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PREFACE

2013-14 National e-Governance Award-Gold was bagged by D epartm ent Science & 
Technology - Institute of Seismological Research under a new category of ‘Outstanding 
eGovernance Initiatives by Academic and Research Institutions’ on “Effective Seismological 
M onitoring Through e-Governance to Save Lives and Damage due to E arthquakes”.
The award was given by two Government of India ministries (i) Department of 
Administrative Reforms and Public Grievances (ii) Department of Electronics and 
Communication. The project aimed establishing of an advanced infrastructure for seismic 
monitoring in Gujarat as a preparedness effort to save lives and damage to property from 
earthquakes. Through online functionality and auto location the earthquake parameters are 
disseminated within minutes to state authorities, disaster management team and general 
public through SMS, email and website. Earlier it used to take hours. The quick availability 
of earthquake information as well as potential damage map and shake map increase the 
ability and efficiency of decision makers and hence significantly reduces the time delay in 
start of the relief work. The reliable and immediate reports provided to media allay the 
anxiety / fear among the people. The data available on website is used nationwide for M. 
Tech. dissertations and PhD theses. The outcome is also tsunami alert; earthquake hazard and 
loss assessment; and basic as well as applied research in seismology and engineering.

Important revelation from GPS studies is that the Narmada area of western 
Maharashtra close to Gujarat shows 3-4 mm/yr displacement towards NE. This estimate is 
double than earlier belief. The northern part of Kachchh moves southwestward by 2 mm/r or 
so. This direction is different than the normal plate motion direction towards NE.

Scientific activities at ISR started mid-2006. Presently 40 scientists, 15 research 
scholars and 30 Technical staff are working. Major funding (~Rs. 10-20 crore) is from 
Government of Gujarat. Government of India sponsored projects are from MoES, ISRO and 
Atomic Energy.

The new projects are: (i) Four ‘Fast Track projects’ from DST, New Delhi on 
geological aspects, (ii) German project (through DST, New Delhi) with Karlsruhe Institute on 
Earthquake Hazard and Loss assessment (iii) Two Indo-Taiwan collaborative research 
projects (iv) ISRO project on GPS-DInSAR studies on Kachchh Mainland fault for 
calibration of Earth Satellite (v) 3D Magnetotelluric survey for geothermal energy from Guj. 
Power Corp. Ltd.

During 2013 some important projects were completed including: (i) Seismic 
Microzonation of Dholera Special Investment Region as well as on the project “Assessment 
of Seismic and tsunami Hazard on Installations in Coastal Gujarat” . Significant progress was 
achieved for the projects on seismic microzonation of Gandhinagar and Ahmedabad and 3D 
Magnetotelluric survey in Kachchh. With the induction of 12 regular positions some of the 
sections got much needed manpower support and the work improved. However, still much 
greater number of regular positions is required to carry out the work efficiently and also to

4



take up new projects. Fixed salaries being meagre in ad hoc positions of scientists and the 
research scholars, attrition is high and many experienced persons are leaving every year. 
Nevertheless the scientists who stayed back worked doubly hard and increased the number of 
SCI research papers and external cash flow. Three scientists got PhD. Some 32 research 
papers in SCI Journals during 2013-14, some 9 Technical Reports and 94 abstracts were 
published and papers were presented by ISR Scientists in Seminars/Symposia during 2013
14.

The seismological network of 60 broadband seismographs with VSAT connectivity operated 
smoothly. About 60 strong motion accelerographs were also operated. Aftershock activity of 
the 2001 Bhuj earthquake continued and some other faults in Kachchh experienced low level 
activity. Three earthquakes of magnitude 4+ occurred in Kachchh in 2013.

Seismic, gravity, magnetotelluric, resistivity, GPR and other geophysical surveys were 
carried out for study of crustal structure and faults. Detection of active faults and pre-historic 
earthquakes in Kachchh continued through paleoseismological studies. ISR has pioneered a 
technique of 3D fault mapping by magnetotelluric investigation. Such surveys were done in 
Kachchh for identification of faults and in mainland Gujarat for geothermal source 
identification.

Crustal deformation study is being carried out through GPS measurements in seismically 
active belts of Gujarat. Twenty-two permanent GPS stations were setup in Gujarat and eleven 
campaign mode GPS stations were deployed in the Kachchh region. InSAR studies indicate 
significant uplift around the Kachchh Mainland Fault and Katrol Hill fault.

Earthquake Research Center at Bhachau and three multi-parametric geophysical 
observatories for earthquake prediction research in Kachchh were run smoothly. Precursory 
signals were observed in radon, gravity and magnetic fields.

As per our OUTREACH PROGRAM we helped a number of Universities in Gujarat as well 
as other universities in India in many ways like training their students in geology, geophysics, 
geotechnical investigations in our rich labs and field surveys, delivering lectures in their 
special courses. Some 50 students completed M.Sc., M. Tech. dissertations by way of 
working for durations of 2 to 7 months and some 50 others were trained in summer / winter 
training programs for which students come from all corners of the country. Average 2/month 
large groups of students are visiting ISR.

Dr. B. K. Rastogi, Director General
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CHAPTER 1
1. EARTHQUAKE M ONITORING AND SEISM ICITY PATTERNS IN

GUJARAT
(Santosh Kumar, A.P. Singh, P. Mahesh, Vandana Patel, Ketan Roy)

1.1 SEISM IC NETW ORK
Gujarat State Seismic Network being maintained by Institute of Seismological Research, 
Gandhinagar since July 2006 (Fig. 1.1) functioned well with 60 Broadband Seismograph 
Stations (BBS) spread throughout the state and neighboring areas. Total 45 of which 
(including two very broadband seismographs) are connected via VSAT to ISR and the rest 
are offline. Some 54 Strong Motion Accelerographs (SMA) are also deployed. The network 
has detectibility of M2.0 in the Kachchh active area and M2.5 in the other areas of Gujarat. 
The main shocks during 1668 to 2013 in Gujarat are depicted in Fig. 1.2 and listed in 
Appendix-1.

1.2 DESCRIPTION OF RECORDED EARTHQUAKES

1.2.1 STRONG M OTION ACCELEROGRAPH DATA

In the year 2013, some 38 shocks of M2.0-4.5 were recorded on strong motion 

accelerographs. Out of which 8 shocks (in Kachchh) were recorded on 2 or more stations 

Remaining shocks were recorded on only 1 SMA station. Out of 38 shocks 13 were from 

Talala region having M2.0-3.6 on Hirenvel SMA Station. In Kachchh 17 shocks were 

recorded in one of the accelerographs. In Kachchh a tremor on 30th March 2014 of M4.5 

which occurred 27km WSW of Rapar was recorded on 8 SMA stations. A moderate 

earthquake of M4.5 occurred 20 km SSE of Dholavira on 29h July. 2012 was recorded at 4 

SMA. Tremor on 3rd Sep 2013 of M4.1 which occurred 49 km NNE from Khavda, Kachchh 

(INDO-PAK Border) was recorded on single SMA. Table 1.1 & Figure 1.2 show the shocks 

of M>4.0 occurred in Kachchh in year 2013.

Table 1.1: List of earthquakes of M~4 or more and no. of SMA stations triggered

M
Date Time Lat Long Depth NST

(SMA)
Region

4.5 30-Mar-13 12:03 PM 23.56 70.38 24.4 8 27 km WSW of Rapar,Kachchh
4.5 29-Jul-13 6:37 PM 23.45 70.57 19.3 4 8 Km NE of Vamka, Kachchh
4.1 3-Sep-13 1:16 AM 24.28 69.78 6.1 1 49 km NNE From Khavda, 

Kachchh (INDO-PAK Border)
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Fig. 1.1: Seismograph stations in Gujarat Net including 45 online Broad Band Seismographs 
(includes 2 Very Broad Band Seismographs), 10 offline Broad Band Seismographs and 54 
Accelerographs.

Fig. 1.2: Earthquakes of M~4 or more which occurred in 2013 in Kachchh.
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DESCRIPTION OF EARTHQUAKES IN DIFFERENT PARTS OF GUJARAT 
DURING 2013

Fig. 1.3a shows epicenters of shocks of M>2 during 2013 superimposed on the map of 
historical seismicity since 1668. Fig. 1.3b shows epicenters and Fig. 1.4 numbers of all 
located earthquakes of magnitude range 0.5 to 4.5 (less no. of < M1) in Gujarat during 2013.

Table 1.2: Regional Distribution of Earthquakes Located in Gujarat during 2013

Region <2.0 2-2.9 3-3.9 4-4.9 Total

Kachchh 823 281 59 3 1166

Saurashtra 212 35 3 - 250

Mainland* 141 21 4 - 166

Total 1176 337 66 3 1582

*Includes some shocks of Sardar Sarovar project area

Magnitude-wise distribution of earthquakes in the three regions of Gujarat during 2013 is 
given in Table 1.2. In the Kachchh region 1166 shocks were located of M0.5- 4.5 (74% of 
total in Gujarat). In the Saurashtra region 250 shocks were located of M0.9 - 3.6(16% of 
total in Gujarat). In the mainland 166 shocks were located of M1.0 -  3.3 (10% of total in 
Gujarat).

During 2013, the network recorded nearly 1800 shocks of M0.5 to 4.5 out of which 
hypocentral parameters of 1582 shocks were located. Additional 33 regional earthquakes 
were recorded from Madhya Pradesh, Maharashtra, Rajasthan, Delhi and Himalaya with 
shock of Mmax.5.8 in J & K on 1.5. 2013. Some 165 distant earthquakes of M4.0 or greater 
were recorded which included M7.8 in Iran on 16.4.13 and M7.7 on 24.9.2013 in Pakistan. 
Distant shock of Mmax.8.3 was recorded on 24.05.2013 beneath the Sea of Okhotsk, Russia.
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Fig. 1.3a: Epicenters o f earthquakes o f M>2 from 1668 to 2013 in Gujarat excluding 
foreshocks and aftershocks.
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Fig. 1.3b: Epicentres of earthquakes in magnitude range 0.5 to 4.5 in Gujarat during 2013

Table 1.4: Showing the month wise seismicity in three regions namely Kachchh, Saurashtra 
and Mainland of Gujarat in year 2013.

Month
Region

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Kachchh 122 102 121 102 97 87 96 73 125 88 78 75 1166
Saurashtra 51 28 36 25 15 11 15 10 9 15 12 23 250
Mainland 18 5 8 18 8 11 7 11 21 21 25 13 166
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Fig. 1.4: Histogram showing the month wise seismicity in three regions namely Kachchh, 
Saurashtra and Mainland of Gujarat in year 2013.

Seismicity in Kachchh

This year in Kachchh, there were 823 shocks of M0.5-1.9, 281 shocks of M2.0-2.9, 59 shocks 
of M3.0-3.9, and 3 shocks of M>4.0. Shock of M4.5 occurred on 30th March 2013, 27 km 
WSW of Rapar. Another shock of M4.5 occurred on 29th June 2013, 8 km NE of Vamka. 
Shock of M4.1 occurred on 3rd Sept 2013, 49 km NNE of Khavda on Indo-Pak border.

Focal depths of Kachchh earthquakes for M>3.0 which occurred in year 2012 are depicted in 
Fig. 1.5.

Latitude
23 23.2 23.4 23.6 23.8 24 24.2

60

Fig. 1.5 : Focal depths of the earthquakes of M>3.0 in Kachchh during 2013.
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Seismicity in Saurashtra

Epicenters of earthquakes of magnitude 0.9 to 3.6 in Saurashtra during 2013 are shown in 
Fig. 1.6. Shock of Mmax.3.6 occurred on 15th Oct. 2013, 22km NNW of Talala as discussed 
in the next section.

During August 2006 to December 2013, some 123 earthquakes have occurred of M3- 
3.9, some 7 earthquakes of M4-4.9 and 2 earthquakes of M5.0 & M5.1 in Saurashtra (Tables 
1.4, 1.5, 1.6 & Figs.1.6 and 1.7)._Tremors were recorded year after year from previously 
active areas such as Talala (M>5.0 on 6th November 2007 and on 20th Oct. 2011), near 
Surendranagar (M3.7 in 2008), near Jamnagar M4 in 2006, near Rajkot (Mmax.3.4 on 19th 
Sept. 2012) and Adwana. No shock was noticed near Adwana, and, this year activity had 
been less in all the other areas of Saurashtra (Fig. 1.8) as described below:

The Seismic activity in Talala of Junagadh District:
In the year 2013, some 34 shocks of M0.9- 3.6 were recorded from Talala area. Earthquake of 
Mmax.3.6 occurred on 15th Oct. 2013, 22km NNW of Talala. In year 2011, an earthquake of 
Mw5.1 occurred, 12 km WNW of Talala in Gir on 20th Oct. An aftershock of M4.1 that 
occurred about 9 hours after the mainshock on 21st Oct. and another of M4.0 on 12th 
November 2012 were also strongly felt.

Seismic activity around Rajkot: In the year 2013, 6 shocks were recorded with M1.4-2.2. 
Shock of Mmax.2.2 was recorded on 29th Nov. 2013, 42km ENE of Rajkot district.

Seismic activity south of Surendranagar:

In the year 2013, 139 shocks of M1.1-2.7 were recorded. Shock of Mmax.2.7 was recorded 
on 21st Jan 2013, 25 km NNW of Surendranagar.

Seismic activity south of Jam nagar:

Only 4 shocks of M1.8-2.2 were recorded in Jamnagar.
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Figure1.6: Epicenters of earthquakes of M 0.5 to 3.4 in Saurashtra during 2013.

Table 1.4: Seismicity of M> 3.0 from Aug. 2006 to December 2013 in the Saurashtra region

Magnitude Range No. of earthquakes

3.0-3.9 123

4.0-4.9 7

>5.0 2

13



140

120

100

ns3CT 80

60o
6z

40

20

0
3.0-3.9 4.0-4.9 >5.0

Fig. 1.7 : Number of earthquakes in Saurashtra during Aug. 2006-Dec. 2013 in three 
magnitude categories.

Table 1.5: List of earthquakes with magnitude M> 3.0 in the Saurashtra region during 2013.

Date Time Lat Long Dep M Region
02-Jan-13 8:28 PM 22.56 68.82 6.1 3.3 38 Km NNW from 

Dwarika, Saurashtra
03-Aug-13 11:56 PM 21.18 70.61 6.1 3.4 16 km NNE from Talala, 

Saurashtra
15-Oct-13 2:33 PM 21.23 70.43 10.9 3.6 22 km NNW of 

Talala,Saurashtra

Table 1.6: Annual number of earthquakes of M 0.5 to 5.1 in different areas of the Saurashtra 
region during 2007 to 2013.

Year 2007 2008 2009 2010 2011 2012 2013

Rajkot 7 12 20 33 21 12 6

Surendranagar 39 174 325 314 311 537 139

Talala 361 375 67 113 465 83 34

Jamnagar 87 25 29 182 24 8 4

Total 494 586 441 642 821 393 183
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Fig 1.8: Histogram showing the year wise seismicity variation in Jamnagar, Talala 
(Junagarh), Surendranagar and Rajkot district of Saurashtra (mostlyM~1 and greater)
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Table 1.8: List of earthquakes region wise with magnitude M0.9-3.6 in the Saurashtra region 
in 2013. No earthquake was felt in Adwana (Porbandar) area

Region < 2.0 2.0-2.9 3.0-3.9
Lalpur 3 1 0
Talala
(Junagarh) 24 7 3
Bhavnagar 10 4 0
Rajkot 5 1 0

Table 1.9: Month wise list of earthquakes within the Saurashtra region during 2013.

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total
Lalpur 2 0 1 0 0 0 0 1 0 0 0 0 4
Talala 7 3 4 1 3 1 0 3 3 4 1 4 34
Bhavnagar 1 1 2 0 0 3 1 1 0 3 1 1 14
Rajkot 0 0 0 1 0 1 1 1 1 0 1 0 6

Earthquakes in M ainland G ujarat

In the year 2012, Some 167 shocks of M1.0-3.3 were recorded from mainland region. 
Out of these 3 shocks are of M>3.0. Shock of Mmax.3.3 occurred on 3 rd August 2013, 44 km 
NNE from Dharoi in North Gujarat

Appendix I: List of main-shocks (of M>2) recorded in G ujara t in year 2013.

Date HR MN Lat Long M Region

02-Jan-13 14 58 22.56 68.82 3.3 38 Km NNW from Dwarika, Saurashtra

06-Jan-13 5 33 21.99 69.85 2 25 km SSW from Lalpur, Saurashtra

16-Jan-13 14 53 21.13 70.57 2.2 9 km NNE from T alala, Saurashtra

21-Jan-13 2 0 22.86 71.46 2.7 25 km NNW of Surendranagar, Saurashtra

27-Jan-13 13 2 21.14 70.82 2.1 31 km ENE of T alala, Saurashtra

30-Jan-13 12 55 21.67 71.99 2.2 19 km W SW of Bhavnagar, Saurashtra

01-Feb-13 15 19 21.18 70.57 2.3 15 km NNE from T alala, Saurashtra

11 -Feb-13 8 28 22.72 70.93 2.9 15 km ESE of Morbi,Saurashtra

15-Feb-13 10 23 24.3 71.7 3.2 20 km ESE from Vav, Banaskantha

01 -M ar-13 11 46 22.46 71.63 2.5 30 km SSE from Surendranagar, Saurashtra

01 -M ar-13 10 16 21.31 70.78 2.2 39 Km NNE from Talala, Saurashtra

02-Mar-13 13 23 21.15 70.7 2.3 21 km ENE from Talala, Saurashtra

07 -M ar-13 10 31 21.39 70.18 2.3 Bhanvad,Dwarika, Saurashtra

14-Mar-13 12 28 22.49 71.53 2.5 30 km SSW from Surendranagar, Saurashtra

19-Mar-13 17 15 21.43 72.43 2.4 48 km SSE from Bhavnagar, Saurashtra

30-Mar-13 18 33 23.57 70.38 4.5 27 km WSW of Rapar,Kachchh

04-Apr-13 3 35 24.02 71.71 2.4 22 km NNE of Radhanpur,North Guj arat
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08-Apr-13 9 47 24.27 71.73 2.2 24 km ESE of Vav, North Guj arat

08-Apr-13 12 51 21.56 73.47 2.6 37 km SSW of Kevadiya, South Gujarat

09-Apr-13 18 55 23.2 70.98 2 45 km NNE of Morbi, Saurashtra

26-Apr-13 14 16 23.64 71.64 2.7 22 km SSE from Radhanpur, Patan

20-May-
13

18 52 20.36 72.78 2.5 31 km SSW of Valsad,South Gujarat

04-Jun-13 13 31 21.67 72.02 2.1 17 km WSW from Bhavnagar, Saurashtra

15-Jun-13 5 23 21.67 72.02 2 17 km WSW from Bhavnagar, Saurashtra

21-Jun-13 6 10 21.08 70.69 2.8 17 Km ENE of Talala, Saurashtra

08-Jul-13 23 5 20.63 70.09 2.2 55 km SSW from Mangrol, Saurashtra

28-Jul-13 8 50 21.87 70.52 2 28 km ENE from Upleta, Saurashtra

29-Jul-13 13 7 23.45 70.58 4.5 8 Km NE of Vamka, Kachchh

03-Aug-13 18 26 21.18 70.61 3.4 16 km NNE from Talala, Saurashtra

03-Aug-13 1 17 24.4 72.85 3.3 44 km NNE from Dharoi, North Guj arat

11 -Aug-13 20 50 21.31 71.1 2 35 km SSW from Amreli, Saurashtra

26-Aug-13 19 0 24.2 71.25 2.4 32 km WSW from Wav,Banaskantha

03-Sep-13 19 46 24.28 69.78 4.1 49 km NNE From Khavda, Kachchh 
(INDO-PAK Border)

04-Sep-13 10 34 20.28 70.39 2.1 87 km SSW from Talala, Saurashtra

11-Sep-13 23 34 22.21 71.26 2.2 41 km WNW from Botad, Saurashtra

24-Sep-13 14 18 21.16 70.65 2.5 17 km ENE from Talala,Saurashtra

24-Sep-13 7 56 24.71 72.74 2.3 67 km NNE from Palanpur,Banaskantha

04-Oct-13 14 50 24.46 72.09 2.6 24 km NNW from Deesa, Banaskantha

06-Oct-13 1 18 20.71 73.23 2.1 33 km ENE from Valsad, South Gujarat

10-Oct-13 17 12 21.01 69.63 2 51 km WSW from Mangrol, Saurashtra

11-Oct-13 11 28 21.66 72 2.1 19 km W SW from Bhavnagar, Saurashtra

15-Oct-13 8 51 21.24 70.46 2.2 22 km NNW of Talala,Saurashtra

15-Oct-13 9 3 21.23 70.44 3.6 22 km NNW of Talala,Saurashtra

05-Nov-13 2 27 20.35 72.96 2.9 29 km SSE from Valsad, South Gujarat

07-Nov-13 16 32 20.77 73.43 2.2 50 km SSW from Ukai,

11 -Nov-13 14 58 21.13 71.16 2.1 36 km NNE from Una, Saurashtra

26-Nov-13 8 39 21.71 71.99 2.4 17 km WSW from Bhavnagar, Saurashtra

29-Nov-13 22 56 22.37 71.2 2.2 42 km ENE from Rajkot, Saurashtra

10-Dec-13 3 24 21.74 73.8 2.4 28 Km ESE from Sardar Sarovar Dam

14-Dec-13 10 16 22.44 71.27 2.5 48 km W SW from Surendranagar, 
Saurashtra

17-Dec-13 22 58 22.45 71.29 2.6 46 km W SW from Surendranagar, 
Saurashtra

24-Dec-13 18 40 20.59 71.43 2.1 47 km ESE from Una, Saurashtra
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Appendix 2: List of earthquakes (of M>2) recorded on single station, mostly at SMA 
station in Hirenvel, Talala.

