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1 ABSTRACT 

After the tsunami event of December 26, 2004 due to Sumatra earthquake of magnitude 9.3, detail studies 
have been carried out for the tsunami evaluation in India and the National Tsunami Warning System has 
been in place. The paper describes the tsunami hazard assessment carried out for Indian nuclear coastal 
sites through a systematic National Round Robin Analysis. The inter-code comparison is carried out to 
evolve the validated tsunami propagation model and the predictions are shown to be consistent with the 
post tsunami survey records and the tide gauge data. Further local models with refined bathymetry and 
land morphology are evolved to predict the tsunami wave run up and inundation reach, which are shown 
to have reasonable comparison with the measured values for Kalpakkam site after 2004 Tsunami event. 
The methodology presented will be useful for the tsunami hazard evaluation of coastal nuclear plants. 

2 INTRODUCTION 

Recent tsunami generated on December 26, 2004 due to Sumatra earthquake of magnitude 9.3 
resulted in inundation of various coastal regions of India. Bhabha Atomic Research Centre, Trombay 
initiated computational simulation for all the three phases of tsunami source generation, propagation and 
run up evaluation for the protection of public life, property and various industrial infrastructures located 
on the Indian coastal regions for the National Tsunami Warning System. Further, studies have also been 
carried out for the protection of the coastal nuclear facilities. The site selection and design of Indian 
nuclear power plants require the evaluation of run up and the tsunami mitigation measures for the coastal 
plants. Besides it is also desirable to assess the early warning system for tsunamigenic earthquakes. The 
tsunamis originate from submarine faults, underwater volcanic activities, and sub-aerial landslides 
impinging on the sea and submarine landslides. In case of a submarine earthquake-induced tsunami, the 
tsunami wave is generated within the ocean due to displacement of the seabed. These studies have been 
effectively utilized for design and implementation of early warning system for coastal region of the 
country in addition to the site evaluation of Indian nuclear coastal installations. This paper presents 
results of tsunami wave modeling using shallow water wave theory. The results of in-house finite element 
code Tsunami Solution (TSUSOL) is first highlighted through numerical simulation of Sumatra-2004 
and Makran-1945 tsunami events. 

 
As an inter-code comparison and code benchmarking exercise, using a refined local bathymetry and 

land morphology data, detail inundation modelling has been carried out for Kalpakkam nuclear site in 
South India for tsunami event of Sumatra-2004 with different tsunami numerical codes through a 
systematic National Round Robin Exercise with participants from research, academic and technical 
organizers. Detail computational results of inundation reach and wave run up for Kalpakkam site are 
presented and are shown to have reasonable comparison with the post tsunami measurements carried out 
after the Sumatra-2004 tsunami event. A sensitivity analysis of the results obtained from the different 
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codes is carried out with regard to various modelling schemes and assumptions. The influence of bottom 
friction and Coriolis forces and issues of coupling of storm surges with tsunami waves to evolve the 
design basis for the coastal nuclear facilities have been addressed. The result of this assessment has been 
further utilized for tsunami hazard evaluation of coastal nuclear plants in India. 

The tsunami source modelling with regard to the fault parameters, fault multiple segments and 
orientations are described to identify and characterize the tsunamigenic earthquakes in Indian Ocean. The 
TSUSOL code is shown to have special capability of coupled tsunami and acoustic wave simulation, 
which is an important feature for the early warning system. Coupled seabed and water column dynamic 
models are proposed for identifying the tsunamigenic earthquakes with help of tide gauge wave form 
time signal analysis and the associated tsunami periods and wave lengths.  

3. TSUNAMI ANALYSIS WITH NUMERICAL CODES 

The tsunami evaluation of coastal locations for National Warning System and the site evaluation of 
present and future nuclear facilities demand a number of modelling strategies and refinements in the 
numerical models with regard to the source characterization, tsunami propagation and run up evaluation. 
All the numerical models need to be validated with the available data and the necessary improvements 
should be made to arrive at an authentic model. The capabilities of the various numerical codes in use for 
the National Warning System and site evaluation of coastal nuclear facilities carried out through the 
National Round Robin Analysis are described below. 

