 1V) 
= 4398 kg (for bank slope of 3 H: 1 
T = 1.23 m say 1.25 m 
Volume of crates = 5887/1920 = 3.06 m3 (for bank 
slope of 2 H: 1V) 
= 4803/1920 = 2.50 m3 (for bank slope of 2.5 H: 1V) 
= 4398/1920 = 1.68 m3 (for bank slope of 3 H: 1V) 
 

 
Therefore, adapt crate sizes as 1.75 m x 1.75 m x 1.25 
m (3.83 m3) for bank slope of 2 
H: 1V, 1.5 m x 1.5 m x 1.25 m (2.81 m3) for bank 
slope of 2.5 H: 1V and 1.25 m x 1.25 
m x 1.25 m (1.95 m3) for bank slope of 3H: 1V 
 
d) Launching Apron (Typical): 
Scour depth below HFL, DL = 0.473 (Q/f) 1/3 
considering maximum discharge 
= 2.8 m below HFL 

Scour depth below HFL, DL = 1.35 (q2/f) 1/3 
considering maximum discharge intensity 
= 7.42 m below HFL. 
Therefore considering the maximum values from both 
the above cases, 
Scour depth DL = 7.42 m below HFL is considered 
for designing the launching apron 
Maximum scour depth below HFL due to bend, etc., 
DLmax = 1.5 DL i.e., 11.13 mbelow HFL 
Depth of scour below Low Water Level (LWL) = 
11.13-4.9 =6.23 m (Average of 
HFL-LWL = 4.9 m) 
Quantity of stone/m for apron = _5 x depth of scour x 
thickness of pitching (1.25 m) 
= 17.41 m3/m 
Width of apron = 1.5 x Depth of scour = 9.35 m 
Thickness of apron = quantity of stone per m of 
apron/width of apron 
= 1.86 m say 2 m 
Weight of crates for horizontal bed: 

 
W Hence, W = 3650 kg 
Volume of crates = 3650/1920 = 1.9 m3 
Hence, provide launching apron of size 1 m x 1 m x 1 
m in two layers (1 x 2 = 2 m3) 
Note: The above illustration is just an example. The 
reach wise flow parameters and protection works are 
given in Annexure III and IV. The apparent specific 
gravity of stones may be computed based on the d50 
of stones which are used at site for filling the crates. 
Also, the width of the apron could be restricted by 
increasing the depth of apron. Typical cross section 
and plan of sloping protection is shown in Figure 6 

 
Figure 6: Typical section of bank protection works for sloping 

bank 
 
CONCLUSION AND RECOMMENDATIONS 
 
1. Based on the analysis of different cross sections, 
hydraulic data and from the one-dimensional 
mathematical model (HEC-RAS), following 
conclusion and recommendations are arrived at:  
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2. The maximum velocity of 6.32 m/s is computed 
along the river reach from RD 0(Pung) to RD 24990 
(near confluence of Suketi Khad with river Beas) by 
one dimensional HEC- RAS model.  
3. The maximum velocities at three segmented 
reaches varied from 4.11 m/s to 6.32 m/s. 
4. The maximum velocities of tributaries varied from 
0.23 m/s (Sekar Nullah) to4.88 m/s (Mansari Khad). 
5.Gabion crates of size 1.0 (L) x 1.0 (B) x 0.75 (D) 
(for reach RD 0 to Rd 10100), 1.0 (L)x 1.0 (B) x 0.50 
(D) (for reach Rd 10100 to RD 18500) and 1.5 (L) x 
1.5 (B) x 1.25 (D)(for reach Rd 18500 to Rd 24900) 
for the bank slope of 2.5 H : 1 V are recommended 
for slope protection works along the banks for Suketi 
Khad. 
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