Year MN DD H R MM Sec Lat Lon Dep M
2013 1 16 14 53 6.1 21.13 70.567 12.3 2.2
2013 1 27 12 42 7.5 21.144 70.818 3.1 2.1
2013 3 1 10 16 36.1 21.311 70.784 15 2.2
2013 3 2 13 23 37.4 21.149 70.704 7.6 2.3
2013 3 7 10 31 24 21.391 69.183 14.2 2.3
2013 6 21 6 10 9.9 21.09 70.715 9.2 3.1
2013 7 7 23 5 9.6 20.666 70.102 6.3 2.2
2013 8 3 18 26 24.6 21.169 70.57 6.9 3.3
2013 8 7 20 18 2.9 21.736 70.727 15 2.3
2013 9 24 14 18 26.7 21.164 70.649 6 2.5
2013 10 10 17 12 2.1 21.011 69.634 6.6 2
2013 10 15 8 51 23.1 21.244 70.464 7.7 2.2
2013 10 15 9 3 44.4 21.233 70.499 15 3.6

18



CHAPTER 2

PHYSICS OF EARTHQUAKE PROCESS

2.1 FOCAL M ECHANISM  BY M OM ENT TENSOR SOLUTION AND FIRST 
M OTIONS FO R  2013 M4.4 EARTHQUAKE

(Jyoti Sharma, B.K. Rastogi and N. Purnachandra Rao)
An earthquake of M 4.4 occurred on July 29, 2013 at 13:07:3.2 (GMT) along SWF in Kachchh. 
Epicentral map of the of the relocated foreshocks, aftershocks and the mainshock is shown by Fig. 2.1 
and the depth section in Fig. 2.2. Waveform matching and the Moment-Tensor Focal 
Mechanism Solution obtained in the study are depicted in Fig. 2.3. Similar fault trend is 
indicated by fault-plane solution obtained with first motion directions (Fig. 2.4).

Details of the M oment-Tensor Focal M echanism Solution: Good signal to noise ratio 
could be obtained for velocity data of 3-component stations at epicentral distances ranging 
from 34 to 247 km and azimuth varying from 27o to 354o. Full waveforms, amounting to 
several seconds of each trace are low-pass filtered by a 2-pole Butterworth filter in the 
frequency range of 0.04 -  0.1 Hz. After that, waveforms are rotated, integrated and re
sampled at 1 Hz to obtain the displacement seismograms. The synthetic seismograms are then 
generated by convolving source time function with computed green function. The Green’s 
functions are computed using the approach of Takeo (1987), which uses a combination of the 
generalized reflection-transmission matrix method (Kennett, 1974, 1980) and the discrete 
wave number summation method (Bouchon, 1981). A simple triangular pulse is 
approximated for the source time function. In the final step inversion is performed to obtain 
the best waveform matching between observed and synthetic seismograms. Here, moment 
tensor inversion technique of Kikuchi and Kanamori (1991) which is slightly modified for the 
near field earthquakes by Kosuga (1996) is used for inversion. The observed and synthetic 
waveforms are matched using the cross-correlation approach with the criterion of obtaining 
minimum mismatch error. The CMT shows maximum part of thrust movement with small strike- 
slip component, along a EW trending plane. The pressure axis is oriented in N direction.
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Fig. 2.1: Epicentral map of the foreshocks, aftershocks along with the mainshock M4.4.
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Fig.2.2: Depth section of the foreshocks, aftershocks along with the mainshock M4.4.
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Fig. 2.3: Waveform inversion result for the 29th July 2013, M 4.4, using the inversion approach of 
Kikuchi & Kanamori (1991). The waveform match between the observed (red) and synthetic (blue) 
filtered displacement seismograms is shown along with the source time function and focal mechanism 
obtained.
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Fig. 2.4: Focal mechanism obtained by first motion direction for the 29th July 2013, M 4.4
earthquake using local data sets.

Fault plane solution form MTS for the 29th July 2013, M 4.4 Earthquake 
NP1: Strike = 106.8 Dip = 42.6 Slip = 116.9

NP2: 252.2 52.9 67.4

Fault plane solution form first motion for the 29th July 2013, M 4.4 Earthquake 

NP1: Strike = 121.4 Dip = 42.2 Slip = 149.4

NP2: 235.0 70.0 52.0

2.2 FOCAL M ECHANISM  BY M OM ENT TENSOR SOLUTION FO R  2014 M4.2 
EARTHQUAKE NEAR BHACHAU

(Jyoti Sharma, B.K. Rastogi and N. Purnachandra Rao)

An earthquake of M 4.2 occurred on March 8, 2014 at 19:01:9.8 (GMT) near Bhachau in the 
Kachchh region as shown in the Fig. 2.5. Epicentral map and depth section of the of the relocated
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foreshocks and aftershocks activities along with the mainshock of M4.2 are shown by Fig. 2.5 and 
Fig. 2.6, respectively. Waveform matching obtained in the study is depicted in Fig.7. The 
stations used in the present analysis are at epicentral distance 58 to 176 km and azimuth 
varying from 44° to 319°.

69 ' 48 ' 70*00 '  70*12' 70‘ 24' 70*36 ' 70*48 '

24*00’

23*48'

23*36’

23*24’
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Fig. 2.5: Epicentral map of the foreshocks, aftershocks along with the mainshock M4.2.

Latitude
23.2 23.4 23.6 23.8 24.0

Fig.2.6 Depth section of the foreshocks, aftershocks along with the mainshock M4.4.
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The earthquake is located in the stepover zone of Kachchh Mainland fault to South Wagad fault and 
indicates a combination of strike-slip and normal faulting along a NNW striking fault.

Fig. 2.7: Waveform inversion result for the earthquake of 8th March 2014, M 4.2 using the inversion 
approach of Kikuchi & Kanamori (1991). The waveform match between the observed (red) and synthetic 
(blue) filtered displacement seismograms is shown along with the source time function and focal 
mechanism obtained.

Fault plane solution form MTS for the 08th March 2014, M 4.2 

NP1: Strike = 335.3 Dip = 47.0 Slip = 179.2

NP2: 65.8 89.4 43.0
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2.3 SEISM ICTY AND REGIONAL WAVE PROPAGATION IN KACHCHH
(P. Mahesh & B. K. Rastogi)

For this study we have used seismicity of Kachchh region during 2102 recored by Gujarat 
State Seismic Network.

D atat Analysis: We have picked P- and S- phases, using the earthquake analysis software 
SEISAN (Havskov and Ottemueller, 2003). The observed time uncertainty to P and S phases 
is: 0.05 to 0.30s for P- and 0.1 to 0.5s for S- arrivals for events inside the network. A total of 
1424 local earthquake records of magnitude 0.5 to 5.0 which had registered a minimum of 4 
P- arrivals and 3 S- arrivals, were selected for inversion of their hypocenters using 
Hypocenter (Lienert et al. 1986). We used the velocity model of Mandal et al., 2006 for 
location of earthquakes. The average Vp/Vs ratio (1.73) was abstracted from the P- and S- 
wave arrival time data from our network using Wadati Method (Fig. 2.8). We have used only 
the events of M>=3 for computing average Vp/Vs ratio. Epicenters of earthquakes of 
magnitude 0.5 to 5.0 in Kachchh during 2012 are shown in Figure 2.9a. The hypocenter 
locations were further constrained by relocating all these 1424 earthquakes, using the 
hypoDD algorithm (Waldhouser and Ellsworth, 2000; Waldhauser, 2001), which exploits 
similarities in the event-station paths of a closely spaced cluster of events recorded at a 
relatively farther distance. We observed that the quality of relocated events significantly 
improves because of the drastically reduction of travel time residuals. The double-difference 
relocations get more clustered compared to initial locations (Fig. 2.9b). Significant Seismicity 
is associated with NWF, GF and KMF.

Figure 2.8: Wadati plot for the estimation of Vp/Vs ratio.
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Figure 2.9: Seismicity of Kachchh a) Initial locations b) Relocation with HypoDD
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2.3.1 Regional W ave Propagation

We have selected very good quality 65 events of M>=3 for this analysis. The arrival times of 
the first P- & S- phases were plotted against the epicenter distance to obtain the crossover 
distance. The crossover distance is the distance at which the refracted waves (Pn and Sn) 
arrives first. For this, the earthquakes with epicentral distances within 350 km were 
considered. Two linear trends with crossover distance at 110 km are observed (Figure 2.10). 
From the slopes of these two linear trends, the velocities for Pg  and Pn are found to be 6.65 ± 
0.05 and 7.96 ± 0.06 km/sec (Fig. 2.11a & c). The average Moho depth is estimated by using 
the formula

x c = 2h [(V2 + Vi)/ (V2 -  Vi)] 1/2.
Where xc = crossover distance and V and V2 are overlying medium and refractor.
We observed that the average Moho depth is 38 km, which is well correlated with the average 
crustal thickness obtained by the receiver function analysis (Mandal et al., 2012)

Similar linear regressions were performed for the S-wave travel time to obtain the S- 
wave velocities. The velocities of Sg and Sn are 3.79 ± 0.04 and 4.63 ± 0.02 km/sec 
respectively, giving the Moho thickness of 41 km. This analysis gives mean VP/VS ratios of 
1.75 and 1.72 for the crust and the uppermost mantle, respectively.

Fig. 2.10: Reduced travel time plots for finding crossover distance of first arrivals for a) P- 
Wave. b) S- wave
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Figure 2.11: Travel-time curves of P- & S- wave arrivals for earthquakes with epicentral 
distances. a) Estimation of the average crustal P-velocity. b) Estimation of the average crustal 
S-velocity. c) Estimation of average Pn. d) Estimation of average Sn. The least square 
regression lines are taken for two ranges of distances indicating the crust and the uppermost 
mantle.

2.4 UPPER CRUSTAL STRUCTURE BENEATH THE TALALA EARTHQUAKE 
REGION OF SAURASHTRA, GUJARAT

(P. Mahesh, Sandeep Gupta, B. K. Rastogi and Santosh Kumar)

The Talala (Sasangir) region of Saurahstra is one of the seismically active regions of Gujarat 
and has been site of moderate sized earthquakes in recent past, e.g., November 6, 2007 (Mw 
5.0) and October 20, 2011 (Mw 5.1). To understand the process of earthquake generation in 
the region, we constrain earthquake distribution pattern and determine the crustal velocity 
variation using aftershocks of 2007 & 2011 Talala earthquakes recorded by the Gujarat 
Seismic Network, being operated by the Institute of Seismological Research (ISR), Gujarat. 
In addition to aftershock data, we also included local earthquakes recorded during 2008 to 
2012. In total, we inverted 2400 P- and 2200 S- wave arrival times from 550 earthquakes. 
Hypocenters were relocated accurately using relative relocation (double-difference) method. 
It is observed that that the majority of the hypocenters are following ENE trend extending up 
to a distance of 25 km and depths up to 12 km (Fig. 2.12). A small conjugate trend exists in 
NNW direction. The wave paths cover an area of 40 km x 80 km (Fig. 2.13). The
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tomography images show heterogeneous crustal structure beneath the Talala earthquake 
source zone. It is observed that the 2007 and 2011 Talala earthquakes are located near the 
boundary of low and high P- wave velocity (Vp) (Fig. 2.14). The hypocenters of main shocks 
are within high Vp/Vs (Fig. 2.15), a region of high pore pressure and/or fluid-filled 
microcracks and are following boundary of high and low velocity zones. ENE trend shows 
low Vp for a length of 60 km at shallow depths which follows low Bouguer anomaly.

Figure 2.12: 3-D hypoenteral distribution of the earthquakes (open circles M>1.5) 
relocated using HypoDD. The fault plane solutions of the 2007 and 2011 Talala 
earthquakes are shown.

Figure 2.13: Distribution of seismic ray paths used in the study, in plan view. The stations 
and events are represented by red triangles and yellow dots (M>1.5), respectively. Stars 
represent the Talala main shocks.
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Figure 2.14: Plan view of P - wave velocity (Vp) images. The layer depths are shown on 
the upper-right corner of each map. Red and blue colors denote low and high velocities, 
respectively. The velocity perturbation scale (in %) is shown at the bottom. The triangles 
represent the station locations. Crosses show the grid nodes. Black dots show the 
earthquakes that occurred within 2 km of either side of each depth slice. The stars show 
the Talala earthquakes (in 2007 and 2011).
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Figure 2.15: Plan view of P- wave velocity Vp/Vs images. Red and blue colors denote low 
and high Vp/Vs, respectively. The Vp/Vs variation scale (in %) is shown at the bottom. 
Other symbols are same as in the previous figure.

2.5 SEISMIC SOURCE CHARACTERISTICS IN KACHCHH AND SAURASHTRA 
REGIONS OF WESTERN INDIA: B-VALUE AND FRACTAL DIMENSION MAPPING OF 
AFTERSHOCK SEQUENCES

(A.P. Singh, I. G. Roy)

Seismic source characteristics in the Kachchh rift and Saurashtra horst tectonic blocks 
in the Stable Continental Region (SCR) of western peninsular India are studied using the 
earthquake data for the period 2006-2011 recorded by a 52- station broadband seismic
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network of ISR (Fig 2.16). These data are mainly the aftershock sequences of three main 
shocks, the 2001 Bhuj earthquake (Mw 7.7) in the Kachchh rift basin and the 2007 and 2011 
Talala earthquakes (Mw > 5.0) in the Saurasthra horst. Two important seismological 
parameters, the frequency-magnitude relation (b-value) and the fractal dimension (Dc) of the 
hypocenters, are estimated. The b-value and the Dc maps indicate a difference in seismic 
characteristics of these two tectonic regions. The average b-value in Kachchh region is 1.2 ± 
0.05 and that in the Saurashtra region 0.9 ± 0.09 (Fig. 2.17 & 2.18). The average Dc in 
Kachchh is 2.64±0.01 and in Saurashtra 2.46 ± 0.01 (Fig. 2.17 & 2.18). The hypocenters in 
Kachchh rift cluster at a depth greater than 20 km, and that in Saurasthra at a depth less than 
15 km. The b-value and Dc cross sections image the seismogenic fault zones at depth as 
higher b-value and Dc structures that shed new light on seismotectonics of these two tectonic 
regions. The main shock sources at depth are identified as lower b-value or stressed zones at 
the fault end. Crustal heterogeneities are well reflected in the maps as well as in the cross 
sections. We also find a positive correlation between b- and Dc-values in both the tectonic 
regions. Hypocentre cross sections are shown in Fig. (2.16) with the geological faults as in 
the map taken from GSI 2003; Biswas 2005; Biswas, 1987, 2005 ; Bhattacharya et al., 2004, 
Pande 2013. The NWF is marked in the hypocenter section as given by Mandal et al. (2004). 
Geologically mapped major faults in the Kachchh region are the following: NPF Nagar 
Parker Fault, ABF Allah Bund Fault, BF Banni Fault, KMF Kachchh Mainland Fault, NKF 
North Kathiawar Fault, SWF South Wagad Fault, GF Gedi Fault, IBF Island Belt Fault, and 
the NWF North Wagad Fault as proposed by Mandal et al. (2004a, b). In the Talala region, 
the geologically mapped faults are as follows: UF Umrethi Fault, RF Rajula Fault, SF 
Saverkundala Fault, SJF South Junagadh Fault, NJF North Junagadh Fault (Bhattacharya et 
al., 2004). The major rift basins are the following: KRB Kachchh Rift Basin, CRB Cambay 
Rift Basin, NRB Narmada Rift Basin. Inset the location map of the study region.
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Fig. 2.16: In Kachchh epicentres of the shocks of M>2.7 during 2006-2011 have been considered. For 
Talala area in Saurashtra aftershock sequences of M>2.5 recorded during 2007-2011 have been 
considered (ISR Catalog, see text); the mainshocks are shown by red stars. Inset shows depth section 
for Talala sequence in NE-SW direction the location for which is marked by NE and SW
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KMF SWF NWF GF

Distance (km)

Fig. 2.17 (a) North-South (N-S) cross section of b-value in the Kachchh region. The 2001 mainshock 
and the two moderate magnitude aftershocks of 2006 are shown by red stars. The tectonic features are 
marked as given in the geological model by Biswas (2005), and the NWF is marked as given by 
Mandal et al. (2004). Inset Geological model of Biswas (2005) (b) (N-S) cross section of fractal 
correlation dimension (Dc) in the Kachchh region. Other explanations are as in Fig. 2.16
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Fig. 2.18 (a) Northeast-southwest (NE-SW) b-value cross section in the Talala region. The red stars 
indicate the mainshocks (b) NE-SW cross section of fractal dimension (Dc) in the Talala of 
Saurashtra region. The known geological faults (as in Fig. 2.16) are indicated.

2.6 CRACK ATTRIBUTES BENEATH THE 2011 TALALA, SAURASHTRA 
EARTHQUAKE, GUJARAT, INDIA AN ITS IMPLICATIONS FOR MONSOON 
INDUCED MICRO TO MODERATE EARTHQUAKE SEQUENCE

(A. P. Singh and O.P.Mishra)

We examined crack density (s), the saturation rate (2) and porosity parameter (y) in the 2011 Talala 
mainshock region by applying crack attributes theory to values of seismic velocity and Poisson’s ratio 
obtained from seismic tomography. Analyses of crack attributes revealed that the fractured volume of 
the rock matrix with high porosity and lowered seismic strength beneath the source zone could have 
considerable impacts on situ structural heterogeneities in the seismogenically active fault system 
beneath the source area, corroborating with distinct pattern of distribution of high-s, low-2, and low 
porosity parameter-y (high porosity) beneath mainshock hypocenter (Fig. 2.19). Localized zone of 
micro-cracks diagnosed within the causative rock matrix may have facilitated the permeation of 
precipitation during heavy rainfall in the monsoon period through the interconnected secondary pores
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beneath source zone, which might have facilitated the generating processes of the micro-earthquake 
sequence under the existing intraplate tectonic set up of the source area.

Figure 2.19: Cross-sectional images of crack attributes (e.g., crack density (s), saturation rate (£,), and 
porosity Parameters (y)) distributions along cross-sectional lines AB (a-c) and CD (d-f) as sketched in 
the bottom fig. The upper two figs. indicate s, middle and last two y. The corresponding 
perturbation scales are shown in the middle of the two panels (a-c) and (d-f). The Talala mainshock 
(Mw 5.1 shown as star) of the year 2011(M5.1) and 2011 Talala aftershocks (white circles M>1.8) are 
also shown.
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CHAPTER 3

LITHOSPHERIC STRUCTURE

3.1 ELECROMAGNETIC, MAGNETO-TELLURIC AND RESISTIVITY IMAGING

Magnetotelluric investigations at Dholera in Southern end of the Cambay Basin

(Kapil Mohan, Peush Chaudhary, Pavan Gayatri and B.K. Rastogi)

We carried out Magnetotelluric (MT) survey in the vicinity of southwestern part of Cambay Basin to 
identify the sedimentary thickness, thickness of the Deccan traps and faults if any in the region. The 
MT signals of broad frequency range have been acquired along an East-West profile (length ~22km) 
going up to the coast at 8 stations with a spacing of 2-3km. Location of the profile is about 8 km south 
of Dholera and at around 22.15 N 71.1 to71.3E. After processing and analysis of the data, transfer 
functions of 8 sites in the period range of 0.01 -  1000s have been used for two-dimensional (2-D) 
joint inversion of TE and TM modes. The resultant structure from the 1-D and 2-D modeling indicates 
that the sedimentary thickness varies from 0.5 to 1.5km in the area. A patch of high resistivity of ~ 
1000 ohm.m has been observed 15-20 km west of the coast at depth of 3-4km. Additionally, a east 
dipping high conducting zone has been observed near the coast that continues to >10 km. We infer it 
to be the West Cambay fault.

W 1 2 3 4 5  6 7 8  E

Distance (km)Fig. 3.1.1: Resistivity structure obtained after two dimensional inversion of the MT data showing a conductor dipping in the east at stations 5,6,7 & 8 close to the coast. Dholera is about 8 km north of station no.2
Time domain electromagnetic (TDEM) investigations at 
Ahmadabad in Central part of Cambay Basin
(G. Pavan Kumar, Peush Choudhary, Kapil Mohan, Mohit Arora and B.K. Rastogi)
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Electromagnetic exploration methods are popular amongst the shallow subsurface 
surveys for their ability to image the fine details of the near-surface structures in terms of 
electrical conductivity variations. Among the various EM methods; Time domain 
electromagnetic method (TDEM) can be successfully applied to solve engineering 
(identifying major subsurface layers, Engineering bed layer/rock, site characterization), 
geological (mapping geological discontinuities/ faults), environmental (assessing possible 
water-bearing formations, groundwater quality, soil contamination), hydrological (mapping 
the thickness of aquifers, clay layers and assessing water quality, percentage of saline water) 
and geophysical (static-shift correction in magnetotelluric exploration method, characterizing 
geothermal reservoirs) problems. The TDEM methods use the interaction of a transient EM 
wave with the earth to determine its electrical resistivity as a function of depth. The method is 
highly sensitive to electrically conductive targets, provides excellent vertical and lateral 
resolution, and, contrary to traditional resistivity methods, can be easily employed in terrains 
with electrically difficult surface conditions such as dry sands, hard rocks, etc. The 2001 
devastating Bhuj earthquake (Mw 7.6) that jolted the Kachchh region situated west of the 
Cambay basin boost-up deep and shallow geophysical studies in this region and surrounding 
areas for imaging the subsurface structure needed for site characterization and identifying 
major geological boundaries/layers. This information would help in estimating the seismic 
hazard scenario of the region. With the similar objective we are carrying out TDEM 
investigations at selected places in Ahmedabad and Gandhinagar situated in the central part 
of the Cambay basin comprising thick sediments of mainly Quaternary and Tertiary age.

An in-loop configuration is chosen for our work because of its enhanced signal-to- 
noise ratio and sensitivity to lateral resistivity distribution. TDEM soundings at ten places in 
Gujarat university ground, Ahmadabad have been carried out with transmitter loop side 
lengths of 80-100m with receiver coil located at the centre of the transmitter powered by a 
generator. Secondary magnetic fields produced by subsurface geological heterogeneities that 
result in a decline in voltage have been measured at every site during the transmitter off-time 
in 20 sequential time intervals. Using robust processing mode, data are accepted or rejected 
according to the coherency and outlier limit tests. The TEM data from some of the sites 
exhibit polarity reversals at early times (<1 msec). Polarity reversals can be attributed to 
polarisation effects from local conductivity anomalies, such as 2D structure or shallow 
inhomogeneity near the receiver coil. The processed data are converted to apparent resistivity 
as a function of time before inverse modelling. Layered-earth model parameters are 
determined using nonlinear least-square inversion technique for a one-dimensional (1D) 
electrical model beneath each loop. The 1D models of all ten sites are then pieced together 
along the survey line to make the electrical cross-section.