3.1 Mathematical Models for Tsunami Modelling and Review of Numerical Codes 

3.1.1 TSUSOL Finite Element Code  

A finite element code TSUSOL has been developed at BARC, Trombay to predict the initial source 
term at the sea free surface for seabed induced motion, the tsunami wave propagation and evaluation of 
run up at the shore. This code is based on the earlier developed finite element codes FLUSOL for 2D and 
cylindrical axi-symmetric domains and FLUSHEL for 3D domains (Singh 1990, Singh et al. 1990, 1991) 
for studying coupled fluid-structure interaction problems. In these codes it is possible to model the 
acoustic wave propagation in 2D, cylindrical axi-symmetric and 3D compressible fluid media for any 
earthquake induced ground motion. In addition the earlier versions of these in-house finite element codes 
use linear shallow water equation as boundary conditions for studying free surface gravity wave induced 
oscillations in tanks, dams and harbors. In the present modified code TSUSOL, the 3D problem is 
analyzed within the framework of 2D formulation. The sea bathymetry distribution is used as an input at 
each node point to account for the variation in the gravity wave speed and hence the 3D free surface 
boundary condition is applied uniformly on the entire sea surface 2D grid. The depth integrated 2D-H 
code TSUSOL is suitable for tsunami wave propagation studies as shown by the simulation of Sumatra-
2004 and Makran-1945 tsunami events presented in the next section.  

 
The finite element code TSUSOL is based on the formulation of compressible fluid coupled with the 
seabed structure, where simplifications in the momentum equation with the assumptions of shallow water 
waves are carried out. With the formulation implemented in the in-house finite element code TSUSOL, it 
is possible to analyze the propagation of tsunami waves on a 2D surface grid using free surface flow 
equations uniformly throughout the grid with description of sea bathymetry at each grid point, which is 
accounted into the integral equation of weak form. In addition this code can also be used to analyze the 
2D and cylindrical axi-symmetric problems with full description of water continuum up to the seabed 
where an acceleration time history is specified and the free surface boundary condition is used only at the 
free surface. Hence it is also possible to characterize the tsunami waves at the sea surface and the acoustic 
waves near the seabed, which can be used for tsunami forecasting and acts as a backup for early warning 
system.  
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3.1.2 TNUMI-N2 Finite Difference Code  

TUNAMI-N2 is a finite difference Japanese code developed by Prof. Imamura and is widely used by a 
number of research and academic organizations. It is based on the linear theory in deep sea, shallow-
water theory in shallow sea. The non-linear model in a nested grid configuration of different resolutions 
is embedded with dry-wet boundary conditions for near shore runup computation.  

3.1.3 SWAN Finite Difference Code 

SWAN is a finite difference code for tsunami propagation and uses linear shallow water wave equations, 
within the MIRONE set. 

3.1.4 ANUGA Finite Volume Code  

ANUGA is an Australian finite volume code and uses unstructured triangular meshes and has many 
capabilities suitable for inundation modelling in complex land morphology with structures. 

3.1.5 CAMCOT Finite Difference Code 

This is a finite difference code with similar formulation as TUNAMI-N2 code. 

3.1.6 TIDAL Finite Volume Code 

TIDAL is a finite volume based general purpose commercial code with many features in addition to the 
tsunami modelling developed by Analytic and Computational Research Inc. (ACRi), Bangalore. 

4 PROBLEM SPECIFICATION  

The tsunami source term identification with the details of fault parameters, propagation analysis to obtain 
the tsunami wave height and wave arrival time through global modelling, the local inundation modelling 
on a refined bathymetry and land morphology with a suitable inundation model and the numerical code 
validation with post tsunami survey data, tide gauge records and historical tsunami data are the important 
steps for the qualification of a tsunami mathematical model. With a validated numerical code and the 
tsunami mathematical model, it is further desirable to carry out a number of simulation studies to arrive at 
the design tsunami for a particular coastal nuclear site. This is possible through inverse modelling 
techniques using the data of an instrumented tsunami event to generate improved data of the fault 
parameters. A number of analyses are required with various fault parameters to deduce the refined multi-
segment fault model, which should be consistent with the tide gauge measurements at a number of 
stations. It is desirable to account for all the past historical and the possible future tsunami events to 
arrive at the design tsunami. With this parametric study the uncertainties can be accounted for tsunami 
hazard assessment. In Indian Ocean the tsunami historical data is limited; however, the mega tsunami 
event of December 26, 2004 resulting from Sumatra earthquake of magnitude 9.3 is well studied, 
recorded and instrumented. Further, the events of submarine earthquakes of 28 March 2005 of magnitude 
8.6, July 17, 2006 of magnitude 7.7 and September 12/13, 2007 of magnitudes 8.5/7.9 in Indian Ocean 
region have been analyzed by seismologists and oceanographers. The National Warning System has been 
in place and the earthquake events and the tide gauge data are being continuously recorded and analyzed 
in a regular manner. The tsunami event of 26th December 2004 due to Sumatra earthquake and the 
resulting inundation at the Indian coastal facilities at Kalpakkam was efficiently managed by Indian 
Department of Atomic Energy (DAE) at the Madras Atomic Power Station (MAPS), the upcoming Fast 
Breeder Reactor Bhavini site and the township areas.  In view of the observed inundation a need was felt 
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for the detail evaluation of the present and future coastal nuclear sites for arriving at the design tsunami 
and the present studies were initiated through a DAE Committee as reported in Sasidhar et. al. (2009).      