From the surface down, the cross-sections (Fig. 3.1) have revealed that the subsurface 
consists of three major sub-horizontal layers having over all resistivities of less than 35 Q.m 
up to 200m depth. The top layer with thickness of 40 m has the resistivity of 10-15 Q.m. The 
80m thick intermediate layer is seen as a very low resistivity layer with values less than 5
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Q.m. Below this layer, a layer with larger than 5Q.m resistivity is seen. In addition to these, a 
moderately conducive zone of 20-30 Q.m zone at nearly middle of the line is also observed. 
By considering the local geology of the region along with nearby borehole data, we infer that 
these three major layers represent major geological formations namely layer of silty-sand, 
clay (or clay contaminated sandstone) and soil with less clay content, respectively. The 
moderately conductive zone observed in the section might represent hard sedimentary zone 
and could be correlated either with hard /boulder clay or pebbles that are commonly present 
in the shallow levels of the region. The top two layers can also be related to the suggested 
Holocene (0-60m) and Pleistocene (60-90m) layers in the region. The obtained information 
may be further correlated with the data obtained from geo-technical observations for detailed 
stratigraphic sequence of the region.

Fig. 3.1.2: A sample Electrical resistivity cross section along a line in Ahmadabad
M AGNETOTELLURIC SURVEY TO IDENTIFY GEOTHERM AL SOURCE ZONES 
AT SELECTED SPRING SITES IN GUJARAT

SURVEY PLAN:

Under a Gujarat Power Corp. Ltd. funded project magnetotelluric survey has been started at 
Chabsar and Tuwa (Fig. 1) to identify geothermal energy source if any in these areas. 
Chabsar is just west of the West Cambay fault in soil area. Tuwa is 100 km east of Cambay 
basin and in Proterozoic granite area. At Tuwa the survey has been suggested east of the hot 
spring. At Chabsar there is no hot spring. Some bore wells were dug in which hot water is 
coming out. One bore well is at Bhamasar and a few more are around it. Hot water coming 
out from Bhamasar was noticed by ISR team.

Chabsar (2248’N 7216’E) is in Ahmadabad district and 40 km SSW of Ahmadabad city. 
Tuwa (2251’N 7334’E) is about 130 km SSE of Ahmadabad and is in Panchmahal district 
(20km short of Godhra).

Station deployment is such that in 5kmx5km area is surveyed in more details and 
surrounding area with sparse stations. The area covered (5X5=25 sq. km) is divided into grid 
of 1.25km X 1.25km (approx.). The central line having 11 stations has longer length of 10km.
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It extends both sides of the grid with three stations at each side (at 2,3 &5km distance from 
the inner grid). Total 31 stations are covered at each site.

OBJECTIVE:

To image the subsurface in a grid pattern with the main objective of locating subsurface 
structures related to geothermal resources in the area with a good resolution.

DHOLERAOi

GHOGHAo'

SURATTULSHISHYAM

2 4-

AHMEDABADo

OTUWA >CHABSARO

JALGAONUNAI

- 2 020 -

BOMBA

□ SATARA
□  KOYANANAGAR

RATNAGIRI

o THERMAL SPRINGS1 6 - -1 6

Fig. 3.1.3: Hot springs in West coast region of India. MT surveys are done around Chabsar 
and Tuwa
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Fig. 3.1.4: Locations of C habsar and Tuwa on geological map. Stations deployment at 
C habsar is also shown

Time Domain Electromagnetic (TDEM) investigations in 
Chabsar (Bavla) area

(G. Pavankumar, M ohit Arora,Kapil Mohan and B .K.Rastogi)

Time domain electromagnetic (TDEM) investigations have been carried out in Chabsar 
(Bavla) area southwest of Cambay basin for mapping shallow-subsurface structure of the 
region in terms of resistivity and understanding possible geothermal characteristics. Fixed in
loop TDEM soundings at 10 locations were carried out in the selected places o f the Bavla 
with 100m sided transmitter loop to map the conducive and/or resistive zones in the 
subsurface during Jan. 25-31, 2014 (Fig. 1). Majority of these sites are around the Chabasar 
hot water wells (C0-C4, M0,Q0,S0). Two TEM soundings (P1 & P2) are also taken at 
Bhamasar hot water well. The in-loop configuration is used in the present study as it is well 
suited for layered environment.
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Figure 3.1.5: Location of the TEM sounding sites (marked with red stars) superimposed in 
generalized geological map of Gujarat.

Secondary magnetic fields produced by subsurface geological heterogeneities that result 
in a decline in voltage have been measured at every TDEM sounding site using a receiver 
coil. For each loop, the transmitter operated for a sequence of data repetition frequencies 
ranging from 32 Hz to 1 Hz. The amount of current injected in the transmitter loop is 10 Amp 
for all the TEM sites. The self potential observed near Bhamasar site (-115mv) is 
anomalously higher than the Chabsar site (-9mv).

Using robust processing mode, data are accepted or rejected according to the coherency 
and outlier limit tests. At most of the sites, transient responses at late times up to 10ms are 
also obtained. The square loop transmitter of area 100m2 apparent resistivity is computed 
from the observed magnetic field (related to induced voltage in the receiver coil) and the 
current injected in the loop. Preliminary processing results showing the observed decay curve 
and computed apparent resistivity as a function of time near Bhamasar (P1) and Chabasar 
(C0) sites for 32Hz repetition frequency are shown in Fig. 2a&b, respectively. In the initial 
inversion steps, the apparent resistivity is in general- noisy and will be removed during 
further inversion process.
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(a)

Figure 3.1.6: Transient decay curve (left) and the computed apparent resistivity curve 
(right) for the sites (a) near Bamasar (P1) and (b) Chabasar (C0)

One dimensional (1-D) modeling of the TEM soundings is undertaken using an iterating 
best-fit algorithm to minimise the RMS residuals between the observed and calculated 
apparent resistivity. Preliminary inverted results for the TEM sounding data for the sites P1 
and C0 are shown in Fig. 3a&b. The 1-D structure for the two sites suggests in-general a 
three-layered environment up ~160m (Fig. 3a&b) for the both sites. For the site P1, top layer 
has resistivity 30-40 Q.m (Fig. 3a) where as for site C0 it is less than 10 Q.m (Fig. 3b). A 
significant observation from the result of site P1 is the presence of high conductive layer of 
magnitude less than 5Q.m at a depth range of 80-120m. Below this layer the resistivity 
rapidly increases up to 40-45Q.m. For the site C0, the intermediate layer as resistivity 20- 
25Q.m and the third layer as the resistivity of ~10Q.m.

The detailed interpretation of these results and inversion of other TDEM soundings are in 
progress.
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Fig. 3 : One dimensional resistivity structure after inversion of the TDEM data at site P1 (left) and site C0 
(right).

3.2 GRAVITY STUDIES

(R.K. Singh, B.K. Rastogi, Rakesh Dumka, S. Venkateswara Rao, Rahul, Monika, Komal)

Gravity and Magnetic surveys were done in Cambay and Kutch basins. In Kachchh 150 
gravity observations and 26 magnetic observations were conducted. In Cambay 583 gravity 
and 410 magnetic observations were made. Observations were made at an interval of 1 km 
along different sections. Precise location and elevation of the gravity stations are taken by 
Real time kinematic (RTK) GPS survey. The Gravity data is processed using Geosoft 
software.

G ravity Observations in Kachchh basin

A total no. of 150 Gravity observations were conducted in Kutch rift basin out of 150 
observations, 81 observations taken at SE of KHF (Katrol Hill Fault) in and around Anjar to 
decipher the basement configuration at an interval of 1 km (Fig. 3.2.1). A big gravity low 
south of Anjar may be reflection of a deep basin (Fig. 3.2.2).

The Bouguer Gravity Contour Map of Kachchh based on all the 1650 gravity observations 
reflects the following features:

>  Basement of the north and northwest part of Kachchh including Dholavira area is seen 
uplifted supporting the theory that sea in the region has receded due to uplift causing 
cessation of marine trade and migration of Harrappan civilization.

>  Strong gravity contrasts indicate faults along boundaries of different blocks:

1. E-W trending Kachchh Mainland fault (KMF) from Dudhai to Bhachau
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2. NE trending Chobari-Manfara fault which is transverse to KMF.

3. The South Wagad Fault from Chitrod to Vamka.

4. The North Wagad (south of Rapar) and Gedi fault near Desalpar are falling on 
south and north sides of the Fatehgadh gravity and basement High, respectively.

5. The Vigodi fault in Kachchh Mainland is reflected by subsidence o f the basement 
towards southwest.

>  Gravity lows in Wagad and Kachchh Mainland indicate thick sediments which may 
be oil bearing.

Fig. 3.2.1: Bouguer Gravity Contour Map of part of Kutch. Gravity Stations have been located over 
permanent landmarks available in Survey of India, degree sheet No 41 I & 41 E at 1km or less 
interval.
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Fig. 3.2.3: Bouguer Anomaly map of Anjar area
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2. Gravity and M agnetic Observations in Cambav basin

No. of observations in about 100km stretch between Patan and Kadi enable Bouguer 
anomaly contours. A profile has been taken in the north through Radhanpur and in south 
through Dholka (Fig. 3.2.4). Locations of the magnetic profiles are shown in Fig. 3.2.5. 
Bouguer gravity map of central part of Cambay basin prepared at an interval of 1mgal 
(Fig.3.2.6) and the magnetic anomaly map (Fig. 3.2.7) show the following geological 
features:

1. East and West Cambay faults are well reflected in the Bouguer anomaly map.
2. Gravity highs are discernable along Radhanpur-Deesa ,Patan, Viramgam-Kadi and 

Dholka sections. Gravity high along the Patan section is in a long stretch trending 
NE-SW. These highs may be the reflection of Aravali ridges (trending NE-SW) or 
mafic intrusive.

3. Mehsana and Becharaji basins are reflected well.

Banaskantha

Thara

fidhpuraPatan.
Radhanpur

Chanasma
Visnagar

Dekavfrdjt

Gandhinagar
Viramgam,

Ahmedabac

BavlatCambay Gravity Observations 

Fault line dieda

Sabarkantha

Kachchh

Surendranagar

Kheda
Legend

Fig. 3.2.4: G ravity observation points in Cam bay basin
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Fig. 3.2. 5: Magnetic observation points in Cam bay basin
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II) Magnetic survey
Magnetic surveys were conducted along few Gravity sections. Magnetic data also shows highs as in 
gravity.
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Fig. 3.2.7: Total intensity of magnetic field in p art of Cam bay
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3.3 CRUSTAL STRUCTURE FROM  SURFACE-WAVE DISPERSION STUDIES

C rustal Shear-W ave Velocity Models Retrieved from Love and Rayleigh-Wave 
Dispersion Data in Saurashtra  peninsula, G ujarat, India

(Vishwa Joshi and Sandeep Aggarwal)

A moderate earthquake of magnitude M5.1 that occurred on 20th October 2011 (21.1°N, 
70.5°E) caused damage to buildings and had a large impact on the population. The earthquake 
was also felt widely in most of Saurashtra region up to 200 km. It has therefore, been studied 
to obtain details of the crustal velocity structure. This moderate earthquake generated 
excellent Love and Rayleigh-wave records, which are used to evaluate the average crustal 
structure of Saurashtra. We made cluster of seven paths, and for each path we measured 
dispersion data and formed one dispersion data file for the inversion. Here we use Genetic 
Algorithm to get average structure along the path. The average crustal structure of study area 
is characterized by a ~36.2 km thick crust with 3.9 km/sec S-wave velocity. The top most 
layer is ~1.97 km thick Deccan Trap, formed during late cretaceous at the time of northward 
movement of India over the reunion plume. The Saurashtra peninsula which is lying in the 
northwest India is almost entirely covered with this volcanic rock.

Crustal structure in Cambay and south Gujarat using Surface Wave 
Dispersion data

Vishwa Joshi, Sandeep Aggarwal

Seismic group velocity structure has been evaluated in Cambay basin area and south Gujarat 
through inversion of fundamental mode group velocities of Love and Rayleigh wave. An 
earthquake of magnitude M5 that occurred on 19th June 2012 in Kutch is used for this 
analysis. The earthquake was recorded on eight broadband seismic stations of south Gujarat 
maintained by Institute of Seismological Research (ISR), Gujarat, India. The wave path from 
Kachchh to South Gujarat crosses Cambay Graben and south Gujarat. The period of 
observed data of Love and Rayleigh wave ranges from 4 to 62 and 4 to 66 sec respectively. 
The dispersion curves have been inverted for crustal structure using Genetic Algorithm (GA) 
inversion; it gives the average crustal structure along the path. The average crustal structure 
of study area is characterized by a 38.17 km thick crust with 3.89 km/sec velocity.

3.4 M antle Transition Zone Structure: Evidence for im prints of plume beneath North 
W estern Deccan Volcanic Province

(K.M.Rao andB.K.Rastogi with M.Ravikumar o f  NGR1)

In this study, we investigate the mantle transition zone discontinuities beneath the 
northwestern Deccan volcanic province of India through analysis of about 7525 high-quality 
receiver functions abstracted from three-component teleseismic waveforms from 976
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earthquakes recorded by fifty eight broadband stations beneath Gujarat. The 410- and the 
660-km discontinuities, marking the top and bottom of the mantle transition zone, are 
generally accepted to be phase changes in mantle mineralogy due to pressure and temperature 
variations in the mantle. The "410" marks the transformation from olivine to alpha-spinel and 
the "660" the transformation from beta-spinel to perovskite + magnesiowustite (Helffrich, 
2000). The obtained delay times for the signals from the ‘410’ and ‘660’ were compared with 
the delay times predicted by the reference model IASP91, which are approximately 44.1 s 
and 68.1 s, respectively. Depths to the ‘410’ and ‘660’ are determined from the peak positive 
amplitudes within intervals of 391 -  430 km and 643 -686 km, respectively (Figure 3.4.1). 
The higher delay times of Ps conversions from the 410 and 660 are observed at many stations 
in north western Deccan volcanic province. The distribution of delay time differences for the 
410-km discontinuity generally displays an increase in delay times in the range of ~1.0-2.3s 
beneath Kachchh, Cambay and North Saurashtra. In the South Saurashtra, South Gujarat and 
North Gujarat, there is little difference in delay time to the IASP91 reference model. The 
discontinuity at 660 km depth does also show a deepening trend (~0.5-1.82s) beneath 
Kachchh, Cambay and North Saurashtra. In the majority of other stations, the delay time of 
the Ps conversion from the ‘660’ corresponds well with the value predicted by the IASP91 
model or is only slightly higher. The thickness of MTZ provides a better estimate of the 
temperature anomaly spanning the transition zone than do the depths of the discontinuities 
themselves (Figure 3.4.2). About 33 stations beneath Kachchh, Cambay and North Saurashtra 
have shown thinner MTZ thickness with reference to IASP91.

The observed short scale variations of 410 and 660 contrast with the normal shield-like 
velocity structure imaged beneath the south-central Deccan volcanic province and other parts 
of Indian shield in an earlier receiver function studies. The observed delays in 410 and 660 
km discontinuities, thinner MTZ at many stations, presence of thermal anomaly spanning the 
transition zone and upper mantle seismic velocity reductions constrain thermal anomaly 
extending from the core-mantle boundary to the surface which in turn, places a strong 
constraint on models for the tectonic evolution of Deccan Volcanism.
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Figure 3.4.1. Variation of observed delay times of the Ps conversions from the (a) 410 and 
(b) 660 discontinuities. Stations are shown as inverted triangles.
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Figure 3.4.2. Contour Map of thickness of MTZ obtained from bootstrapping analysis 
beneath northwestern India superposed on the contour map of the P-wave tomogram (solid 
line) in the depth interval around 80 km (Kennett and Widiyantoro, 1999). Relatively low P- 
wave speed and thinning of MTZ are correlatable.

54



CHAPTER4

LONG-TERM EARTHQUAKE PROGNOSIS

4.1 PALEOSEISMOLOGY AND ACTIVE FAULT INVESTIGATION IN KACHCHH

4.1.1. SUMMARY OF PALEOSEISMOLOGICAL AND ACTIVE FAULT INVESTIGATIONS 
IN KACHCHH BASIN

(B. K. RASTOGI, G.C. Kothyari, Falguni Bhattacharya, Kapil Mohan, Pallabee 
Choudhury and Rakesh Dumka)

Allah Bund, Kutch Mainland, South Wagad, Island Belt and Katrol Hill Faults in 
Kutch are found to be active as observed by Quaternary movements in trenches. This 
indicates that different faults are neotectonically active. Rajendran and Rajendran (2002, 
2003) studied Allah Bund. ISR carried out Paleoseismology work for a few years with Malik 
of IITk and Morino of Oyo Intl. Corp (Malik et al., 2008, Morino et al. 2008a,b). ISR recent 
work is described in short in Annual Reports (www.isr.gujarat.gov.in/Annual Reports 2009
10, 2010-11, 2011-12). We follow the approach of identifying potential sites with the help of 
remote sensing, geomorphometric studies, identification of signs of active movement on the 
sites which indicate nearness to fault like pressure ridges and abrupt termination of river delta 
etc. This has tremendously increased the chances of finding active deformation and 
Quaternary fault slips in the trenches dug in the area. This is necessary as the fault scarps 
seen on the ground are at receded locations away from the original locations and the trench 
site has to be exactly over the original location. We also use several geophysical surveys to 
detect the subsurface faults.

APPROACH FOLLOW ED

• Integrated remote sensing (CORONA images, etc) and field surveys for identification 
of pressure ridges, drainage offsets and younger scarps.

• Geomorphic indices coupled with tectono-geomorphology and shallow subsurface 
geophysical surveys (GPR) for site selection.

• Trenching at shortlisted sites.

• Sedimentological, geochemical, mineral magnetic and chronological (OSL and 14C 
AMS) studies from fluvial sequences.

USE OF GEODETIC MEASUREMENTS (GPS, InSAR) AND GEOPHYSICS

• Our GPS network since 2006 and earlier work of IIG since 2001 was combined to 
come out with horizontal deformation during 2001-9. For the first four consecutive 6-
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month periods deformation was 12, 6, 3 and 4 mm, reducing to 2-5 mm subsequently. 
InSAR measurements by Sreejith of ISRO during 2004-11 indicate uplift of 10- 
30mm/y in central part of KMF and eastern part of KHF. In some parts of the Great 
Rann and Wagad areas unusually high uplift of 40mm/y is also noted.

• Shallow seismic survey (Multichannel Analysis of Surface Waves, MASW): sub
surface nature of Kodki fault near Bhuj is clearly discernable to 30m depth.

• About 15 like km of GPR survey across Allahbund and Bela Island (IBF and 
foothills) as well as in areas of Gedi fault in Desalpar, North Wagad Fault and 
Bhachau indicate dislocation, disturbance, hyperbolic bends (indicating domal uplift 
and dyke intrusion) to 30 m depth but which are good indicators of deeper faulting.

• Resistivity Imaging to 70 m depth.

• Time Domain EM to 200m depth.

• Magnetotelluric surveys along two profiles with closely spaced observation points at 
2 km interval indicate dip directions of KMF and SWF to 20 km depth.

SUMMARY OF OSL AGES FROM  TRENCHING

ALLAHBUND:
(1) Tidal deposits in Sindri lake area indicate nearness of sea-shore.
(2) Karim sahi, E. ABF: Paleochannels formed in 3-4ka and again uplifted by 2 m in 2ka

(3) Further east at Dharam sala: (a) In a trench 3 events in 3ka. (b) Another trench 
indicates 3ka bed overriding 2.7ka bed.

GEDI FAULT: A trench indicates slips at 1,4,8 ka

KACHCHH MAIN FAULT: (1) Jhura: cumulative 5 m slip at 2 and 5ka. Kaila R. dune 
disturbed.

(2) Lodai: 98 cm cumulative slip due to >2 quaternary events. Pressure ridge detected

(3) South of Lodai: cumulative slip of 4.5 m in Quaternary and the last event at an inferred 
age of ~2Ka indicates a 1.5m slip.

KATROL H ILL FAULT: (1) W andhey: 3 large events in last few Ka with slips 10, 50 and 
70 cm (3, 28 and 32 ka by Kundu et al. 2010 Geochronometria)

(2) B harapar, 10km E of Wandhey: high rate of uplift inferred due to planar 
basement at 20k and subsequently also due to high incision.

ISR work is described as below along with reference to work of others:

Allah Bund: Based on Baker’s (1846) leveling survey, Bilham (1999) inferred 11 m slip 
(uplift and subsidence) along N-dipping Allahbund fault due to 1819 earthquake. In 2007 ISR 
measured 7 precise leveling profiles in 80kmx6km area. The amount of uplift measured was
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up to 5.8 m. By adding 1.8m estimated erosion since 1819 a total uplift of 7.6 m was 
estimated for 1819 earthquake. Allahbund fault is interpreted to be north dipping. Rajendran 
(2000) estimated lesser uplift of 4.3 m and suggested a growing fold at shallow depths along 
a north-dipping thrust (Rajendran and Rajendran, 2001). From radiocarbon age data of 
liquefaction features they suggested occurrence of a previous earthquake 800-1000 years ago 
and suggested the ABF to be previously active as a historic event is possible in AD 893 
(Rajendran and Rajendran, 2002, 2003).

The presence of tidal deposits in Sindri lake area indicates that the sea was earlier 
present in the area and has receded by 100km to the present position. In the eastern part of 
ABF near K arim sahi, several trenches and uplift of paleochannels reveal uplift during last 
few thousand years. Due to uplift the paleochannels might have been formed at 3-4 ka and 
again uplifted by 2 m in 2 ka as revealed by OSL dating of samples at different elevations. A 
trench near D haram shala, indicates 3 events in last 3Ka. Along a stream cut nearby, a highly 
deformed zone was identified. OSL dates indicate that a 3 ka bed has thrust over a 2.7 ka bed.

Island Belt Fault: At Dholavira in northern Kachchh the archeological evidence indicate an 
earthquake during the closing decades of stage III of the settlement (2500-2200 BC) (Singh, 
1996; Rajendran and Rajendran, 2003; Kovach et al., 2010). Bisht (2011) suggests this event 
to have occurred during 2100-2000 BC and identifies two earlier earthquakes also during 
stage II (2900 BC) and stage III (2700 BC).