4.1 Initial Tsunami Studies for National Warning System 

Initial evaluation of tsunami generation and propagation were carried out with the in-house finite element 
code TSUSOL and numerical results were compared with TNUMAI-N2 as reported in Sharma et.al. 
(2005) and Singh et. al. (2008) for Sumatra-2004 tsunami events in Indian ocean (Fig 1-2) and the 
tsunami wave arrival time and the peak wave height were found to be consistent and comparable with the 
post tsunami survey results as reported by Yalciner et. al. (2005) and Inour et. al. (2007). For the Makran 
event of 1945, with parametric study it was possible to characterize the source term and the present 
results (Fig 3) were found to be in agreement with the reported tsunami heights. 

 
150 minute typical height 4.842 m 

 
168.75 minutes typical heights 10.5-10.7 m 

Fig 1 TSUSOL FEM Code Prediction for Sri-Lankan coast 

Tsunami arrival at South Indian coast at 
193.75 min wave height 4.6m 

 
200 minute typical wave height 4.202 m 

Fig 2  TSUSOL FEM Code Prediction for Indian coast for Sumatra-2004 Event 
 

 
Further the time signal analysis of the wave time history (Fig 4) obtained from TSUSOL code confirms 
the reflections from Sri Lanka and various other Indian islands in the Indian Ocean. The reflected wave 
periods from Sri Lanka were computed as 4096 sec, 2560 sec and 1280 sec and compare well with the 
spectral periods of 4380 sec, 2580 sec and 1320 sec respectively from the de-tided data of tide gauge 
records reported by Rabinovich et. al. (2007). The strong reflections of tsunami waves from Sri Lanka 
and Maldives have also been recorded at remote stations in Atlantic and Pacific Oceans and its attributes 
have been confirmed through global models by Kowalik et. al.(2007). Our evaluations of Sumatra-2004 
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tsunami event reported in 2005 have been lately confirmed by all these studies and it provided the 
requisite support to the National Warning System.    
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Fig 4 Time Signal Analysis of Tsunami Waves from TSUSOL Code 

 
 
4.2 National Round Robin Analysis for Nuclear Coastal Sites & Kalpakkam Site 
Evaluation 
Specific requirements for the evaluation of the coastal nuclear sites were subsequently identified and after 
a survey of numerical codes available with the various participants a National Round Robin Analysis was 

Fig 3 Makran (1945) Tsunami Event Simulation in Indian Ocean with FEM Code 
TSUSOL at 0 min, 30 min, 60 min and 120 min 
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coordinated for the nuclear coastal sites. The Kalpakkam site was chosen for the present study where post 
tsunami evaluation data was collected after the Sumatra-2004 event.                                                                                  

The round robin participants from Integrated Coastal Marine Area and Management (ICMAM), Chennai 
and National Geophysical Research Institute (NGRI), Hyderabad used finite difference TUNAMI-N2 
code for global tsunami propagation modelling and the local inundation reach and wave run up 
simulation (Table-1). In addition, NGRI has used COMMIT finite difference code for comparison 
purpose. Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam has used SWAN finite 
difference code for tsunami propagation modelling and ANUGA finite volume code for the local 
inundation reach and wave run up simulation in addition to COMCOT finite difference code. Indian 
Institute of Technology (IIT) Madras has used in-house and commercial finite element/volume codes 
using linear shallow water global propagation model and the regional scale 2D surface model with 
nonlinear shallow water equations for run up and shore line interaction and local scale grid for inundation 
evaluation. Analytic and Computational Research Inc. (ACRi), Bangalore has used finite volume code 
TIDAL with two grids, the uniform coarser grid for the global modelling and another grid with local 
refinement for the inundation and wave run up evaluation. 
 