Kachchh Mainland fault: (i) KMF is found to be south dipping in a trench at Jh u ra  in the 
Central part of the KMF where a cumulative deformation of 5 m has been assessed due to 3 
events. The two last events had 70cm slip each. A rough estimate of the age of formations is 
5 ka as estimated by Optically Stimulated Luminescence method. The location for trench was 
decided based on distortion of Kaila river delta. (ii) At Lodai east of Jhura two large events 
show a slip of 33cm and 40cm during late Pleistocene to Holocene period and older events 
along two older faults show a cumulative slip of 98 cm. The Mesozoic rocks override 
Quaternary along a south dipping fault. Identification of a pressure ridge by remote sensing 
and thorough ground check helped in identifying activeness of this part of the KMF. (iii) A 
trench at Habay, south of Lodai the Mesozoic and older Quaternary (2.69ka) overrides 
younger Quaternary (2.15ka) with a slip of 1.5 m along 10-15° S dipping fault.

Katrol H ill fault: A trench dug by us at Wandhey in central part of KHF, Quaternary 
deformation indicates three large events (10, 50 and 70 cm displacements) along three fault 
strands which displaced the older terrace deposits. For these formations Kundu et al. (2010, 
Geochronometria) found the ages of 3, 28 and 32 ka.

Wagad Area: In the Wagad area the slips noticed for the events possibly in the last few ka 
are: (i) Gedi fault along a river cut shows slips of about 1 m each at 1,4,8 ka; (ii) along 
South W aga fault-two events are noticed with slips of 30 cm and 50 cm along two fault 
strands in a trench in 3-4 ka. (iv) South of Wagad area in the Samkhiali basin, slip of 75 cm is 
measured in a trench.
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4.1.2. Paleoseismicity and Paleoenvironment along the Katrol Hill Range,
Kachchh, Western India

(Falguni Bhattacharya and B.K. Rastogi)

This study was done in an attempt to reconstruct the chronologically constrained history of 
fluvial incision (uplift) and aggradation (climate) in order to understand the role of tectonics 
and climate in the evolution o f fluvial landforms in the monsoon influenced and tectonically 
active region of Katrol Hill range, Kachchh (Fig. 4.1).

Figure 4.1. (a): Map of Kachchh showing major faults (b) Digital 
elevation map of the terrain between KHF and KMF (c) Detailed 
drainage map of the upper catchment of Khari and the Gunawari rivers 
along with the locations of valley-fill and channel-fill deposits.

Figure 4.2.: A composite stratigraphy and optical ages obtained 
on the valley-fills (present study) and channel-fills (after 
Bhattacharya et al., 2013). The solid black arrow mimics the 
relative magnitude of uplift. OVF- Older valley-fill, YVF- 
Younger valley-fill.

Geomorphology, sedimentology and sediment geochemistry supported by the optical dating 
were used to achieve the above objective. Following inferences were made w.r.t. 
paleoseismicity and paleoenvironment:

Paleoseismicity:

For the first time optical chronology suggests that the older (pre 17 ka) event of enhanced 
uplift led to the vertical incision and lateral planation of the Mesozoic bedrocks which 
subsequently provided accommodation space for the post glacial valley-fill aggradation. 
Whereas the younger <3 ka uplift event is responsible for the incision of the valley-fill and
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the channel-fill sediments along with the bedrock incision (Fig. 4.2). The time averaged 
incision rate indicates that the terrain is uplifting at a rate of ~ 4 mm per year. Considering 
that the Kachchh peninsula is under compressive stress, we ascribe the periods of enhanced 
uplift as observed in the present study to the episodic release of the compressive stress.

Paleoen vironmen t:

A broad correspondence of the monsoon reconstruction based on the valley-fill and the 
channel-fill deposits with that of the regional climate pattern indicates that the Kachchh 
peninsula in the western India responded in accordance with the regional climatic variability 
during the post-LGM period (Fig. 4.2). A progressive strengthening of monsoon was 
observed between 17 and 12 ka and an overall strengthened monsoon with fluctuation is 
inferred between 12 ka and <8 ka. This was followed by a steady decline in monsoon strength 
during after 8 ka to 3 ka. Presence of the younger fill sequences proximal to the present day 
river channel dated to ~1 ka indicates a short-lived phase of renewed strengthened ISM 
before the onset of present day aridity. (This study was done in collaboration with KSKV Kachchh University and 
PRL, Ahmedabad. Reference cited: Bhattacharya, F., Rastogi, B.K., Thakkar, M.G., Patel, R.C. and Juyal, N, 2014. Fluvial 
landforms and their implication towards understanding the past climate and seismicity in the northern Katrol Hill range, 
Western India, Quaternary International, http://dx.doi.org/10.1016Zj.quaint.2014.03.002)

4.1.3. Structural investigations along the Katrol Hill fault, Kachchh

(Falguni Bhattacharya and B.K. Rastogi)

Studies pertaining to late Quaternary deformations from the Katrol Hill Fault (KHF) region 
are limited; however, the existing studies suggest that the terrain proximal to the KHF 
experienced major earthquakes in the past which continued during the recent historical times. 
Considering the seismically active nature of the KHF, we looked for the morphological 
expression of enhanced uplift using the conventional geomorphology supported by structural 
and joint pattern analysis. The joint pattern analysis provided an insight into the pattern of 
stress regime prevailed through time whereas the optical chronology of the sedimentary 
successions helped in quantifying the incision/uplift rates. Seismically active nature of the 
study area (latitude 23.17°-23.19°N and longitude 69.70°-69.75°E) is manifested by the 
presence of joints on the Mesozoic bedrocks. The rose diagram plots suggest two major joint 
trends viz. NNW-SSE and NNE-SSW (Fig. 4.3; inset rose diagram). The joint patterns seems 
to dictate the course of Gunawari river as indicated by sharp elbow bends of the rivers which 
are sympathetic to the NNW-SSE and NNE-SSW joint trends (Fig. 4.3). Further, the ongoing 
process of domal up-warping in the area is manifested by development of knick points where 
the Gunawari river cuts across the Marutonk dome in the west and the Ler dome in the east 
(Fig. 4). Influence of tectonically induced change in the river gradient is manifested by the 
change from meandering course (in the west of Marutonk dyke) to a straight course in the 
east till the river reaches the Ler dome (Fig. 4.4). The above geomorphic expressions are 
further supported by the morphometric indices such as drainage density (Dd) and valley floor 
width ratio (Vf ). Increase in Dd and decrease in Vf ratio are considered as an expression of 
tectonic instability (Keller and Pinter, 1996). The higher Dd values of 2.9 km/km2 is observed
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in the west of Marutonk dyke which decreases 1.9 km/ km in the eastern part of the 
Gunawari valley. Similarly, the valley floor width ratio (Vf ) show an increasing trend from 
west (0.5) to east (3.5). These indices support the observation that the western part of the 
Gunawari river is experiencing relatively higher uplift compared to its eastern counterpart. 
The long-term incising rate of 4.0 ± 0.8 mm/yr is obtained for the valley-fill sequence. This is 
comparable with that of the channel-fill section along the adjoining Khari river, where an 
incision rate of 3.1± 0.4 mm/yr is obtained.

2

V S
Satpura Dome

Marutonk Dome

Younger valley f i l l ^ H  Older valley fill Incised bedrock Piedmont ■  Domes |---------1 Rocky upland

---------Transverse Faults KHF ="■=..,= Marutonk dyke <e4-Anticlines ^ _ ^ . Domes

Figure 4.3: Map showing rocky upland, domes, piedmonts and locations 
of vaNey-fiN deposits. Along the course of the Gunawari river, elbow 
bends are controlled by the NNE-SSW and NNW-SSE trending joint 
patterns (inset rose diagram).

4.1.4 Spatial variation in tectonic activity along the 
Kachchh M ainland Fault, Kachchh: Insights from 
Geomorphic Indices and Drainage P attern  Analysis

Figure 4.4: Major discontinuity in the longitudinal river 
profiles of the (a) Gunawari (b) Khari rivers are 
observed where these rivers cut across the Transverse 
fault (TF) and KHF. In addition to this, the river also 
shows deviation from the graded profile where it 
encounters the domal and anticlinal structures

Tarun Solanki, S. P. Prizomwala, Archana Das and B. K. Rastogi

Kachchh is a pericratonic rift basin bounded by Nagar Parkar Fault (NPF) and North 
Kathiawar Fault (NKF) in its northern and southern sides. Kachchh is also well known as one 
of the most active intraplate regions in the world. Among the major faults, Kachchh mainland 
fault (KMF), 150 km long, is a major fault responsible for generation of several earthquakes. 
The KMF is dissected by several NE-SW oriented transverse strike-slip faults along its 
length. It is well known that the KMF is active but this present study attempts to identify
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which segment of the KMF is more active relative to the other segments. The evaluation of 
drainage pattern analysis, geomorphic features and geomorphic indices have been proved 
useful in understanding the tectonic setting and present-day tectonic activity. Geomorphic 
indices have been successfully used in documenting areas experiencing varying degree of 
tectonic activity when studying large areas.We applied quantitative geomorphic analysis to 
access the spatial variation in tectonic activity & the associated role of transverse faults. 
Using Morphometric Indices like Long River profile ,stream length gradient index (SL 
Index), drainage basin asymmetry (Af), basin shape (Bs), hypsometric curve and integral 
(HI), and valley-floor width-height ratio (Vf), trying to derive tectonic influence on 
geomorphic landforms.

We have used the Digital Elevation Model (DEM) which was prepared from ASTER data of 
30 m resolution, which was cross checked and validated with topographic maps of 20m 
resolution in ArcGIS. We studied fifteen drainages originate from the Katrol Hill Range 
flowing from south to north and dissected the NHR to finally debouch in the Banni 
plains/Great Rann of Kachchh, which spatially covers the entire length of KMF (Figure 4.5).

Figure 4.5: North flowing drainages superimposed on DEM of Northern Hill Range, Kachchh

In areas like Kachchh, drainage network is very sensitive to active tectonic processes like 
folding and faulting, which are responsible for accelerating river incision, inducing 
asymmetry in catchments and river diversions. In order to ascertain the relative index o f 
tectonic activity, we combined the classes of all the morphometrical analysis and computed 
Relative Index Of active Tectonics (RIAT) (Table 4.1).
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Table 4.1: Class of various computed morphometric parameters and values and class of RIAT

Rivers
Area
(km2)

Af
Class

Bs
Class

H I
Class

SL
Class

Vf
Class

RIAT
Class

of
RIAT

Area
(km2)

Nara 262.51 1 1 4 3 3 2.4 3 262.51

Panjorwali 161.05 1 1 1 2 2 1.4 1 161.05

Chhari 295.27 3 2 2 3 1 2.2 3 295.27

Kadrai 155.25 3 3 4 4 3 3.4 4 155.25

Bhukhi 189.52 1 4 4 3 3 3 4 189.52

Gumar 56.63 4 4 2 3 1 2.8 4 56.63

Jabari 38.58 1 3 2 2 4 2.4 3 38.58

Nirona 348.30 4 2 2 3 3 2.8 4 348.30

Kaila 187.53 1 3 1 2 4 2.2 3 187.53

Pur 386.73 2 1 1 1 4 1.8 2 386.73

Kaswali 56.63 3 1 2 3 1 2 3 56.63

Lotia 25.82 1 2 4 3 4 2.8 4 25.82

Nihwara 21.27 3 1 2 2 4 2.4 3 21.27

R1 6.05 2 1 2 2 1 1.6 2 6.05

R2 110.51 4 1 4 2 1 2.4 3 110.51

Evaluation of relative index of active tectonics (RIAT) shows central and west central NHR 
undergoing more amount of degradation compared to eastern segment. Hence it is significant 
to note that central and west central western segments of KMF may serve as high potential 
area for future palaeoseismological studies (Figure 4.6).
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Class 1: Least Active

Figure 4.6: Spatial variation in Relative Index of Active Tectonic (RIAT) in the Northern Hill 
Range.

4.1.5 Paleoseismological Investigation along eastern segment of South W agad Fault in
Kachchh, W estern Peninsular India

(Girish Ch Kothyari and B. K. Rastogi)

The active fault mapping has been done in the vicinity of Lakadiya-Chitrod localities in the 
eastern part o f South Wagad Fault (SWF) zone covering almost 11 km long stretch in N-S 
direction, where various geomorphic features pertaining to active nature of Lakadiya Fault 
(LF) have been identified. These features include development of active fault scarp across the 
SWF shifting of Bambudi river channel, incision of river, ponding of river, offsetting of 
streams and compressed meandering along N-S fault. The conventional morphometric 
analyses of a terrain bounded by the E-W trending South Wagad Fault (SWF) has been 
undertaken to ascertain the influence of seismicity in the evolution of the drainage basin. The 
data gathered from morphometric analysis shows that the basins in southern flowing rivers 
are tilted towards SSE and active. We open a trench across the fault south of Lakadiya area 
along Bambudi Nadi (a tributary o f  Khari River). In the exposed section three major 
formations have been identified. The oldest bed (Tertiary Unit 1) in the exposed sections is 
overlain by fluvial gravel (Unit 2). Unit 2 is finally overlain by alluvial sand. The geological 
formations in the area are gently dipping towards south. These units are displaced by a N-S 
trending high angle east dipping

normal fault, we name this fault as Lakadiya Fault (LF) (Fig. 1). We could identify two major 
phases of tectonic movements along this fault. The first phase (F1) of faulting took place after

•  Bhuj
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deposition of fluvial gravel over the Tertiary basement. The alluvial sand was deposited after 
first phase o f tectonic movement. After deposition of alluvial sand the second phase (F2) of 
tectonic activity takes place. The trench investigation along LF shows net slip of litho-units 
during first phase to be ~52 cm (Fig. 4.7). The younger phase of tectonic movement shows 
net ~21 cm slip along the LF.
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Figure 4.7: South facing wall of Lakadiya Trench shows presence o f east dipping normal 
fault in the area. (Note: Quaternary sediment has displaced along the F1 and F2 strands of 
fault. Red star indicates location o f OSL samples)

4.1.6 Soft-sediment deform ation structures in the Q uaternary  Miliolites of southwest 
Saurashtra  coast and their relation to tectonic setting

(Girish Ch Kothyari, B. K. Rastogi)

Quaternary miliolitic rocks exposed along the Nauli River in the SW block of Saurashtra, 
Gujarat have imprints of later phase of tectonic activity in the form of soft-sediment 
deformation structures (SSDS). The SSDS are of various morphology and sizes and are 
formed in multistoried cross-stratified miliolites. The structures are confined between two 
undeformed layers and the structures are represented by fold upwarping, psuedonodules, 
recumbent folds, convolute lamination and bedding, folds, faults. The SSDS are observed at 
2.5m below the present day miliolitic terrace. On the basis o f their size and morphology, and 
the paleotectonic setting o f the region the genesis of these structures points towards seismic 
origin o f the structures. The area is traversed by a fault, the Girnar Fault (GF), a major fault
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in southwest Saurashtra is believed to be the probable source for generating the seismic 
shocks that leads to deformation of sediments in the Sheriyaj area.

SOFT-SEDIM ENT DEFORM ATION STRUCTURES

Various soft-sediment deformation structures are preserved at the base of miliolite terraces 
along the Nuli river valley. The structures developed include slump folds, upwarping, 
psuedonodules, recumbent folds, water escape (dykes), conduct pipe, brittle faults and 
deformed cross strata (Allen, 1982, Visher and Cunningham, 1981, and Lowe and LoPiccolo 
1974) Folding of large scale cross bedding are also common soft-sediment deformation 
structures. Slump structures are observed only in one location and within a 60cm thick 
sedimeary column. These structures are associated with normal sense of faulting (Fig). The 
normal fault is seen 16cm south of slump structure. During hanging wall movement of 
normal fault, the sediment started resettled and these type of folds are generated

In the same homogenious horizon, the beds are folded in sharp-hinged, tight 
recumbent folds (Fig. 4.8) closing opposite to the general palaeoflow direction as revealed 
from the cross strata. Axial planes of the folds are almost sub-parallel to the original bedding. 
Other minor folds are seen in the lower limbs when viewed from the east, whereas the upper 
limb is sharp and gently dipping to the south. These recumbent folds are in close association 
with drag folds followed by normal sense of faulting. The normal faulting phenomena caused 
gravity sliding within the sediment and rollover folds were developed ~30 cm north of 
recumbent fold (Fig. 1). Several water escape structures are observed throughout the 
deformed horizon of miliolite. The individual loads are separated by narrow, wedge-shaped 
structures piercing through the space between them, constituted of underlying finer milliolite 
rocks, forming flame structures (Fig. 1). Other water escape structures are dykes (Fig.4.8) 
have been observed. These dykes represent an upward migration of liquefied and 
homogenized sediment through the cap bed (Fig. 1). This upward migration of liquefied 
sediment often produces a synformal bulge between two adjoining water escape structures 
(Fig. 4.8). The dykes are formed between two undeformed miliolitic beds and the internal 
lamination of miliolite within the dykes are destroyed as a part of liquefied (fluidized) 
sediment moved through the partially liquefied material.

Pseudonodules of various dimensions and geometries are observed along the 
deformed horizon of miliolitic rocks. They are nodules/balls of denser, coarse sediment 
packages varying from 15 to 30 cm in width and 10 to 20 cm in height in cross section. They 
show characteristic undulating basal surfaces and truncated tops (Fig. 4.8). The original 
laminations concentrically follow the concave outer geometry of the undulating basal surface 
along with several complex small scale parasitic structures within the psuedonodule. These 
parasitic structures do not show continuity. In a deformed zone the pseudonodules vary from 
being symmetrical and elliptical. They are mostly observed in the zones having massive 
overlying bed with unequal bed thickness and the unidirectional asymmetry/bulge is directed 
toward the direction of decreasing overlying bed thickness. The synclinal structures are 50
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cm wide and the amplitude is ~43 cm. The synclinal symmetrical lobes are associated with 
upwarp and small scale drag faults. The up-warped structures A were formed as a result of 
spontaneous dewatering of sediments, deposited at quick rates. These structures are varies in 
size and length. In present work these structures are observed in few places within 
Quaternary miliolite deposits. These structures are observed in 1.5m wide deformation zone 
of Quaternary miliolite. The upwarp structures are associated with small scale open folds. 
These open folds are developed at the top of upwarp structure and are gently plunging 
towards east. In present study area the length of observed conduit pipe is 25cm and width is 
10 cm.

Figure 4.8: Photo-plate of soft sediment deformational structures observed within miliolits of 
Saurashtra
4.1.7. Geological evidences of Palaeostorm  / Palaeotsunami from the Diu Island, 
W estern India

S. P. Prizomwala, Drasti Gandhi, Vishal M. Ukey1, Nilesh Bhatt1, and B. K. Rastogi 
Institute o f  Seismological Research, Raisan, Gandhinagar -  382009, India
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!The M. S. University o f  Baroda, Sayajigunj, Vadodara -  390002, India

ISR has started Paleotsunami studies in West Coast o f India. We came across several large 
boulders which are possibly results of paleotsunami. It was tried to ascertain that these are 
transported by tsunami and if  so the tsunami source. Possibility of transportation by storm or 
by human activity is ruled out on the basis of the biological features present on the boulders 
and the physical or Geomorphological field characteristics.

The western coast of India is susceptible to tsunamis generated from multiple sources 
such as Makran Subduction Zone (MSZ), Owen Fracture Zone (OFZ) and Carlsberg ridge 
(Figure 1). MSZ lying in extreme north o f Arabian Sea is a major tsunamigenic source. 
However, Diu would lie away from the path of high energy tsunami path as it is sheltered by 
Saurashtra coast (Fig. 4.9).

The OFZ lies in southwest, and Calsberg Ridge and Chagos Ridge in southern 
direction of Diu Island, which are most likely sources of earthquake generated tsunamigenic 
waves which may impact the Diu coastline directly. The recent discovery of voluminous 
submarine landslides along the Owen Ridge may represent an ‘under-estimated source’ of 
tsunami hazard in the Arabian Sea. It has been reported that the southern segment of Owen- 
ridge displays most voluminous landslides, triggering of which may act as potential source of 
catastrophic tsunamis. The Owen Fracture Zone, though produces moderate strike-slip 
earthquakes, strong tsunami may produced if  there is thrust component associated and the 
earthquake triggers landslide also. Hence, we have tried to look into the possibility of 
earthquake-cum-landslide generated tsunami along the Owen Fracture zone. Although several 
studies from around the world have identified submarine landslides as a source of tsunami, 
there have been fewer studies documenting their implications in coastal hazard scenarios.

Fig. 4.9: Major tsunamigenic sources for the northern Arabian Sea and study area.

The coastline of Diu facing the Arabian Sea exhibits several pocket beaches and 
rocky cliffs. The coastal configuration shows that the shore platform, made of Miliolite
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Formation (Middle to Late Pleistocene) and shell limestone o f Chhaya Formation (Late 
Pleistocene), rests upon the older aeolinite (i.e. older facies o f Miliolite Formation).

Direction and force o f transport o f boulders were estimated which are lying along the 
coast (Fig. 4.10). Measurements o f the boulder dimensions, namely the long (a), medium (b) 
and shorter (c) axis were recorded in addition to their distance from the high tide line. Also 
their respective shape and orientation o f long (a) axis were recorded. Sample o f some 
boulders were collected and its density was measured in Laboratory o f Institute of 
Seismological Research. In order to evaluate the characteristics o f wave responsible for the 
boulder deposits, we followed in order: (i) evaluation o f the minimum wave height capable of 
dislodging and transporting the boulders and (ii) estimation o f the inundation distance o f the 
waves.

Fig. 4.10: Field photographs o f boulder deposits a) tabular boulder, b) Scattered boulders o f 
various sizes and shapes, c) large boulders, d) joint bounded blocks on the shore platform, e) 
huge scattered and inverted boulders resting on the rocky cliff and f) inland boulders.
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Boulders in the study area are mainly concentrated at the West of Nagwa beach on the 
rocky cliff and pocket beaches (Figure 4.10). Boulders are mostly scattered on the coastline 
above the high tide line. However some are also found as imbricated clusters, which often 
contain few overturned boulders. Boulders shape varies from angular and tabular. The 
direction of imbricated boulders were recorded and mean pointed to 219° and 222° due 
southwest. The dimension and shape of boulders match very well with the joints in the shore 
platform. Also several boulders contain ichnofossils of organisms of subtidal/intertidal origin. 
It suggests that most of the boulders have been derived from shore platform of 
intertidal/subtidal origin.

West of Nagwa beach the coastline exhibits rocky cliffs carved out in Miliolite Formation. 
The striking feature of these cliffs is presence of wave-cut marine notches which hint past 
high sea stand. This rocky coastline is about 1.8 km long and has cluster of huge boulder 
blocks scattered on top. The cliff height is about 4m. The boulders are scattered for about 18 
m inland with maximum volume of 5.3 m3 and a maximum weight of 14.7 tons. A pocket 
beach of about 1.5 km long is covered by scattered boulder deposits. The shore platform is 
made of jointed Miliolite Formation and extends in the offshore. The coastline comprises of 
narrow beach and coastal dunes in landward side. The boulder deposits along this coastline 
are present in scattered and imbricated manner. The shape of most of boulders is angular with 
few tabular ones. The boulders are scattered about 35 m inland with maximum volume of 1.7 
m3. The highest weight of boulder on this coastline is 4.55 tons.

Wave Origin

We plotted the wave height at the final position of boulders with the distance and compared it 
with highest storm that the western coast of India has experienced. The May 2001 storm is 
the ‘strongest’ storm recorded in Arabian Sea that had hit the Saurashtra coastline, with wave 
height if  4 m near the coastline and maximum wind speeds of 215 km/hr. An earlier study 
compared the modeled and measured wave heights of 1975 Porbandar cyclone and estimated 
that the maximum wave height was 4 m near Madhavpur (about 100 km from present study 
area). We have used these parameters as strongest storm to affect the west coast of India 
(Table 4.2). Similarly the parameters of calculated wave for present study are also shown.

Table 4.2: Maximum inland inundation of wave for modeled and known events.

Event
Significant 
offshore wave 
height (m)

Breaking 
wave height 
(m)

Wave
period
(s)

Platform
steepness
(Degree)

Maximum
inundation
(m)

Super Cyclone Gonu 
(2007) 5 5.4 10 3 10.7

Strongest cyclone along 
Gujarat coast (May 
2001)

4.5 4.1 10 1 12.67

Calculated Tsunami 
wave based on boulder 
dimensions (present 
study)

4 3.5 900 1 597
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Our results show that the largest boulder in rocky cliff requires a storm wave height of 
17.15 m to dislodge and transport the boulder to its present day position and at pocket beach 
wave height should be 14.29 m. Similarly Figure 4.11 shows wave height of tsunami and 
storm wave at final position of boulders. On the other hand the same boulders can be 
dislodged and transported to their final position with a tsunami wave of 4.28 and 3.57 m at 
both sites respectively. The strongest storm in Arabian Sea Gonu (2007) had a wave height of 
5.4 m at breaking point and May 2001 storm had 4 m, whereas Porbandar 1975 storm had 
highest modeled height of 4.1 m near Madhavpur, which in any case cannot dislodge and 
transport the boulders in our study area to their respective present position. Hence we 
conclude that no known or modeled storm along west coast of India can dislodge these 
boulders and transport them to their present position.

Based on information available we have plotted the wave height decay curve of 
strongest known and modeled storm and tsunami events (Figure 3). Following wave 
inundation equation the plot of wave depth at final position of boulders was plotted versus 
distance and compared with wave height decay curve of strongest storm that has hit west 
coast of India. It shows that strongest storm that has hit the west coast of India cannot 
transport all the boulders to their present position. However a tsunami wave of 3.5 m height 
can transport all the boulders to their present position.

a) b)

Figure 4.11: (a) Tsunami wave height required to initiate boulder movement at their final 
position compared to tsunami wave heights computed for boulders and (b) Storm wave height 
required to initiate boulder movement to their final position compared to highest 
known/modeled storm event curves along west coast of India.

Our data clearly suggests a tsunami source to these boulder deposits. The imbrication 
of boulders points towards southwestern direction, most likely the OFZ as the causative 
source. There are several possible mechanisms that can generate a tsunami wave along the 
OFZ. 1) OFZ is a active strike slip fault with a potential to produce earthquakes >Mw 7. 
Although it is known that strike slip faults are not known to produce large tsunamis, but when 
coupled with oblique movement they can produce weak tsunamis, 2) The Southern Owen 
Ridge beholds most voluminous landslides, two of which removed about 40-45 km3 of 
sediments according to their failure morphology. Several studies from around the world have 
identified submarine landslides as a potential source of tsunami. Out of the two the most
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plausible explanations in our case is of a landslide that took place along the Southern Owen 
Ridge and generated a tsunami wave with a wave height of 4 m along Gujarat coast.

4.2 CRUSTAL DEFORMATION STUDIES BY GPS MEASUREMENTS

C rustal deform ation studies through a network of 22 perm anent GPS station in G ujara t
(Pallabee Choudhury, Rakesh Dumka, Parul Mittal, Ketan Singha Roy and B K  Rastogi)

A dense and wide permanent GPS station network has been established by ISR in Gujarat. 
Since 2006, crustal deformation in Gujarat is being monitored by this network. The network 
consisted of three permanent stations in first phase. In late 2008, 13 and in 2009, 9 more 
permanent stations were installed. Out of 25, three stations are withdrawn due to operational 
problems and 22 are running continuously till today. In addition, ISR is also running 11 GPS 
stations in campaign mode since 2006. The campaign mode surveys are being done twice a 
year.

The GPS data processing upto December 2012 is finished. For processing of the 
GPS data at first, the raw data were converted into the RINEX (Receiver Independent 
Exchange) format using the program TEQC (translation, editing and quality control) which 
is distributed on the Internet by UNAVCO (University NAVSTAR Consortium). The GPS 
data were organized into 24 hr segments covering a UTC day to facilitate the integration of 
data from 12 surrounding International GNSS Service (IGS) sites, namely, Bangalore (IISC), 
Bahrain (BAHR), Diego Gartia (DGAR), Kitab (KIT3), Kunming (KUNM), Nanyang 
(NTUS), Poligan (POL2), Hyderabad (HYDE), Selezaschita (SELE), Bakosurtanal (BAKO), 
Cocos (COCO) and Wuhan (WUHN). The GPS data collected were processed using 
GAMIT/GLOBK 10.5 software to estimate time series of station co-ordinates and their 
velocities. Co-ordinates and velocities of all sites, both permanent and campaign, were 
estimated in the ITRF 2008 reference frame by stabilizing IGS reference stations using 
GAMIT/GLOBK, GLORG. The obvious outliers were removed and down-weighted and a 
combined solution comprising of coordinates and their velocities for all the stations were 
estimated.

The observed velocities of all 22 permanent sites are shown in Fig. 4.2.1. The results 
estimated through horizontal velocity vectors in ITRF08 frame reveal that the plate 
movement is in the range of 46-52 mm/year in N46-50oE. The regional deformation is found 
by subtracting the plate motion, i.e., by subtracting the velocity calculated at the Gandhinagar 
permanent site (ISRR), a far off site from the Bhuj earthquake source region. All the sites 
show very small movement of the order of 2-5 mm/year in Indian reference frame. Eastward 
motion increases from Saurashtra to South Gujarat, In Kachchh, its negative at the stations at 
north of Desalpar, indicating westward motion (Fig. 4.2.2, upper panel) and rest showing 
eastward motion. Northward motion in Kachchh and Saursahtra is negative, which implies 
southward motion, except at Devgana, and positive in Narmada rift zone (Fig. 4.2.2, lower 
panel). The resultant regional deformation is found to be 1-2 mm/year in Kachchh, mostly 
towards SW, in Saurashtra 2-3 mm/yr towards east but in Narmada rift zone its little 
significant (3-4mm/yr) towards NE. The stations at south of Narmada rift zone (Sagbara and 
Barwani) show little more movement than the stations at north (Kevadia and Alirajpur).

Daily variability in position co-ordinates (NS, EW and vertical components) estimated at all 
the 22 permanent sites are shown in Fig. 4.2.3. Very small variation in the position of the
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station states that the uncertainty (or noise) in the measurement of station position is very less 
indicating very high accuracy in estimating the position co-ordinates.

Fig.4.2.1: The observed velocities of 22 permanent stations in ITRF08 reference frame.
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Fig. 4.2.2: Upper panel shows eastward and lower panel shows northward components of 
velocity (mm/yr) relative to the ISRR permanent station.
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Fig 4.2.3: Daily variability in position co-ordinates (NS, EW and vertical components) 
estimated at all the 22 permanent sites.

4.3 INTERFEROMETRIC SYNTHETIC APERTURE RADAR (INSAR) STUDIES BY ISRO 
AND ISR
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CHAPTER 5

EARTHQUAKE HAZARD ASSESSM ENT

5.1 Studies of response spectral ratio of strong motion sites in G ujarat
(Pallabee Choudhury and Ketan Singha Roy along with Sumer Chopra o f  MoES)

In this study we adopted the classification scheme proposed by Di Alessandro et al. (2012) 
based on the predominant period estimated from the average H/V ratio of the 5%-damped 
response spectra. We classified 23 strong motion sites of Gujarat area using 388 strong- 
motion records from 223 earthquakes varying in magnitude between 2.5 and 5.6 and 
hypocentral distance mostly less than 50 km. The 23 strong motion sites in Gujarat were 
classified into seven classes based on predominant period of the sites (Fig.5.1). The results 
show that the methodology of Di Alessandro et al. (2012), based on Italian data, can be easily 
used for other datasets around the world.

In comparison with the previous attempts for classifying the Gujarat strong-motion sites, here 
we obtained more robust results, as the variability of response spectral ratios with respect to 
magnitude and hypocentral distances is reasonably small and it does capture the signature of 
the sites. Previous attempts to classify sites based on local site conditions and geology could 
not incarcerate the site characteristics and variability within the same geological conditions. 
The presented site characterization methodology is quick and inexpensive where for instance; 
sites with thick sedimentary column like basins can be identified quickly without invasive 
analysis. Also, this classification based on predominant period, which contains both velocity 
and thickness of resonant layers in its definition, is better than site classification based on 
Vs30 criteria which captures the site response for only 30 meters. The site effects captured in 
this classification scheme can be utilized in the ground motion prediction equations 
developed for the region.
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Fig. 5.1: H/V spectral ratios of the 5%-damped response spectra for each site class. Solid and 
dashed black lines are mean and mean plus/minus standard deviation, respectively.
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5.2 G round motion modeling of G ujara t using Em pirical G reen’s Function approach
(Pallabee Choudhury, Ketan Singha Roy and Jyoti Sharma along with Sumer Chopra o f  
Seismology Division, Ministry o f  Earth Sciences, Prithvi Bhawan, New Delhi)

Dholavira earthquake of Mw 5.1 which occurred on June 19, 2012 was well recorded by 17 
strong motion stations namely, Bhachau (BHA), Badargadh (BDR), Rapar (RAP), Desalpar 
(DES), Kandla (KAN), Khavda (KHA), Lodrani (LOD), Anjar (ANJ), Chobari (CHO), 
Dayapar (DAY), Mandvi (MAN), Mundra (MUD),Vamka (VAM), Morbi (MOR), Rajkot 
(RAJ), Surendernagar (SUR), and Radhanpur (RAD). The recording of this earthquake at 
number of sites is an opportunity to try more robust EGF methodology for ground motion 
predictions from a future large earthquake in the region. The recordings of this earthquake are 
selected as element earthquake for simulating strong ground motions of future large 
earthquake of Mw 7.0 in the same area using EGF methodology (Irikura, 1983; Irikura et al., 
1997). The advantage of EGF techniques is that both path and site characteristics are 
embedded in the element waveform.

The contour maps of PGA simulated for Mw 7.0 at these 17 sites is shown in Fig. 5.2.1. We 
have compared our results with the ground motion prediction equations (GMPE) developed 
for the region (Mandal et al., 2009; Iyengar et al., 2010; Joshi et al., 2013). The comparison is 
shown in Fig. 5.2.2(a) and 5.2.2(b). Among the above three relationships developed for the 
studied region, the results of Mandal et al. (2009) are closest to the present results.

68'  69 70 71'  72*

Fig 5.2.1: PGA distribution (in g) due to Mw=7.0 target earthquakes
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(a)

(b)

Fig. 5.2.2: Comparison of PGA estimated in present study with the attenuation relation 
obtained by (a) Mandal et al. (2009) (b) Joshi et al. (2013) and Iyengar et al. (2010) for Mw 
7.0.
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5.3 Neo-deterministic seismic hazard  scenarios for Ahm edabad, Dholera and 
G andhidham  region
(Pallabee Choudhury, Ketan Singha Roy, B  K  Rastogi in collaboration with A Peresan, F  
Vaccari and G F  Panza, Trieste University, Italy)

The Department of Geosciences, Trieste University has developed a new technique called 
neo-deterministic seismic hazard assessment (NDSHA) which gives a realistic output of the 
seismic ground motion due to an earthquake of given magnitude at a distance. Three sites of 
Gujarat, namely, Ahmedabad, Dholera and Gandhidham have been identified for the 
implementation of neo-deterministic method for the determination of seismic hazard under 
the project “Definition of seismic and tsunami hazard scenarios by means of Indo-European 
e-infrastructures” . The areas considered for the study are shown in Fig. 5.3.1. The input 
parameters for seismogenic sources and fault plane solutions for the three regions are given in 
Table 5.3.1. In this approach, 1D velocity profile is used to take care of the path effect and 
2D velocity profile is used to compensate for the site effect. 1D sub-surface shallow profiles 
are made for the three regions using inputs from the receiver function analysis carried for the 
said region under a joint Indo-Taiwan research project on scenario strong motion studies in 
Gujarat region. The lithospheric structure for the three regions is shown in Fig 5.3.2. Qp are 
taken as 675, 660, 675, respectively for Ahmadabad, Dholera and Gandhidham and Qs 300 
for all three regions. 25 and 20km long E-W profiles have been made using velocities 
obtained from PS logging carried out in Ahmedabad and Dholera respectively. For 
Gandhidham a 50 km long N-S profile is made taking inputs from the studies done by OYO 
International Corporation, Japan for GSDMA. For Ahmedabad 25 km E-W profile is used 
and for Dholera 20 km E-W profile is used. The 2D profiles are shown in Fig 5.3.3 and the 
sources are put at distance 20km, 30km and 50km, respectively, from Ahmedabad, Dholera 
and Gandhidham profiles. Estimation of seismic hazard using these inputs is in process.
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Fig. 5.3.1: The Kandla, Dholera and Ahmedabad three regions considered for the study

Table 5.3.1: The input parameters used for NDSHA
Region Mw Depth(km) Strike(degree) Dip (degree) Rake (degree)
Ahmedabad 6.0 10 135 60 -90
Dholera 6.0 10 0 60 -90
Gandhidham 7.6 20 100 50 60
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Fig 5.3.2: The lithospheric structures of the three regions. The red and blue lines correspond 
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Dholera

Gandhidham

Fig. 5.3.3: 2D profile of the three regions considered for the study.

5.4 ESTIM ATION OF SHEAR-WAVE VELO CITIES IN DIFFERENT PARTS OF 
GUJARAT

(B. Sairam, B. K. Rastogi and Vandana Patel)

During 2013-14, shear-wave velocity (Vs) profiles are obtained at 28 sites in Bharuch and 3 sites 
in Ahmedabad by MASW. So far, shear-wave velocity profiles are estimated at 422 locations in 
Gujarat.
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5 .4.1 Site Characterization of Bharuch area
B. Sairam, B. K. Rastogi and Vandana Patel

S-wave velocities are estimated by MASW at 28 sites and Suspension PS-logging at 
15 sites. Sites are well distributed in the study area. We have compared shear wave velocity 
profile of PS-logging with N-value and they are showing good correlation. Most o f the 1-D 
shear wave velocity profiles show that the shear wave velocity increases steadily from nearly 
200 m/s at near surface to 400 m/s at 30 m. In one borehole the Vs becomes 450 m/s to 42 m 
depth and in another borehole it reduces to 250 m/s from 30 to 42 m depth. We computed 
Vs30 for all the sites and classified according to NEHRP classification. Most of study area’s 
Vs30 in the range o f 200 to 420 m/s. therefore, study area is classified as D-class and C-type 
soil following NEHRP classes based Vs30 (Fig. 5.4.2).

Vadadla Mandva

Derol

larmadaCollai

mSimada

Vs30 (m/s)
▲ MASW Sites

PS - Logging sites 

O Land Marks

Fig. 5.4.2: Vs30 Contours o f Bharuch area.

5.5 ASSESSMENT OF PREDOMINANT FREQUENCIES USING AMBIENT VIBRATION IN 
THE KACHCHH REGION OF WESTERN INDIA: IMPLICATIONS FOR 
EARTHQUAKE HAZARD

(A.P. Singh and N. Annam)

Natural predominant ground frequencies have been investigated in the Kachchh region of western 
India using ambient vibrations. The horizontal-to-vertical spectral ratio technique has been applied to 
estimate the predominant frequency at new 46 sites (total 126 sites) (Fig. 5.5.1). The ambient
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vibration measurements were conducted for about 1 h at each site in the continuous mode recording at 
100 sps. We have validated the estimated predominant frequency with earthquake data recorded at six 
broadband stations in the region. It has been observed that geological time period has a significant 
effect on predominant frequency of the ground. The estimated predominant frequencies vary from 
0.24 to 2.25 Hz for the Quaternary, 0.41-2.34 Hz for the Tertiary, 0.32-4.91 Hz for the Cretaceous, 
and 0.39-8.0 Hz for the Jurassic/Mesozoic. In the Deccan trap, it varies from 1.30 to 3.80 Hz. We 
found distinct variation of predominant frequencies of sites associated with hard rock and soft soil. 
The predominant frequencies were related to the thickness of the sediments (Figs. 5.5.2 a, b), which 
are deduced by other geophysical and geological methods in the region. Our results suggest that 
frequencies of the region reveals the site characteristics that can be considered for studying the 
seismic risks to evolve a plan for disaster risk mitigation for the region.
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Fig. 5.5.1: Some 126 ambient vibration measurement sites on the Geological map of Kachchh region. 
The H/V spectra insets show typical characteristics at different geological settings: S99 (Quaternary); 
S62 (Tertiary): S23 (Cretaceous); S102 (Jurassic); Deccan Trap (S13); S123 (Transition zone of 
Tertiary and Cretaceous)
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Fig. 5.5.2. a) Sediment thickness at study sites listed from north to south, with increasing sediment 
thickness to south b) west to east, with decreasing sediment thickness to east

5.6 SIMULATION OF STRONG GROUND M OTION DUE TO GREAT 
EARTHQUAKE IN THE CENTRAL SEISM IC GAP REGION OF UTTARAKHAND 
HIMALAYA

Kapil Mohan (ISR) and A. Joshi (IIT Roorkee)

Uttarakhand Himalaya in India lies in the central seismic gap region identified by Khattri and 
Tyagi (Tectonophysics 96:281-297, 1983). Most of the area in Uttarakhand state has been 
placed under zone V (the highest seismic zone) and zone IV (second highest seismic zone) of 
the seismic hazard map published by Bureau of Indian standard, Govt. of India (BIS in Indian 
standards code of practice for earthquake resistant Design of Structures, Indian Standards 
Institution, New Delhi, 2002). Some of the thrust/faults in the region manifest evidence of 
neotectonics and recurrent seismicity (Valdiya and Pant in Indian Nat Sci Acad 112-117, 
1986; Valdiya in Geodynamics of NW Himalaya, Gondwana Research Group Memoir 1999; 
Thakur in Curr Sci 86(II):1544-1560, 2004; Paul et al. in Seismotectonic implications of data 
recorded by DTSN in the Kumaon region of Himalaya 2004). On the basis of strain 
accumulation, Bilham et al. (Science 293:1442-1444, 2001) suggested a future magnitude of
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M C 8 in this region. Therefore, a great earthquake along main central thrust in the central 
seismic gap region has been modeled using semi-empirical technique of Joshi and Mohan (J 
Seismol 12:35-51, 2008). For modeling great earthquake, the shear wave quality factor QP(f) 
= 30 f  145 (Joshi et al. in J Earthq Technol 47(1):508, 2010) has been used for Pithoragarh 
region of Kumaon Himalaya. The strongmotion parameters [peak ground acceleration (PGA), 
spectral acceleration, and normalized spectral acceleration] are computed at five stations 
(Sobla, Didihat, Munsiari, Dharchula, and Pithoragarh) in Uttarakhand Himalaya. The 
maximum PGA of the order of “ 2g” is computed due to scenario great earthquake in the 
region at Sobla station. Such type of study is quite helpful for seismic-resistant designs of the 
buildings in earthquake-prone areas and is essentially required in Uttarakhand Himalaya.

Fig. 5.6.1: (a) The Peak ground acceleration along EW and NS component at Munsiari, Sobla, 
Pithoragarh, Dharchula and Didihat with response spectra at 5% damping and (b)Site amplification 
curves for five stations where strong motion is estimated (after Mohan and Joshi, 2013).
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5.7 A ttenuation Relation for Kachchh Region

Kapil Mohan and B.K. Rastogi along with A. Joshi, A. Kumar

Fig. 5.7.1: A ttenuation Relation for Kachchh Region developed by regression analysis of 
89 recorded accelerograms of Mw 3-5.7 and 480 synthetic accelerograms for 
earthquakes of Mw 5-8.2

Some 89 recorded accelerograms of earthquakes of Mw 3 -5.7 at rock sites in Kachchh region 
during 2006-08 and 480 synthetic accelerograms for earthquakes of Mw 5-8.2 generated by 
semi empirical method are used to prepare the following attenuation relationship (Fig. 5.7.1 
for Kachchh region by regression analysis:

ln(PGA) = -2.56 + 1.17Mw -  0.015R -  0.0001 ln(E+15)

For Mw 3 to 8.2; R  12 to 120km with st. dev. +/0.5
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5.8 SEISM IC HAZARD ASSESSMENT IN KACHCHH REGION OF GUJARAT 
(INDIA) THROUGH DETERM INISTIC M ODEL USING SEMI EM PIRICAL 
APPROACH

Kapil Mohan

The Peak Ground Acceleration (PGA) distribution map of Kachchh region of Gujarat is 
prepared at shear wave velocity of 500 m/sec using strong motion simulation technique of 
Midorikawa (1993) modified by Joshi et al. (2007). The Kachchh is an intra plate seismically 
very active region where several faults are active and can generate earthquakes of magnitude 
Mw 6.2 to 8 in future. In the present technique the entire area is divided into uniform grid 
points and maximum PGA is estimated at the corner of each grid point due to all the 
simulated earthquakes along active faults present in the area. In the Kachchh region, the 
Kachchh Mainland Fault (KMF) and Katrol Hill Fault (KHF) present in the central part of 
Kachchh; Allah Bund Fault (ABF) and Island Belt Fault (IBF) present in the northern part 
and South Wagad Fault (SWF) present in the eastern part are the major active faults (Fig. 
5.8.1) that can produce earthquake of magnitude Mw of 7.6, 7.5, 7.8, 8.0 and Mw6.5, 
respectively.
Different attenuation relations available for similar geology/ intraplate region were tested 
with recorded strong motion (structural response recorder) data. Average of three attenuation 
relations Atkinson and Boore (1995), Toro et al. (1997) of ENA and Mandal et al. (2009) 
(Fig. 5.8.2) was finally used in the study after converting these on same Vs level.. The PGA 
on the ground is in the range of 0.2-1.1g, with 90% area having 400 gals and higher, 1.1g 
around IBF, 1g around ABF and 0.8g around KMF (Fig.5.8.3).