It has been noted that all the codes have similar capabilities with regard to the tsunami propagation global 
modelling. However, in case of the local modelling of Kalpakkam site for the run up and inundation 
evaluation, different approaches have been used by the various participants.  

 
Table-1 List of Tsunami Codes and Participants for National Tsunami Round Robin Analysis 

 
Sl.No. Participants Numerical Codes  Remarks 
1 IIT Madras FE/FV Codes In house FE/FV codes 
2 ICMAM TUNAMI N2 Finite Difference code 
3 NGRI TUNAMI N2  Finite Difference codes 
4 IGCAR SWAN-FD, ANUGA-FV 

COMCOT-FD 
Open source codes 

5 ACRi TIDALTM - FV In house code FV code 

 

4.2.1 Source Term Identification 

With the initial source term due to Okada (1985) and Mansinha et. al. (1971) models, the initial water 
wave heights were identified for the round robin participants and using propagation models these were 
verified with the Satellite observations (Jason-1 Track 109) at 120 minutes as reported in Singh et. al. 
(2008). The uniform initial condition was specified to enable the inter-code comparison and run up 
evaluation for the round robin analysis for Sumatra-2004 event. 

4.2.2 Bathymetry and Land Morphology for Global and Local Models 

In the initial phase of the work, the round robin participants carried out the preliminary analysis with the 
bathymetry data obtained from ICMAM, which was in the region from 60° E to 105° E longitude and 
from 5.25°S to 5.15° N latitude. The computational grid was defined from 65° E to 102.5° E longitude, 
and from 5.25°S to 25.15° N latitude with a domain of 3845 Km by 3360 Km. The local inundation 
model around Kalpakkam area is refined with a grid size of 90m. Outside this region the average grid size 
is 2’ for the global propagation model. As the participants used different numerical codes and grid 
schemes for the local inundation model, it was desirable to study the influence of the coarse grid 
propagation model results with the refined grid inundation model results for comparison purpose. In 
addition, the three tide gauge locations were selected for evaluation of the global propagation model 
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results with the measured tide gauge data at Paradeep, Visakhapatnam and Chennai, where the de-tided 
data from tide gauges from Survey of India have been evaluated by Rabinovich et. al. (2007).  

4.3 Evaluation of Global Propagation Models with Tide Gauge Data and Prediction for Coastal 
Nuclear Facilities 

The results of tsunami wave height from the global propagation model obtained with different codes for 
the present and prospective future coastal nuclear sites are presented in Table-2. The mean tsunami wave 
height and standard deviation were initially obtained from the predictions. After eliminating the outlier 
data, the global predictions of tsunami heights are in reasonably good agreement (within a range of 
minimum of 2% to the maximum of 25%) for the Indian Coastal Locations as shown in remark column. 
Table 3 shows the comparison of results obtained from different codes at tide gauge stations Paradeep, 
Visakhapatnam and Chennai. Again after eliminating the outlier data, the global predictions of tsunami 
heights are in reasonably good agreement among the participants for these tide gauge locations (within a 
range of 20%-30%). Only for Chennai tide gauge, the mean prediction of 3.35 m tsunami wave height 
has very good comparison with the de-tided measured data of 3.24 m (within ~3.4%) while at other two 
locations the differences are large. This is due to refined bathymetry used by the participants around 
Chennai with an objective to carry out inundation modelling for Kalpakkam nuclear site as presented in 
the next section. 

4.4 Tsunami Inundation Run-up and Inundation Reach for Kalpakkam Site 

Before carrying out the evaluation of tsunami run-up and inundation reach for Kalpakkam nuclear site, it 
was decided to compare the global propagation model tsunami wave height with the wave height 
predicted by the local inundation model for each participant at three common points with water depth of 
100 m. The tsunami wave heights from the global and local models as obtained from the different codes 
are presented in Table-4. All the participants predicted the tsunami wave height from their respective 
global and local models in very close agreement. Again after eliminating the outlier data, the global / 
local predictions of tsunami heights at the common points are in good agreement (within 2% to 12%) 
among the various participants. 
 
Five inundation reach locations (I1-I5) and eight inundation wave run up locations (R1-R8) were 
identified for the present round robin analysis, where the post tsunami measurement were carried out by 
Safety Research Institute (SRI), Kalpakkam (Fig 5-6). Except for location I-4, ICMAM predictions 
compare well with measured values of SRI. All the participants have over predicted the inundation. This 
may be due to the simplified models without any structures and percolation into the ground.  The 
deviation at I-4 was generally high due to proximity of location to Sadras backwaters and land 
morphology grid interpolation error. All the run-up values predicted by various participants are within 
0.5 m. Also, at location R-5 (near Sadras fort) the deviation was large for most of the participants. Except 
for location R-2, ACRi  run-up predictions compare very well with measured values.  