Fig.5.8.1 : Generalized
geological map of 
Kachchh (after Biswas 
and Deshpande, 1970). 
The Kachchh Mainland 
Fault (KMF) is divided 
into four segments (A, B, 
C & D) and Katrol Hill 
fault (KHF) in three (A, 
B, C).
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Fig. 5.8.2 : The attenuation curve for peak horizontal ground accelerations (a) compared with 
the M7.7, 2001 earthquake data (Strong motion + SRR) and (b) for Magnitude (M=7.6) 
earthquakes. These curves in (a) have been prepared using attenuation relationship of Toro 
et al. (1997), Atkinson and Boore (1995), Frankel et al. (1996), Mandal et al. (2009) and 
Iyengar and Raghukanth (2004). The attenuation curves in (b) has been prepared using 
attenuation relationships of Toro et al., (1997) and Atkinson and Boore (1995) and Mandal et 
al., 2009. The solid lines in (b) represent the average peak ground acceleration of the three 
mentioned attenuation relationships.
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(c)
(d)

(f)
(e)

Fig. 5.8.3: The PGA distribution (a) Due to Mw7.8 along ABF, (b) Mw 8 along IBF, (c) Mw 7.6 
along KHF, (d) Mw7.6 along KMF, (e) Mw6.5 along SWF and (f) Combined map due to all 
earthquake scenarios mentioned in (a) to (e) (after Mohan, 2014 [seismological Research Letter]).
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CHAPTER 6
SEISMIC MICROZONATION

6 .1  A SSESSM EN T OF V U LN ER A BILITY  OF IN STALLA TIO N S N EAR  
G UJARAT CO AST VIS-A- VIS SEISM IC D ISTURBANCES

(ISR and HIT, Hyd. joint study funded by MoES, ISR Team: BK Rastogi, Kapil Mohan, A.P. Singh, B. 
Sairam;Sandeep Aggarwal, Vandana Patel; N. Annam, Vasu Pancholi, Sarda Maibam; Jaina Patel, 
Vinay Divedi, Darshit Modi IIITHyd Team: Ramancharla Pradeep Kumar, Chenna Rajaram, Terala 
Srikanth, Vasudeo Govind Chaudhary)

Major supply of petroleum products to Delhi and many parts of India is through ports 
of Gujarat. The Gujarat coasts are formed by faults which give occasional earthquakes of M6 
to 8 (in seismic zones III to V) that can severely damage coastal installations. Any large 
earthquake can disrupt supplies of essential items like petroleum to whole India. A disruption 
of one week can be tolerated as the stocks of about 15 days are maintained. The Government 
of India sponsored a project to ISR and IIIT, Hyderabad to assess levels of damage to 
different installations and the time needed to get them functional. Hence, we carried out 
assessment of vulnerability of installations at the ports along the Gujarat coast vis-a-vis 
seismic disturbances so that remedial measures could be planned for preparedness.

The coast of Kachchh (also spelled as Kutch) and the two coasts of Cambay host 
Quaternary deposits and also have petrochemical hubs. The Quaternary deposits along these 
three coasts will cause amplification of seismic waves. Hence, we concentrate on these three 
coasts. The other coasts are mostly rocky or have narrow sandy beaches which may not have 
amplification or have fewer / smaller ports. Total 13 ports have been studied. Presently major 
petroleum supply is from Kandla. Nearby Mundra is coming up as a petrochemical hub and 
Dholera is likely to be developed as a major port. These three ports are dealt in detail.

Eight port areas of Kandla, Dholera, Mundra, Jodiya, Jhangi, Mandvi, Dahej and 
Kamboi are soil covered where seismic hazard is assessed somewhat more than the national 
code. For the four rocky ports of Jakhau, Sikka (Madhapar Bhunga), Okha and Dwarka the 
response spectrum recommended in national code can be safely used.

Following investigations were carried out:

• Geology and tectonics of coastal regions of Gujarat is described. Deccan Trap or 
Tertiary hard rocks are encountered near surface at Jakhau, Dwarka, Okha, and 
Madhapar-Bhunga (Jamnagar). The other ports have Quaternary soil on surface. Stiff 
soil with N of 50 or more is encountered near surface at Kandla due to presence of 
clay. In Dholera N50 is usually at 15 m depth but sometimes at 10 m and sometimes 
at 30 or even 40 m depth. The same is at Kamboi and Dahej. At Dahej silt 
encountered at 27 m gives N100. At Jodia clay present near surface gives N50 and 
limestone gives N100 at 24 m. At Mandvi the Tertiary siltstone at 43 m gives N100. 
At Jangi clay from 16 m gives N50 and N100 at 37 m depth.
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• For geotechnical investigations 10 boreholes were drilled under this project in ten 
different port areas. Physical and mechanical properties of rocks / soils were tested. 
Results of detailed studies done with the help of a number of boreholes at Mundra, 
Dholera and Kandla ports are described. Liquefaction potential is estimated to be 
present in Kandla and Mundra. Information about subsurface deep layers are obtained 
by geophysical investigations including shallow seismic survey, PS logging, Array 
Microtremor survey and operation of broadband seismic stations to know the depth to 
Engineering Bed Layer. Vs30, the shear wave velocity to 30 m depth is also 
estimated. The subsurface information inferred from geotechnical, geophysical and 
geological data is as follows:
Deccan Trap or Tertiary hard rocks are encountered near surface at Jakhau, Dwarka, 
Okha, and Madhapar-Bhunga (Jamnagar). At Mandvi the Tertiary silt stone is met at 
43 m depth. Quaternary is up to about 15-20 m depth in Mundra and Kandla. Further 
east in Jangi (Navlakhi) area Quaternary is over 50 m deep. On the western side of 
Gulf of Cambay in Dholera the 100 m thick Quaternary and about 200 m Tertiary lie 
over Deccan Trap. On the eastern side at Kamboi and Dahej some 100 m thick 
quaternary may be lying over a thin Deccan Trap.

• Site Response studies (amplification and resonance frequencies) using earthquakes 
and ambient vibrations at Dwarka, Mundra, Mandvi, Kandla, Lakhpat, Jakhau, 
Jhagadia, Dholera and Sikka.

• Strong motion studies have been carried out at ports of Jangi (Navlakhi), Mandvi, 
Jodia, Kamboi (Bharuch) and Dahej with one borehole each. Due to hard rock near 
surface at Jakhau, Dwarka, Okha, and Madhapar-Bhunga (Jamnagar) strong motion 
amplification is not expected and BIS code may be safely applied. At Mundra, 
Dholera and Kandla the detailed strong motion studies with a number of boreholes 
are described.

• The study of engineering aspects of port structures include (i) Soil Structure 
Interaction Studies for two types of buildings namely rigid support and structures 
with actual soil base at some o f  the ports (ii) Level o f  damages fo r  different levels o f  
seismic hazard.

• Tsunami hazard modeling for the coastal regions of Gujarat.

Faults of concern and their potential maximum magnitudes are as follows:

The southern coast of Kachchh is not traversed by any major fault. Katrol Hill fault (KHF) at 
50 km north has potential of M 7.5 and the Kachchh Mainland fault (KMF) 25 km further 
north can generate a large earthquake of magnitude about 8. These two faults dip towards 
south and can cause intensity of VII or VIII. The northern coast of Saurashtra is traversed by 
an inferred north dipping North Kathiawad fault (NKF) which may have potential of M 6.5 
earthquake. The eastern Saurashtra coast is traversed by West Margin Cambay fault (WCF) 
which may have potential of earthquakes of magnitude 6 or less. The Cambay basin abuts 
against the Narmada basin. South Narmada fault is active and has potential of earthquake of
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M 6.5. It is postulated to extend to south eastern coast of Saurashtra. The western and 
southern coasts of Saurashtra have boundary faults but no significant earthquake is known to 
have occurred along them.

Hence, the eastern coast of Saurashtra has hazard of local earthquake of M 6 while southern 
Kachchh has hazard of M 7.5 at 50 km distance and M 7.7 at 75 km distance. There is no 
serious earthquake hazard in other coasts.

The tsunami hazard exists in the ports of Gulf of Kachhh as well as western and southern 
coasts of Saurashtra. Tsunami height of 2-3 m may be expected. At other coasts tsunami 
height may be a meter or less.

Most supply of petroleum products is from Kandla port. As the faults producing significant 
earthquakes are more than 50 km away from Kandla there are possibilities of moderate 
damages due to shaking and liquefaction. However, it is analyzed that the possible damages 
may be repairable in 1-2 weeks time if advance planning is implemented.

Damage to different types of installations in the ports of Gulf of Kachchh due to Bhuj 2001 
earthquake is described in detail. Installations include Kandla Port and IFFCO Fertilizer 
Factory at Kandla, Digvijay Cement factory, Sikka Thermal Power Plant and Gujarat State 
Fertilizers Corp. Factory at Jamnagar. The lessons learnt from these damages are important 
for earthquake resistant designing of different components of installations.

Fig. 6.1: Location Map of Ports studied in Gulf of Kachchh and Gulf of Cambay. The three 
ports studied in detail are Mundra, Kandla and Dholera
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6.2 ESTIM ATION OF STRONG M OTION PARAM ETERS IN THE COASTAL 
REGION OF GUJARAT USING GEOTECHNICAL DATA

Kapil Mohan, B.K. Rastogi and Vasu Pancholi

Seven boreholes are drilled in the coastal region of Gujarat; three in Kachchh (at Jangi, 
Mandvi and Mundra), one in Saurashtra (Jodiya) and three in mainland Gujarat( Dahej, 
Kamboi and Dholera) to depths of 27m to 80m for estimating the surface strong ground 
motion parameters. These parameters are required for seismic resistant design of structures in 
the areas. The adopted methodology comprises of three parts: (i) soil modeling and 
estimation of depth to Engineering Bed Layer (EBL) (a prominent subsurface soil layer with 
shear wave velocity of 450m/sec to 760 m/sec with SPT N value of more than 80) (ii) 
Estimation of the ground motion at EBL (iii) estimation of ground motion at the surface by 
1D ground response analysis using SHAKE program. The soil models are prepared from 
borehole data and shear wave velocity/ N-values. The ground motion at EBL is estimated 
using Stochastic Finite Fault source Modeling Technique by considering scenario 
earthquakes along two major faults of Kachchh (Kachchh Mainland Fault (Mw7.6) and 
Katrol Hill Fault (Mw7.5)), one of Saurashtra (North Kathiawar Fault (Mw 6.5)) and one of 
Mainland Gujarat (West Cambay Fault (Mw 6.0)). The surface ground motion is estimated by 
passing ground motion simulated at EBL through prepared soil models of each site using 
SHAKE program. The surface peak ground acceleration from 0.076 g to 0.396 g and peak 
spectral acceleration from 0.24g to 1.4g are estimated at seven coastal sites. Spectral 
accelerations are found higher than Bureau of Indian Standard (BIS) suggested values at 
Jangi (between 0.1 to 0.3 sec & 0.8 to 1.4 sec), Jodiya (0.1 to 0.3 sec), Mundra (0.3 to 0.6 
sec) and Dholera (0.1 to 0.4 sec) sites, where the importance factor of 1.5 needs to be 
considered. The study suggests taking BIS values at Dahej, Kamboi and Mandvi coastal sites.

6.3 GEOTECHNICAL ANALYSIS FOR VULNERABILITY OF PORTS, 
GUJARAT (2013-14)

(Vasu Pancholi, Sarda Maibam, Jaina Patel, Vinay Kumar Dwivedi, Suraj Kumar, 
Rahul Ranjan)

There are 10 boreholes drilled at different depths in Coastal area of Gujarat shown in Fig. 6.1. 
Boring was carried out to determine the stratification, standard penetration test (SPT), 
suspension PS logging as well as soil and rock sampling. Boreholes were drilled by rotary 
mechanical drilling. During drilling disturbed and undisturbed samples are collected in soil 
strata while in rocky strata core samples are collected and applied to laboratory tests. 
Quantities of soil samples are shown in Table 6.1.

Core Sampling:-

Total 54 core samples are collected during drilling. The core being created is encapsulated 
within, and subsequently extracted by, a retrievable sampling device called a core barrel. The 
core barrel is a mechanically designed device consisting of many interconnected engineered 
components. It is connected to a consumable core drilling bit, typically made with synthetic 
diamonds, which is the core cutting tool. As the drill bit penetrates through the material, it 
creates a core in its wake, entering the core barrel until it’s recipient tube is full, or the core’s
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entry is impeded, at which time the sample recipient tube is removed, emptied of its core, 
replaced and drilling resumed.

Table 6.1: Details of Boreholes

Depth 
(in m)

Location Water Sampling in BH PS

BH. No. Village
Latitude Longitude Altitude Level

UDS DS SPT Samples Logging
N E (in m) (in m) (in m)

Bh-1 Okha 19.5 22.47 69.07 5 3.1 - - - 13 -

Bh-2 Dwarka 16.5 22.24 68.96 13 8.0 - - - 11 -

Bh-3 Dahej 48.0 21.73 72.565 2.3 1.52 15 1 17 - -

Bh-4 Kamboi-
Bharuch 43.5 22.21 78.62 8 1.35 10 5 15 - -

Bh-5 Madhapar
Bhunga 12 22.50 70.03 9 2.0 1 1 2 4 -

Bh-6 Jodiya 28 22.78 70.32 3 1.65 3 4 8 4 18

Bh-7 Jangi 48 23.17 70.59 1 5.80 13 3 16 - 30

Bh-8 Kandla 16.5 22.99 70.15 5 3.70 - - - 12 -

Bh-9 Mandvi 46 22.83 69.34 9 7.6 10 4 14 3 30

Bh-10 Jakhau 10.5 23.21 68.71 11 2.0 - - - 7 -

Table 6.2: Quantity of Laboratory Tests performed on Soil and rock Samples

SO IL Rock

L aboratory  Test Total samples L aboratory  Test Total

Sieve Analysis 118 Water Absorption 24

Hydrometer 103 Sp. Gravity 25

Atterberg Limit 112 Dry Density 25

W ater Content 80 Saturated Density 23

Sp. Gravity 118 Unconfined compressive strength (Dry) 11

Density 56 Unconfined compressive strength (Saturated) 14

Direct shear 16

Triaxial Test 13
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Lab Analysis:

The laboratory soil tests were carried out (Table 6.2) in accordance with the relevant IS 
Codes, approved testing procedures and approved laboratory testing of NIRMA University at 
Ahmedabad. Also, some of the soil samples were analyzed and tested by ISR representatives 
at the Geo-technical Lab in ISR for comparison of the Laboratory results.

Lithological Units

Litho-logical units presented in Table 6.3 are classified based on the grain size analysis and 
the nomenclature is given according to IS: 1498-1970. The data includes the classification of 
Gravel, Sand, Silt and Clay (%), Liquid Limit (%), Plastic Limit (%), and Plasticity Index 
shown in Table 6.4.

Table 6.3 Soil Types as per Indian Standards

Symbol Soil Characteristics
GW Gravel Well Graded Gravels
GP Gravel Poorly Graded Gravels
GM Gravel Silty Gravels
GC Gravel Clayey Gravels
SP Sand Poorly Graded Sand
SM Sand Silty Sand
SC Sand Clayey Sand

MH Clayey High Plasticity
M I Clayey Intermediate Plasticity
ML Clayey Low Plasticity
CH Silty Clay High Plasticity
CI Silty Clay Intermediate Plasticity
CL Silty Clay Low Plasticity

Table 6.4: Typical Example of Soil Classification with the help of G rain size and
A tterberg Test

Depth Gravel (% ) Sand (% ) Silt (% ) Clay (% ) L.L P.L P.I Soil Type

3 2 41 35 22 37 18 19 SC

4.5 0 34 28 38 54 26 28 SC

6 0 44 28 28 56 24 32 SC

7.5 6 44 36 14 54 25 29 CH

9 28 42 21 9 55 27 28 SC

10.5 5 38 43 16 53 25 28 CH

13.5 0 51 33 16 54 25 29 SC
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W ater A bsorption Test:-
Water absorption test on the rock was done as per IS: 1124:1974. Rocks having higher water 
absorption values are porous and hence weak. They are generally suitable unless found 
acceptable based on crushing and grinding. The sample is weighted on water and the buoyant 
weight is found.
The water absorption is expressed as percentage water absorption in terms of oven dried 
weight of aggregate Rock specimen having more than 0.6 percent of water absorption are 
considered unsatisfactory values found acceptable based upon strength tests. About 1 Kg of 
dry rock sample is placed in glass vessel fill with water at the room temperature 200 to300 for 
24 hrs. Then the soaked rock specimen was oven dried at 1050 to1100 and used for 
determination of % of water absorption.

% Water absorption= (W2-W1)/W 1*100
Where,
W 1=weight of dry rock sample and W2=weight of soaked rock sample

In the study area water absorption capacity of rock is ranging from 0.54 to 11%.
Unconfined Compressive Strength:-
Unconfined compressive strength of rock was carried out as per IS: 9143 -  1979. 
Compressive strength is the capacity of a material to withstand axially directed compressive 
forces. The most common measure of compressive strength is the uniaxial compressive 
strength or unconfined compressive strength. Usually compressive strength of rock is defined 
by the ultimate stress. It is one of the most important mechanical properties of rock material, 
used in design, analysis and modeling.

Unconfined compressive strength (o) = P /A 
Where: o = compressive strength, (kN/m2)
P = maximum load, (kN)
A = cross sectional area, (m2)
As per the standard classification of Rock with respect to strength, the Bh-5 (Madhapar 
Bhunga) comes under high strength rock while other rock strata come under low to medium 
strength.
S tandard  Penetration Test, N-Value
SPT was conducted in accordance with IS: 2131-1981 in bore holes at interval of 3m depth in 
uniform strata. The test gives N-value; the blow counts of last 30 cm of penetration of the 
split spoon sampler with 65 kg hammer falling freely from 75cm height. The rods to which 
the sampler is attached for driving are straight, tightly coupled and straight in alignment. 
There after the split spoon sampler is further driven by 30 cm. The number of blows required 
to drive each 15 cm penetration is recorded. The first 15 cm penetration is termed as a 
“Seating Value”. The last 30 cm penetration termed as the “N- Value”. Respective tables 
mentioned below shows the details of N value and the penetration (in cm). Small disturbed 
samples of soil are obtained from the split spoon sampler after completion of the tests.

SPT N-Value Corrections
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The measured SPT blow count (Nspt) is first normalized for the overburden stress at the depth 
of the test and corrected to a standardized value of (N1)60. Using the recommended correction 
factors given by Robertson and Fear (1996), the corrected SPT blow count is calculated with:

(N i )60  = N s p t  x (C n  x C e  x C b  x C r  x C s )

A sample Measured SPT N-Values are listed in Table 6.5.

Table 6.5: A Sample of Measured SPT N-Values at Jangi borehole

Standard  Penetration Test Penet ration in cm. N-value correction
Depth

N1 N2 N3 N-Value P 1 P2 P3 N s p t (N^60 (N1)6 0 c s

3.0 5 14 23 37 15 15 15 37 27 28
6.0 14 24 36 60 15 15 15 60 43 48
9.0 15 18 26 44 15 15 15 44 29 35
12.0 14 18 20 38 15 15 15 38 25 30
15.0 20 32 38 70 15 15 15 70 46 52
18.0 18 22 28 50 15 15 15 50 31 36
21.0 10 20 67 87 15 15 15 87 57 60

24.0 11 16 24 40 15 15 15 40 24
29

C N = O verburden Pressure, C E= H am m er Energy, C B= Borehole Diameter, C R=Rod length, C S= sampler* correction

Liquefaction Analysis:

After applying necessary corrections to SPT “N ” value Factor of safety calculations were also 
conducted with the help of boreholes having soil layers. Factor of Safety against Liquefaction 
of soil layer has been evaluated based on simplified procedures (Seed et al., 1983, 1985: Youd 
et al., 20012: Cetin et al., 2004). For Liquefaction estimations or calculations two variables, 
are defined based on Cyclic Stress Ratio (CSR) and Cyclic Resistance Ratio. Liquefaction 
resistance ratio estimated based on corrected SPT N value.

Here, Factor of safety (FS) = (CRR/CSR) * MSF

Where, CSR= Cyclic stress ratio, CRR= Cyclic resistance ration and MSF= Magnitude 
scaling factor, FC= Fine Content

Table 6.6: Typical Liquefaction analyses for a Borehole at Jangi borehole

Depth Magnitude of 
earthquake

Corrected 
N value svo s vo rd CSR FC CRR MSF FS for

Liquefaction
(m) Mw (N1)60CS KN/m2 KN/m2 (%)
3.00 6 31 55.92 55.92 0.98 0.23 16 0.53 1.77 4.00
6.00 6 48 98.88 96.92 0.95 0.23 83 144.37 1.77 NL
9.00 6 35 141.85 110.4 0.91 0.28 89 1.15 1.77 NL
12.00 6 30 197.48 136.6 0.86 0.30 47 0.51 1.77 3.06
15.00 6 52 243.39 153.1 0.79 0.30 76 3110.1 1.77 NL
18.00 6 37 288.41 168.7 0.71 0.29 51 1.64 1.77 NL
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Criteria of Factor safety for Liquefaction Hazard:

If FS < 1.5 -  Critical, FS= 1.5 to 2.5 -  Moderate, FS= 2.5 to 4- Low Critical and FS> 4- Safe

6.4 Geotechnical Analysis for Seismic Microzonation of Gandhinagar city, 
Gujarat (2013-2014)

Vasu Pancholi, Sarda Maibam, Jaina Patel, Vinay Kumar Dwivedi, Suraj Kumar, Rahul 
Ranjan

Total 8 boreholes of 50m and 6 boreholes of 35m were drilled for Seismic Microzonation of 
Gandhinagar city. In the year of 2013-14, six boreholes of 35m were drilled shown in Fig. 
6.2.

Fig. 6.2: Gandhinagar Borehole Location Map
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Table 6.7: Quantity of Samples

Total Boreholes Total Depth SPT UDS

6 Boreholes (35m) 210 m 73 67

Lab Analysis:

The laboratory soil tests were carried out in accordance with the relevant IS Codes and 
approved testing procedures for laboratory testing at Institute of Seismological Research 
(ISR). For undisturbed soil samples (UDS), mechanical analysis such as Direct Shear tests as 
well as Physical tests such as, Grain Size Analysis, Atterberg’s Limit, Field Dry Density, 
Moisture Content, and Specific Gravity have been conducted. The disturbed soil samples 
(DS) have undergone Physical tests only excepting Field Density and Water Content tests 
(see Table-2).

Table 6.8: Lab tests carried out for the collected samples (6 boreholes of 35m)

Agency ISR
Type of Sample DS/SPT UDS

Grain Size Analysis Sieve Analysis 73 67
Hydrometer Analysis 73 67

Atterberg's Limit 66 54
Field Dry Density - 67

Field Moisture Content - 67
Specific Gravity 73 67

Direct Shear Test - 25

Mechanical Tests:

Direct Shear Test (IS: 2720, Part -  XIII, 1986):

Direct shear test is performed to determine the shear strength of the soil with a maximum 
particle size of 4.75 mm. Shear strength is one of the most important engineering properties 
of a soil, because it is required whenever a structure is dependent on the soil’s shearing 
resistance. The shear strength is needed for engineering situations such as determining the 
stability of slopes or cuts, finding the bearing capacity for foundations and calculating the 
pressure exerted by a soil on a retaining wall. Shear parameters determined by Direct Shear 
Test are Cohesion (c) and Angle of Friction (0). In present study Shear strength has been 
calculated till the depth of 15m.

Free Swell Index (IS: 2720, P a rt -  XL, 1977)
This test is performed to identify the potential of a soil to swell which might need further 
detailed investigation regarding swelling and swelling pressures under different field
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conditions. Two 10 g soil specimens of oven dry soil passing through 425 micron IS Sieve 
are taken and soil specimens are poured in each of the two glass graduated cylinders of 100 
ml capacity. One cylinder is then filled with kerosene oil and the other with distilled water, 
write up to the 100 ml mark. After removal of entrapped air, the soils in both the cylinders are 
allowed to settle. Sufficient time (not less than 24 hrs) is allowed for the soil sample to attain 
the equilibrium state of volume without any further change in the volume of the soils. The 
final volume of soils in each of the cylinders is read out. The free swell index of the soil shall 
be calculated as follows:

Free Swell Index, percent (Vd -  Vk )*100
V*

where, Vd = Volume of soil specimen in the cylinder containing distilled water and 
Vk = Volume of soil specimen in the cylinder containing kerosene

Standard  Penetration Test, N-Value:

SPT was conducted in accordance with IS: 2131 (1981) in boreholes at every change of strata 
or at an interval of 3.0 m depth in uniform strata. The test gives N-value; the blow counts of 
last 30 cm of penetration of the split spoon sampler with 65 kg hammer falling freely from 75 
cm height. The rods to which the sampler is attached for driving are straight, tightly coupled 
and straight in alignment. There after the split spoon sampler is further driven by 30 cm. The 
number of blows required to drive each 15 cm penetration is recorded. The first 15 cm 
penetration is termed as a “Seating Value”, while the last 30 cm penetration is termed as the 
“N- Value”. Respective tables mentioned below shows the details of N value and the 
penetration (in cm). Disturbed samples of soil are obtained from the split spoon sampler after 
completion of the tests.

Field SPT M easurem ents:

As mentioned above, the standard N-value is the blow counts for the last 30 cm of 
penetration and 50 times is the maximum value. However, for harder soil penetration cases, it 
often happens that penetration depth does not reach 30 cm or counts need more than 50 times 
for 30 cm penetration. Table 3 shows a sample of field SPT log for BH-01 in Sector 8.

Table 6 .8 : Sample of field measured SPT N-values for a Borehole

Depth
Standard  Penetration Test Penetration in cm. N-value

correction
N1 N2 N3 N-Value P 1 P2 P3 N s p t (N1)60

3.0 7 15 18 33 15 15 15 33 27
6.0 9 21 35 56 15 15 15 56 44
8.0 15 20 51 71 15 15 15 71 52
12.0 18 25 54 79 15 15 15 79 57
18.0 18 70 70 15 9 233 170
21.0 61 0 15 122 88
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For practical use of N-values for earthquake engineering purpose, the estimated N-value was 
defined in the following way:

1) P1, P2 and P3 exist, then follow original definition (SPT = N-value)
2) P1 and P2 only exist, then NSPT = (N2*30) / P2
3) P1 only exists, then NSPT = (N1*30) / P1
Further, N-values are to be corrected for identification of true values based on correction 
factors as stated below.

1. Overburden Pressure (CN), 2. Hammer Energy (CE), 3. Bore Hole Diameter (CB), 4. 
Presence or Absence of Liner (CS), 5. Rod Length (CR) and 6. Fine Content Correction

SOIL MODELING, STRONG MOTION SIMULATION AND GROUND 
RESPONSE ANALYSIS FOR MICRO SEISMIC HAZARD
ASSESSMENT IN GUJARAT (INDIA)

Kapil M ohan and B.K. Rastogi

Due to large scale industrial development, the special infrastructures are planned in Gujarat 
like SIR zones, group of sky scrapper etc. After 2001 Bhuj earthquake, the need for seismic 
resistant structures is increased and the scope for micro seismic hazard assessment studies is 
also increased. In view of this, the strong motion parameters like Peak Ground Acceleration 
(PGA), Peak Spectral Acceleration (PSA) are estimated at micro level on grid pattern with 
spacing of ~500m at selected sites of economic importance. The entire process is divided into 
three parts (i) Establishment of Engineering Bed Layer (EBL) from borehole data, SPT N- 
Values and seismic surveys, (ii) Estimation of strong ground motion at EBL using strong 
motion simulation technique and (iii) Estimation of surface strong motion parameters and soil 
amplification by passing the ground motion estimated at EBL through soil models prepared 
from Borehole data and shallow Geophysical surveys of ~ 150 boreholes (depth 30 to 100 
mtrs, onshore and offshore both) are used to prepare soil models and established EBL. The 
EBL is estimated at depth of 15 to 70 m for velocity of ~ 500 to 760 m/sec with SPT N-Value 
of 80-100. The active segments of Kacahh Mainland Fault and Katrol Hill Fault (the major 
active faults in Kachchh region) are considered for estimation of EBL motion for Kachchh 
region of Gujarat. However, in other parts the nearest active fault considering past seismicity 
are taken for estimation of strong motion due to near field earthquake at EBL. The far field 
earthquakes are also considered for the purpose of long period ground motion for high rise 
buildings. The soil models are prepared based on soil classification and SPT N-Value above 
EBL. The 1D ground response analysis is conducted through SHAKE and strong motion 
parameters are estimated at surface. The PGA maps and spectral acceleration (Sa) maps for 
0.1 to 1.25 sec are also prepared The soil amplification ratio is another important parameter is 
also computed and varying from 1 to 3 in Kachchh and Gandhinagar and surrounding regions
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of Gujarat. A large increase in the PGA is computed at a depth o f 6-10 m due to a thick low 
N-value layer in the surroundings of Gandhinagar.

Fig.: Location of boreholes drilled.
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Figure: Soil models of each borehole used in ground response analysis.
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Table: Depth of Engineering Bed Layer

Area Vs EBL depth range (in m)

Mundra 760 m/sec 33-42m

South Gandhinagar 500m/sec 28-45m

Central Mainland 450m/sec 8-62m

Central Ahmedabad 
(WCF)

465m/sec 35-38m

Table: Area wise boreholes

Location Total Boreholes SPT Samples
Central Ahmedabad 11 300

Central Cambay 87 1105
South Gandhinagar 20 200

Mundra 9

Table: PGA values at EBL and surface in studied areas of Gujarat. The surface PGA values 
are estimated from ground response analysis using SHAKE.

Sr. No. Area PGA range at EBL (cm/sec2) PGA at Surface 
(cm/sec2)

1 Central Mainland (W CB) 174 177-307
2 Mundra (KHF) 106 147-262
3 South Gandhinagar (W CF) 224 232-300
4 Central Ahmedabad (W CF) 55 70-76
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CHAPTER 7
EARTHQUAKE PREDICTION RESEARCH

(K. M. Rao, M.S.B.S. Prasad, Prasanna Simha and Sushant Kumar Sahoo)

7.1 Operation of Multi-Parametric Geophysical Observatories

An earthquake research center at Bhachau and three Multiparametric Geophysical Observatories are 
operational since March 2009 in Kachchh region at Badargadh, Vamka and Desalpar for Earthquake 
Precursory Research. MPGO sites are east and northeast of the aftershock zone of 2001 Bhuj 
earthquake (Mw 7.6) where the activity has migrated from 2006 onwards. Magnitude 5 earthquakes 
are still occurring in Kachchh occasionally and 70 shocks of magnitude >1 are recorded on an 
average per month. Very Broadband Seismometer, Strong Motion Accelerograph, GPS and Radon 
recorders are installed at all the three sites. The radon sensors were only functional since June, 2013 
after the recalibration/repair at Sarad Systems, Germany. Out of two Fluxgate magnetometers, one 
Fluxgate magnetometer has worked well at Desalpar and other one is showing higher values of Z- 
component which is now installed at Vamka. The Super Conducting Gravimeter which has been 
installed at Badargadh has worked smoothly. Two water level recorders at Desalpar and Badargadh 
are worked well. Three Overhauser Magnetometers, three Declination/Inclination Magnetometers, 
three ULF Magnetometers are installed at MPGO's in December-2012. All these Magnetometers are 
working well. ISR in collaboration with ISRO has established the CALVAL site at Desalpar. This site is 
useful for Calibration of optical and microwave sensors and validation of Geo-physical data products 
which form an integral and vital component of any satellite programme. We observed some 
anomalies in the magnetic, radon and gravity measurements which can be correlated with micro 
earthquakes in the region.

7.2 Operational of CAL-VAL site at Desalpar for Land and Atmosphere

Calibration of optical and microwave sensors and validation of Geo-physical data products form an 
integral and vital component of any satellite programme. ISR in collaboration with ISRO is developing 
a CAL-VAL site at Desalpar in Rann of Kutch for Optical, Microwave RS sensors and InSAR 
measurements. We have completed all the civil works at the site and installed all the proposed 
instruments at the site. The site becomes operational now (Fig 7.1). Apart from this, campaign mode 
measurements at various parts of Gujarat are also collected. This site will be very useful for land and 
atmospheric Remote sensing applications. The site will be very useful for Resource Sat, Ocean Sat, 
Meghatropiqaues, Risat-1 Sar, Carto Sat and future projects of ISRO/DOS (Fig 7.2).
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Fig 7.1: Overview of the CAL-VAL site at Desalpar

Fig 7.2: Instruments deployed at top of the building at Desalpar

7.3 Vicarious Calibration of OCM-2, AWiFS, LISS-III, LISS-IV and Landsat ETM+ Sensors Using a 
Reflectance Based Method over a Land Site in the Little Rann of Kutch, Gujarat

There are many methods of vicarious calibration, viz., absolute vicarious calibration, relative 
calibration, lunar calibration etc. that can be used to monitor possible variations in sensor calibration 
coefficients. Vicarious calibration refers to the process of determining a sensor calibration coefficient 
using field measured surface radiance/reflectance and sensor observed DN values of the same
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surface, at the time of satellite pass. If the instruments used for making field measurements are 
traceable to NIST or other well known standards, then the vicarious calibration becomes an absolute 
calibration. The field measured hyper-spectral surface reflectance at different wavelengths is 
averaged over the corresponding wavelength bands of the sensor and passed through an 
atmospheric correction code to compute the TOA radiance or reflectance. The average radiance per 
DN (typically averaged over 3*3 or 5*5 pixels covering the study sites) in an image is computed and 
compared with estimated radiance per DN for the same pixels to derive vicarious calibration 
coefficients for different bands. This method has been applied to estimate vicarious post-launch 
calibration coefficients for Landsat ETM (Thome, 2001), Landsat and EO -  1, ALI sensors (Chander et 
al., 2009), AWiFS sensor (Pagnutti and Holekamp, 2006), MISR (Bruegge et al., 2007). This is only a 
representative list and not an exhaustive one. An equivalent method of computing vicarious 
calibration coefficients is to compute the ratio Lest/Lobs, where Lest and Lobs are the TOA 
estimated and sensor measured radiances respectively. In a radiance product, the pixel radiance 
values are implicitly derived from sensor calibration coefficients and hence, any deviation from unity 
of Lest/Lobs, indicates change in sensor calibration coefficients. This method can be used when 
processed data consisting of radiance values is available, as in the case of OCM-2 sensor.

The experimental site is situated about 25 kms away from Amrapura village, Patan district (location 
23.596s N, 71.263s E) in the Little Rann of Kutch, Gujarat. The area is a vast homogeneous, plain 
marshland with mostly dry, salty soil dominating the landscape during the months of November to 
May, and prone to excessive water logging during the monsoon season (June to September). The 
mean elevation is ~ 5-6 m above sea level, temperatures in the region vary from 45s C in summer to 
20s C in winter and the average annual rainfall is ~ 35 cm in this region. Typical satellite images of 
the experimental site along with acquisition dates are given in Figs 7.3 (a -  c). The study sites are 
marked with a red box and field measurements were carried out within these sites.

Fig 7.3 (a) RS 2 AwiFS 10 Feb 2013 (b) OCM-2 of 1 May 2013 (c) P 6 AwiFS 12 Dec 2012

Acquisition date of images is 30 November 2012. An example of location of study sites in RS-2 AwiFS, 
LISS 3 and LISS 4 images is given in Fig 7.4. Since ASD measurements were taken 50 m apart in a grid 
of 5*5 pixels, the 5*5 grid is continuous in AwiFS, alternate pixels in LISS 3 and every tenth pixel in 
LISS 4.
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Fig 7.4. Location of study sites in RS-2 AwiFS (a), LISS 3 (b) and LISS 4 (c) images.

7.4 Study on Total Electron content (TEC), Sea Surface Temperature (SST) and outgoing Long wave 
radiation (OLR) nearer the Indian sub continent

Observations of temporal and spatial variability of the total electron content (TEC) are of great 
importance to both developing empirical ionospheric models and answering fundamental questions 
regarding ionospheric physics, especially for disturbed conditions. The state-of-the-art empirical 
models provide TEC values that may appreciably depart from measurements even if the peak F2 
layer electron densities show good agreement (Zakharov and Lyashenko, 2003; Dzyubanov et al., 
2003; Kailiang and Jinming, 1994; McNamara, 1985; Coi'sson et al., 2004), which indicates that the 
electron density in the top side ion-sphere is represented by these models poorly. TEC is the total 
number of electrons present along any path between the ground stations and Global Positioning 
Satellite (GPS) satellites, with units of electrons per square meter, where 1016 electrons/m2 = 1 TEC 
unit (TECU). It is essential that long-time records of TEC measurements are available to track more 
accurately the solar activity effects on the equatorial ionosphere. Several models (e.g. IRI (Bilitza, 
2001; Bilitza and Reinisch, 2008), SLIM (Anderson et al., 1987), GCPM-2000 (Gallagher et al., 2000), 
and NeQuick (Nava et al., 2008)) have been developed to reproduce the dominant patterns of 
ionospheric parameters. The spatial and diurnal variations of Total electron content during the 
before, during and after the greater earth quake have been studied over the 12 study places which 
are nearer to the Indian sub continent during the 2012 period, and the study area have been shown 
in figure 7.5 (the 12 event places have shown by red circle). The International Reference Ionosphere 
(IRI) is the most commonly used model. The IRI project is a joint programme of the Committee on 
Space Research (COSPAR) and the International Union of Radio Science (URSI) initiated in the late 
sixties with the aim of launching an international standard for the specification of ionospheric 
parameters based on available data from ground based as well as satellite observations. IRI is an 
empirical ionospheric model based on experimental observations of the ionospheric plasma either 
by ground or in-situ measurements.
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Fig 7.5: Map showing epicenters of the strong earthquakes during the year 2012.

IRI describes monthly averages of the electron density, electron temperature, ion composition, ion 
temperature, and ion drift in the current altitude range of 50-2000 km. The IRI model provides three 
options for the prediction of TEC, namely: IRI-2001 (Bilitza, 2001), IRI01-Corr (Bilitza, 2004) and 
NeQuick (Radicella and Leitinger, 2001). The Solar Extreme Ultraviolet Variability (EUV) and X-ray 
radiations provide the primary energy sources for producing plasma in the Earth's upper 
atmosphere. These radiations show definitive variations.

Fig 7.6: Hourly averaged diurnal variation in TEC level.

The hourly averaged diurnal variation in TEC level. All plots show general diurnal trend of TEC 
fluctuations. The TEC value increases in early morning and attains its maximum at mid-day. The 
decrement of TEC in evening times can be seen. The star represents the event time where the earth
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quake occurred, diurnal variation of TEC data of prior and after the events show the general diurnal 
trend in TEC. It has not showed any significant change in their values which resembles the shortest 
behavior of TEC anomalies produced by the events (fig 7.6).

Fig 7.7: TEC variations along the longitude profile for the events.

The TEC values are taken at the time of occurrence of earthquake. The star represents the longitude 
of the earthquake location. The rise in TEC level at the earthquake location, Analysis of Spatial 
variations in the TEC during the earthquake show the significant increase in the TEC level (~13- 
48TECU) above the epicenter area as compared to neighboring region suggesting the considerable 
LAI coupling for the maximum number of events. The TEC values are taken at the time of occurrence 
of earthquake. The star represents the latitude of the earthquake location. The rise in TEC level at 
the earthquake location can be seen Further, it has been observed that the latitude variations in TEC 
are more pronounced (~12TECU) as compared to longitude (fig 7.7 and 7.8).

Study of OLR and SST prior and after the events by considering the magnitude of raise and decrease 
in OLR and SST during the event time at epicenter (indicated by Black circle. Its variation has shown 
by the color code from Pink (minimum) to Red(maximum), Yellow(moderate raise). The Circle 
represents the earthquake location and the circle shows the earthquake preparation zone where 
radius of the circle is calculated using the formula, R= 100433M M is the magnitude of the earthquake 
(shown in Fig. 7.9 & 7.10).
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Fig 7.8: TEC variations along the latitude profile for the events

For the considerable number of events increase in OLR intensity is observed. The moderate raise of 
SST (~2-3oC), OLR (20-60Watts/m2) intensity with in the vicinity of preparation zone prior and during 
the events have been observed in the present study suggesting the possible interaction between 
lithosphere, atmosphere and ionosphere parameters.
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Fig 7.9: Outgoing Long Wave Radiation (OLR) anomalies during the earth quake regime.
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Fig 7.10: Sea Surface Temperature (SST) anomalies during the earth quake regime.

7.5 Radon Gas Monitoring for the search of Earthquake precursors in Gujarat

Monitoring of Pre-seismic Geochemical signals have drawn immense attention of researcher through 
decades due to its accomplishment as a precursor of earthquake occurrences. We have introduced a 
network of geochemical laboratories to monitor Geochemical signals continuously (mainly soil 
radon-222) from last six months in order to investigate possible earthquake precursors. We have 
already installed soil radon-222 measuring instrument RTM (German make) at Katchchh region 
(Desalpar, Vamka, Bhachau) which is considered to be seismically active. On the other hand, the 
same kind of instrumental set up has been put at the ISR, Raisan campus in order to compare the 
signal for both the seismically active and quiet region. Apart from seismic precursory research, the 
data produced from the latter assists in understanding the nature of soil radon-222 emission 
process.

Figure 7.11 depicts the schematic diagram of the experimental set up. The radon monitor is installed 
at a sub- surface depth of 1 meter surrounded by PVC pipe. The upper end of the PVC pipe is 
completely sealed in order to reduce the rain water penetration onto the probe. The gravels down 
to the pipe protect the probe from ground water. The measured radon-222 concentration profile as 
well as soil temperature and pressure are logged in a data logger kept in adjacent laboratory. The 
instrument records data at 10 minutes interval and the recorded data are transferred to ISR, Raisan 
from all field stations for further analysis.
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Figure 7.11: Experimental set up for monitoring soil gas radon-222.

Soil radon-222 data along with other meteorological parameters recorded at ISR, Gandhinagar and 
Desalpar, Kachchh are presented here. Figure 7.12 shows the soil radon data of ISR campus during 
the period October 10, 2013 to March 03, 2014. On the other hand, figure 7.13 displays the 
concentration profile of soil radon-222 recorded at Desalpar, Kachchh during November 20, 2013 to 
December 05, 2013. Apparently, both the radon data of ISR campus & Desalpar do not indicate the 
presence of any significantly irregular behavior of the concentration variation. However, some 
hidden information may be extracted applying some linear as well as nonlinear statistical tools on 
this data set.

Figure 7.12: Soil radon-222 time series recorded at ISR, Gandhinagar during the period October 10, 
2013 to March 03, 2014.
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Figure 7.13: Soil radon-222 time series recorded at Desalpar, Kachchh during November 20, 2013 to 
December 05, 2013.

In order to obtain basic idea about the randomness or chaos of the data sets, phase space plots are 
generated and presented in figure 7.14. This implies that ISR campus data seems to be more chaotic 
than the Desalpar data. Contrarily, Desalpar data exhibits more periodic or oscillatory features in 
nature than the other one.

Figure 7.14: Phase space pot of ISR, Gandhinagar data shown in Figure 2 (left panel) and Desalpar 
data shown in Figure 3(right panel).