5. CONCLUSIONS AND FUTURE WORK 

The initial studies of tsunami propagation with in-house finite element code TSUSOL has been presented 
for the National Warning System for Sumatra-2004 and Makran-1945 tsunami events. The various codes 
in use for the tsunami propagation and inundation prediction have been evaluated and benchmarked with 
the measured and reported data. Our future efforts are directed towards generating improved source 
models and carry out the detail tsunami studies for the present and future coastal nuclear facilities. 
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Table 2:  Predicted Tsunami Wave Height at Indian Coastal Nuclear Sites from Global 
Analysis 

Indian Costal Sites 

Mean 
tsunami 
height 

(m) 

Std.Dev 
 

(m) 

Predicted  tsunami height (m) 

IGCAR-SWAN IGCAR-
COMCOT IIT-M ICMAM NGRI ACRi 

Remarks 
(Ratio of std. dev. to mean) 

Mumbai 0.29 ± 0.05 0.32 0.25 0.37(H) 0.25 0.30 0.23(L) Good Agreement. Results varied over a 
small range of 14 cm. (17%) 

Trombay (BARC) 0.31 
0.261 

± 0.11 
± 0.041 

0.26 0.28 0.53(H) 0.30 0.20(L) 0.27 Reasonably Good Agreement. Results 
varied over a range of 33 cm. Sigma is 
twice the Mumbai site for nearly same 
mean. IIT-M appears to be an outlier. 
(14%)1 

Tarapur 0.29 ± 0.05  --- 0.33(H) 0.28 0.20(L) 0.30 0.32 Good Agreement. Results varied over a 
small range of 13 cm. (17%)1 

Jaitapur (Ratnagiri) 0.38 
0.41 

± 0.13 
± 0.10 

0.54(H) 0.35 0.33 0.50 0.20(L) 0.33 Reasonably Good Agreement. Results 
varied over a range of 34 cm. Sigma is 
nearly same as that of Trombay site for 
higher mean. NGRI appears to be an 
outlier. (25%)1 

Visakhapatnam 1.57 
1.72 

±0.39 
± 0.11 

1.75 1.85(H) 0.80(L) 1.60 1.80 1.61 Large Range and sigma of 0.39 m.  
IIT-M appears to be an outlier.(6%)1 

Kalpakkam 3.97 
4.09 

±1.20 
± 0.61 

4.05 4.89 4.00 2.00(L) 3.40 5.45(H) Large Range and higher sigma of 
1.2m. ACRi and ICMAM appear to be 
outliers. (15%)1 

Kudankulam 1.53 
1.35 

±0.44 
± 0.11 

1.51 1.41 1.30 1.25(L) 2.40(H) 1.28 Reasonably Good Agreement. NGRI 
appears to be an outlier.(8%)1 

Haripur (WB) 0.80 ± 0.11 0.87 0.83 0.68(L) 0.75 0.97(H) 0.71 Good Agreement.(14%)1 

Patisonapur (Orissa) 1.78 ±0.38  1.96 1.8 1.24  ---  --- 2.1(H) Reasonably Good Agreement (21%)1 
Mithirvirdi (Gujarat) 0.15 

0.29 
±0.14 
-- 

 --- --- 0.01(L) --- --- 0.29(H) Not so good agreement. IIT-M appears 
to be an outlier. Should be closer to 
Trombay &Tarapur sites 

Kovvada (A.P.) 1.61 
2.1 

±0.81 
±0.05 

 --- 2.12(H) 0.68(L)  ---  --- 2.03 Reasonably Good Agreement.  . IIT-M 
appears to be an outlier.(2%)1 
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Table 3: Comparison of Predicted Tsunami Wave Height at Tide Gauge Stations Paradeep, 

Visakhapatnam and Chennai with De-tided Data from Rabinovich et. al. (2007) 

 
 
Table 4: Validation of Global and Local Numerical Models at 100m depth  

 
Tide Gauge 

Station 

Mean  
tsunami 
height 

(m) 

Std.Dev 
 

(m) 
 

Reported 
de-tided  
gauge 
(m) 

Predicted  tsunami height (m) and (sigma to mean ratio %) 

IGCAR-
SWAN 

IGCAR-
COMCOT IIT-M ICMAM NGRI ACRi 

Remark 

Paradeep 1.74 
1.58 

±1.45 
±0.31 

3.18 1.23 1.82 (H) 0.51(L) 0.70 (L) 1.7 4.5 (H) Large range of 
values and high 
sigma of 1.4 m. 
Possible outliers: 
IIT-M ACRi and 
ICMAM(20%1) 

Visakhapatnam 1.96 
1.84 

±1.05 
±0.55 

2.91 2.55 3.68 (H) 0.71 
(L) 

1.20 1.78 1.84 Large range of 
values and high 
sigma of 1.05 m. 
Possible outliers: 
IIT-M & 
IGCAR-
COMCOT.(30%)

Chennai 3.32 
3.35 

±1.09 
±0.77 

3.24 3.43 3.72 4.00 1.80 (L) 4.7 (H) 2.25 Large range of 
values and high 
sigma of 1.09 m. 
Possible outliers: 
IIT-M and NGRI 
(23%1). 

Identified 
Locations 

(100m depth) 
 

Mean  
tsunami 
height 

(m) 

Std.Dev 
 

(m) 

Predicted  tsunami height (m) 

IGCAR-
SWAN 

IGCAR-
COMCOT 

IIT-M 
(Global 
Model) 

IIT-M 
(Local 
Model) 

NGRI ACRi 
Remark 

X - North 2.52 
2.10 

±0.98 
±0.05 

2.07 2.15 3.86 
(H) 
 
 

3.58 
(H) 

1.36 
(L) 

 
2.07 

Large range of 
values and high 
sigma of 0.98 m. 

Possible 
outliers: IIT-M 

NGRI.(2%1) 
Y - Middle 2.14 

2.29 
±0.44 
±0.27 

2.12 2.17 2.73 
(H) 
 
 

2.35 1.37 
(L) 

 
2.08 

Moderate range 
of values with  
sigma of 0.44 m. 
Possible outlier:  
NGRI.(12%1) 

Z – South 1.77 
1.92 

±0.43 
±0.21 
 

2.1 2.12 (H) 1.9 
 
 

1.61 0.98 
(L) 

1.89 Moderate range 
of values with  
sigma of 0.43 m. 
Possible outlier:  
NGRI.(11%1) 
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Table 5: Comparison of Predicted Inundation Reach for Kalpakkam site 
 

Identified 
Location 

 

Inundation (m) 
SRI 

 IGCAR IIT- M ICMAM NGRI ACRi 

Measured Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. 
I-1 241 560 +319 430 +189 322 +91 600 +359 547 +306 
I-2 224 615 +391 662 +438 185 -39 601 +377 458 +234 
I-3 217 330 +113 156 -61 212 -5 212 -5 362 +125 
I-4 312 615 +303 350 +38 845 +533 1350 +1038 1310 +998 
I-5 236 335 +99 385 +149 299 +63 350 +114 458 +222 

 
Table 6: Comparison of Predicted Run-Up for Kalpakkam site 

 
Identified 
Location 

 

Run up (m) 
SRI IGCAR IIT- M ICMAM NGRI ACRi 

Measured Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. 
R-1 4.60 3.99 -0.61 6.00 +1.40 2.83 -1.77 3.46 -1.14 3.5 -1.1 
R-2 4.50 5.15 +0.65 5.72 +1.22 3.88 -0.62 4.00 -0.50 5.74 +1.24
R-3 4.60 4.9 +0.30 5.70 +1.10 3.75 -0.85 3.95 -0.65 4.49 -0.11 
R-4 4.80 4.57 -0.23  5.78 +0.98 2.95 -1.85 3.14 -1.66 4.27 -0.11 
R-5 6.60 4.46 -2.14 5.80 -0.80 3.53 -3.07 3.99 -2.61 5.22 -1.38 
R-6 4.75 3.79 -0.96 5.77 +1.02 3.20 -1.55 3.52 -1.23 4.38 -0.37 
R-7 4.10 2.73 -1.37 5.82 +1.72 2.66 -1.44 3.97 -0.13 4.19 +0.09
R-8 3.80 2.68 -1.12 5.83 +2.03 2.45 -1.35 3.94 +0.14 3.79 -0.01 
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            Fig 5 Inundation Reach at locations I1 I3 I4 I5 in Kalpakkam Nuclear Site 
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            Fig 6 Inundation Reach at locations I1 I3 I4 I5 in Kalpakkam Nuclear Site 

 