Figure 7.15: Probability Density Function of Soil radon-222 time series recorded at ISR, Gandhinagar 
(left panel) and Desalpar, Kachchh (right panel).
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Moreover the probability density function of the ISR data (left panel of Figure 7.15) exhibits normal 
distribution. However, it shows an asymmetry in between its two end tails. But in case of Desalpar 
data (right panel of Figure 7.15), the normal distribution is very weak. Again, to study the periodicity 
of these data sets FFT periodograms are figured out in figure 7.16. The left panel represents the 
periodogram of the ISR data. It clearly indicates the presence of two sharp harmonic periodic modes 
i.e. 12 hours and 1 day. These two harmonics may be considered as semi diurnal and diurnal 
variations respectively. But in case of Desalpar data (right panel), it shows only one harmonic mode 
of 1 day period. Now in order to find out the possible source of all these harmonics same FFT 
periodograms are generated for the soil temperature and soil pressure data recorded at both the 
two sites.

Figure 7.16: FFT Periodogram of Soil radon-222 time series recorded at ISR, Gandhinagar (left panel) 
and Desalpar, Kachchh (right panel).

In figure 7.17 periodogram of the soil temperature data of ISR campus is presented in the left panel 
whereas for the soil pressure data of the same site it is shown in the right panel. Although the 
periodogram of the soil temperature data of ISR campus does not reveal any clear harmonic periods, 
the periodogram of soil pressure data of this site depicts two sharp harmonic periods of 12 hour as 
well as 1 day (figure 7.18).

Figure 7.17: FFT Periodogram of soil temperature data (left panel) and soil pressure data(right panel) 
recorded at ISR, Gandhinagar.
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Figure 7.18: FFT Periodogram of soil temperature data (left panel) and soil pressure data (right 
panel) recorded at Desalpar, Kachchh (right panel).

The presence of these two harmonic periods in case of both the soil radon-222 and soil pressure 
data of ISR campus clearly indicates the influence of earth tides on the soil radon-222 emanation 
process at ISR campus. Additionally, the same feature is evident in case of Desalpar data set. In the 
next stage, to investigate the seismic contribution in the soil radon concentration profile one may 
consider the diurnal and semi diurnal oscillations as a background variation and easily remove those 
background variations by means of some sophisticated nonlinear techniques.

7.6 Empirical Mode Decomposition based Hilbert Huang Transformation of soil radon-222 
recorded at Kachchh region

An earthquake (>4M) is followed by several forms of geophysical and geochemical changes in the 
crust that occur prior to eventual rupture. These changes, called "earthquake precursors'', are 
manifested as large deviations or "anomaly" in the parameter that is being observed (King, 1986).

Fig 7.19: Soil radon-222 time series recorded at Desalpar, Kachchh, Gujarat
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In order to find out the possible geochemical precursory signals for earthquake events, we 
monitored radioactive gas radon-222 in sub surface soil gas at Kachchh region. We have analyzed 
the recorded soil radon-222 time series by means of nonlinear techniques such as FFT power 
spectral analysis, empirical mode decomposition (EMD). A daily-quasi-periodic fluctuation (which 
may sometimes dominate the recordings) is demonstrated and a signal-adaptive periodicity removal 
process based on the EMD method is used for robust processing. The entire analytical method aided 
us to recognize the nature and pattern of soil radon-222 emanation process. Moreover the recording 
and statistical and non-linear analysis of soil radon data at Kachchh region will assist us to 
understand the preparation phase of an imminent seismic event in the region.
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Fig 7.20: The radon time series with mean (middle solid line), +2a, -2a (up and down dashed lines) 
for all the four regions as shown in fig.1
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The earth's tide (periodic or semiperiodic), meteorological parameters such as ambient humidity, 
ambient temperature, ambient pressure, rainfall and soil characteristics such as soil moisture, soil 
temperature, soil pressure, soil porosity etc. also play vital role in the radon emanation process from 
sub-soil gases (BARNET et al., 1997).

Fig 7.21: Phase space plots of the radon time series for all the four regions

The entire soil radon emanation process is a complex phenomenon. To understand the dynamics of 
radon emanation process and its relation with tectonic activities several attempts have been made 
worldwide over the last three decades (GHOSH et al., 2009; TOUTAIN and BAUBRON, 1999).

Fig 7.22: Intrinsic Mode Functions (IMF) of Regionl obtained by EMD
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Various mathematical models were also proposed by some workers (FLEISCHER R L, 1981, WALIA et 
al., 2005). However, as per our present understanding it is very difficult to explore the complex 
phenomena of seismic induced radon emanation process by means of conventional mathematical 
models and statistical analysis. Nonlinear methods such as power spectrum analysis, wavelet 
analysis, fractal analysis etc. may assist to reveal nonlinear characteristics of the under earth 
physical-chemical mechanism involved in radon emanation process (CHAUDHURI et al., 2013, DAS et 
al., 2006). In the present work, we have applied the technique of EMD based Hilbert Huang 
Transform to the soil radon time series data recoded at Desalpar Multi Parametric Geophysical 
Observatory, Gujarat, India. The essence of applying this method lies in the fact that for the first 
time soil radon-222 data set is analyzed considering its non stationary features. The entire time 
series is divided in to 4 regions based on its base line (fig 7.19). We have calculated mean, +2a and - 
2a for all the regions and shown as figure 7.20. Phase space plots of all the regions are plotted as 
figure 7.21. Here the region 1 shows concentration of all the values and for other regions it is 
scattered. Intrinsic mode functions (IMF) of region-1 obtained by EMD is shown as fig.7.22.

Fig 7.23: Time Series after removal of the periodic components

We have removed these periodic components from the original time series and the residual time 
series is shown as fig.7.23. The width of the multi fractal spectrum represents the degree of multi 
fractality present in the time series (fig 7.24). Value of amax=0.85 close to 1 indicates presence of 
weak correlation in the radon-222 time series.
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Fig 7.24: Multifractal Spectrum obtained by MFDFA
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7.6 Digital Fluxgate M agnetom eter Data analysis

Various analysis procedures have been adopted by various scientists using DFM data like Polarization 
ratio rises, Transfer functions, Induction vectors etc to look for earthquake precursors. Here we have 
employed the Polarization ratio method (Z/G - Vertical comp. /  Total Horizontal comp.) on DFM data 
to search for any earthquake precursors. The variations are caused by changes in conductivity before 
the occurrence of earthquakes due to inflow of water as per Dilatancy-diffusion theory. The 
polarization ratio method seems to be the most promising method for earthquake precursory 
studies. To avoid diurnal and other day time cultural noise, the night time (18-21UT) flux gate 
magnetometer data is used for polarization ratio analysis. The polarization ratios have been 
calculated, taking 8192 points for converting the data to frequency domain, in five frequency bands 
f1(0.001-0.005Hz), f2(0.005-0.01Hz), f3(0.01-0.05Hz), f4(0.05-0.1Hz) & f5(0.1-0.5Hz) for the period 
from 30-03-2013 to 26-09-2013. The polarization ratio variations have been correlated with the local 
Kachchh seismicity and found that they have shown some anomalous changes before few moderate 
earthquakes.

Fig 7.25:(a)Seismicity(<3M,>100Km from Desalpar) in Kachchh region;(b) Seismic 
Indices;(c)&(d)Desalpar DFM night time(18-21UT data polarization analysis in five frequency bands 
f1(0.001-0.005Hz),f2(0.005-0.01Hz),f3(0.01-0.5Hz),f4(0.5-0.1Hz),f5(0.1-0.5Hz) using Z/G&Z/H 
formulae;(e) Global Kp Sum plot :(e)Global Dst mean value plot
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During the above period of analysis, one significant event of magnitude 4.8Mw occurred at Latitude 
of 23.437E, Longitude of 70.5N in Kachchh region about 39.9Km from Desalpar (MPGO) at focal 
depth of 18.8Km for which the seismic index is also the highest as shown in figure 7.25 the largest 
rise in polarization ratios in all frequency bands can also be seen before the event. The figure 7.26 
shows the 5 day moving average polarization ratio variation plots during significant events of 2012 
and 2013.We can observe polarization ratio (Z/G) rise clearly in all frequency bands and prominently 
in f3, f4 &f5 bands 12 days before the 5.0Mw seismic event of last year 2012 and 7 days before the 
4.8Mw of this year 2013.

Fig 7.26: Five day moving average variations in five frequency bands during the period of significant 
events of last and this year:(a)Kachchh Seismicity(<3Mw,<100Km from Desalpar);fig(b),(c),(d),(e)&(f) 
are 5day moving averages of Polarization Ratios in five frequency bands f1(0.001-0.005Hz),f2(0.005- 
0.01Hz),f3(0.01-0.05Hz),f4(0.05-0.1Hz) & f5(0.1-0.5Hz):fig(g) Global Kp Sum.

We have calculated the power spectral densities; the variations in three components have shown as 
figure 7.27. The observed PSDs in lower frequencies (f1, f2 & f3) are largest in H, medium in D and 
least in Z. Also the PSD amplitudes in higher frequencies (f4&f5) are largest in H & D rather than Z. In 
all components the power spectral densities are decreasing as the frequency is increasing.
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Fig 7.27: Power spectral amplitude analysis of H, D, Z components in five frequency bands

The PSD variations of the terrestrial geomagnetic field in total horizontal (G) and Vertical (Z) 
components in five frequency bands at Desalpar along with Kachchh seismicity and Global Kp sum is 
plotted in figure 7.28. We observed the dominancy of PSD in vertical component than total 
horizontal component at some places and found correlation with Kachchh seismicity. We observed 
the clear and large polarization ratio rise in f5 band before the significant event of 4.8Mw occurred 
on 29-7-2013. We can attribute this rise to PSD rise in Vertical component (Z) and simultaneous fall 
in total horizontal component (G) as is shown in figure 7.29 in a shaded patch.
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Fig 7.28: PSD variations of total horizontal and vertical components of the geomagnetic field, 
(a)Kachchh seismicity; fig (b),(c),(d),(e),(g)&(f) shows the G & Z PSD variations in five frequency 
bands; fig(g) Global Kp Sum.

Fig 7.29:PSD variations of G and Z and polarization ratio in higher frequencies, (a) Kachchh 
seismicity; fig(b),(c) PSD variations of G and Z and their ratio rise 7 days before 4.8Mw event in f4& 
f5 bands due to rise in Z and simultaneous fall in G; fig(d) Global Kp Sum

125



7.7 Experiment on Acoustic emissions in Kachchh region

As part of collaborative work, the Russian delegation and ISR scientists implemented some 
experimental researches on acoustic emissions in Kachchh region during July 5 to 10, 2013 (fig 7.30). 
The experiment was carried out on MPGO sites of ISR. These works were dedicated to estimating a 
possibility of acoustic emission using as a forerunner of earthquake.

Fig 7.30. Russian Delegation at Desalpar MPGO site Badargadh MPGO site

Experimental works carried out with seismo-acoustic profilograph and electromagnetic wide-band 
electromagnetic antenna APOGEY. We have first started investigations at Desalpar MPGO site. 
Investigations such as the profiling with seismoacoustic profilograph, short-term monitoring of 
acoustic emissions and estimating the tensed state of fault zone with APOGEY application. 
Seismoacoustic profiling application used two piezo ceramic one-component sensors. The short
term monitoring was done at the same place where the BBS installed. The first sensor was installed 
on the column which was fixed on the depth. The second sensor (the smaller one) was installed just 
on ground near the BBS platform. The length of recording was 10 minutes. After the acoustic 
profiling and short-term monitoring implemented the seismoacoustic profilograph was added by 
third sensor and all unit was installed in chosen place (small building near the 13th point of profile). 
The notebook and ADC were established inside of small building. All sensors were set outside for 
distance equal to cable length (about 1.5 meters).The time period of monitoring is 17 hours and 26 
minutes from July 6th at 16:18 up to the July 7th at 09:44 (local time). Then the monitoring station 
was installed in Badargadh MPGO site. It was implemented without any preliminary works because 
of the whether (was raining). On Badargadh site the sensors were installed as follows: 1st and 3rd 
sensors were arranged outside. Third sensor was deepened for 10 cm, first was installed on solid 
rocks exposure. The second one was installed on column fixed on the depth. The time period of 
monitoring is 21 hours from July 7th at 12:00 up to the July 8th at 09:00 (local time).

Data processing was carried out by method of spectrum analysis of acoustic emission. For this 
purpose, three frequency's ranges: 2-18 Hz, 18-80 Hz and 80-120 Hz are chosen. The results of data 
processing are the follows:
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Fig 7.31. Acoustic profiling at 22 profiles at Desalpar

The acoustic profiles were done for 22 profiles all across observatory campus at MPGO, Desalpar and 
shown as figure 7.31. Initial record of the 1st and 2nd sensors which were installed for some 
duration at Desalpar is shown as fig 7.32 & 7.33.
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Fig.7.32 The energy of acoustic emission for sensor 1 (installed on column)

Fig 7.33. The energy of acoustic emission for sensor 2 (installed on ground)

The initial data (recorded acoustic emission), impulses of acoustic emission, energy of acoustic 
emission for defined frequency's ranges for Badargadh site data are shown as fig 7.34. To estimate 
background level of acoustic emission, the monitoring station was also installed in Gandhinagar for 2 
hours.
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Fig 7.34. The recording of first sensor which was installed on solid rocks exposure at Badargadh

This experiment has aided in choosing the place for monitoring the acoustic emissions on long term 
basis. In this survey, we have used only one component sensor, to optimize the outcome, we have to 
use three component (vector) sensors in future. For reliable interpretation of data about the 
source, we have to use the complex analysis with various data sets like gravimetric, magnetic, 
electric, electromagnetic and acoustic data.

7.8 Over Hauser Magnetic data analysis

The Over Hauser Magnetometer is in operation at Desalpar and the data is being collected at 1 
sample per second. Fig 7.35 shows the raw data plot of total terrestrial geomagnetic field (F) 
variations for the period from 1-1-2013 to 10-4-2013 after removing bad data points. The diurnal 
variations caused by ionosphere currents can also be observed. The noise like large spikes in the 
above total field curve may be due to electrical and other day time cultural noise. Large fluctuations 
in the total geomagnetic field (F) curve can be seen during magnetic storms.
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Fig 7.35: Raw data plot of the total geomagnetic field (F) variations at Desalpar

Night time (18-21UT) data variations: In order to avoid day time noise and other cultural noise we 
have plotted the night time (18-21UT) data in the fig 7.36. In the night time total geomagnetic field 
(F) variation plot also large fluctuations can be seen during magnetic storms (indicated by large 
global Kp sum rise).

Fig 7.36: 18-21UT raw data of total field (F) variations; Panel (a) Kachchh seismicity, (b) 18-21UT total 
geomagnetic field (F) variations in nT at Desalpar, panel (c) Global Kp sum

PSD analysis: The night time (18-21UT) data has been used for the PSD analysis. The power spectral 
densities (PSD) have been calculated in five frequency bands f1(0.001-0.005Hz), f2(0.005-0.01Hz), 
f3(0.01-0.05Hz), f4(0.05-0.1Hz)and f5(0.1-0.5Hz)using mat lab programme and taking 8192 points. 
Before a significant event of 4.4Mw occurred on 30-3-2013 in Kachchh a rise in all frequency bands 
can be observed caused by ULF emissions released during earthquakes due to piezoelectric and 
electro kinetic effects (fig.7.37).
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Fig 7.37: Panel(a)Kachchh seismicity, Panel (b)night time (18-21UT) average values total field(F) 
variations, panels(c),(d),(e),(f)&(g) the PSD variations in five frequency bandsf1(0.001- 
0.005Hz),f2(0.005-0.01Hz),f3(0.01-0.05Hz),f4(0.05-0.1Hz)and f5(0.1-0.5Hz),panel(h) Global Kp sum.

7.9 Study of Ground Water level variations at Desalpar using MedofiN-11 sensor: To study the 
ground water level fluctuations Med fill -II immersed data logger with integrated sensor of 
temperature and pressure has been installed at MPGO, Desalpar in a borehole. The data is collected 
at the rate of one sample per one/two min. The collected raw data has been plotted from 15-8-2014 
to 19-12-2013 in the fig9. The depth of water level is about 17.5 at Desalpar. The daily variations 
caused by the gravitational pull of moon position can be seen in the below fig9. The seasonal 
variations like sudden rise of about half a meter in the end of September may be due to rains can 
also be seen. The seismic events of magnitude >3M and whose epicentral distances are within 
100Km have been plotted to study the precursory phenomenon. We can observe water level rises 
before some large events(21-8-13,3.6Mw;11-9-2013,3.1Mw;25-9-2013,3.6Mw;1-10-2013,3.1Mw;6- 
10-2013,3.1Mw;21-10-2013, 3.4Mw; 11-12-2013,3.1Mw;12-12-2013,3.3Mw)as indicated by black 
patches in the fig 7.38.
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Fig 7.38: Water level variations at Desalpar along with Kachhh seismicity

7.10 Lithosphere-Atmosphere-Ionosphere coupling during the strong earthquakes through TEC, 
OLR and SST Measurements- A case study

(Pavan Kumar, G., Prasanna Simha, Manglik, A. (o f NGRI, Hyd.) andRastogi, B .K .

In the present study, we have analyzed the temporal and spatial variations of Total Electron 
Content (TEC), Outgoing Long-wave Radiation (OLR) and Sea Surface Temperature (SST) 
for the earthquakes (Mw > 6.0) that occurred during 2012 around the Indian subcontinent to 
examine the possibility of Lithosphere-Atmosphere-Ionosphere coupling during the events. 
The TEC data have been archived by International Reference Ionosphere (IRI-2012) Model 
of NASA from virtual ionosphere thermosphere mesosphere observatory (VITMO). The 
OLR and SST data have been obtained by NOAA satellite data. Analysis of spatial variations 
in the TEC during earthquakes show the significant increase in the TEC level (~13-48TECU) 
above the epicentral area compared to the neighboring regions suggesting considerable LAI 
coupling for many events. Further, it has been observed that the latitude variations in TEC are 
more pronounced (~12TECU) compared to the longitudinal variations. Analysis of hourly 
TEC data during pre- and post-events shows a general diurnal trend in the TEC. The hourly 
variations in the TEC have not shown any significant changes in their values. The moderate 
rise in SST (~2-3oC) and OLR (20-60Watts/m2) intensity within the preparation zone prior 
and during the events have been observed in the present study suggesting a possible 
interaction between lithosphere and atmosphere and ionosphere parameters.
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Study of precursory signals associated with earthquakes is an important topic of research in Earth 
Sciences and several attempts have been made to understand the characteristics of various allied 
physical parameters. According to Lithosphere-Atmosphere-Ionosphere (LAI) coupling theory, it 
has been recognized that there could be a possible link between Ionospheric and atmospheric 
observations and lithospheric perturbations which produce anomalies, in particular (Total 
Electron Content (SST), Outgoing long radiations (OLR), Atmosphere temperature, Sea Surface 
Temperature (SST) etc.) parameters during an earthquake (Liu et al. 2000).

The GPS satellites are orbiting the Earth, at altitudes of about 20,200 km, transmit signals that 
propagate through the ionosphere that exists at about 60 -1500 km above the Earth’s surface. The 
signals from the GPS satellites travel through the ionosphere on their way to receivers on the 
Earth’s surface (Figure 7.39). The TEC is defined as the total number of electrons integrated 
along the path from the receiver to each GPS TEC is measured in units of 1016 electrons meter 
per square area, where 1016electrons/m2 = 1 TEC unit (TECU) It ranges from 1016 - 1019 with 
minima and maxima occurring at midnight and mid afternoon.

High Total 
Electron C ount 
^  (TEC)

Ionosphere

Added 
Transmission 

Delay * Mesosphere

Stratosphere

Figure 7.39: Schematic diagram showing mechanism for TEC  measurements

The free electrons populating in the ionosphere affect the propagation of the signals, 
changing their velocity and direction of travel. Ionospheric delay caused by electrons 
contained in the ionosphere is frequency dependent. The dual frequency feature of the GPS 
signal is usually used to calculate the TEC. The expression for the TEC estimate is given by 
(Abdullah, 2009)

PI and P2 are the path differences (delay) corresponding to high GPS frequency f ) and low GPS 
frequency f2) respectively.
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(i) Outgoing Long-wave Radiation (OLR) is the energy leaving the earth as infrared 
radiation at low energy. It is a critical component of the Earth’s radiation budget and 
represents the total radiation going to space emitted by the atmosphere.

(ii) Sea surface temperature (SST) is the water temperature close to the ocean's surface. The 
exact meaning of surface varies according to the measurement method used, but it is 
between 1 millimeter (0.04 in) and 20 meters (70 ft) below the sea surface.

We have analyzed the temporal and spatial variations of Total Electron Content (TEC), Outgoing 
Long-wave Radiation (OLR) and Sea Surface Temperature (SST) for the earthquakes (Mw > 6.0) 
occurred during 2012 around the Indian subcontinent to examine the possibility of LAI coupling 
during the events (Figure 7.40). The TEC data have been archived by International Reference 
Ionosphere (IRI-2012) Model of NASA from virtual ionosphere thermosphere mesosphere 
observatory (VITMO) (http://omniweb.gsfc.nasa.gov/vitmo/iri2012 vitmo.html). The OLR and SST 
data have been obtained by NOAA satellite data (http://www.esrl.noaa.gov/psd). We have analyzed 
the temporal and spatial variations of TEC, OLR and SST for the earthquakes (Mw > 6.0) that 
occurred during 2012 around the Indian subcontinent.
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Fig. 7. 40: Map showing epicenters of the strong earthquakes during the year 2012 considered for 
present study (red circles). The earthquakes details are listed in table 7.1
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T a b l e  7 . 1 : Details of the Earthquakes considered for the present analysis http://earthquake. usgs. gov/ 
earthquakes)

E v e n t  N r . D A T E

T I M E L A T L O N G D e p t h
M a g .

( M w )
(UTC) (deg. N) (deg.E) (km)

1 20/03/2012 17:56:19 03.8°S 140.3°E 64 6.2
2 11/4/2012 8:38:35 2.3°N 93.0°E 10 8.5
3 15/04/2012 5:57:38 02.5°N 90.2°E 16 6.3
4 20/04/2012 23:14:34 02.2°N 93.4°E 33 6.1
5 12/5/2012 23:28:41 38.5°N 70.0°E 10 6
6 12/7/2012 14:00:32 36.5°N 70.9°E 170 6.3
7 25/07/2012 0:27:48 02.7°N 96.1°E 45 6.4
8 29/07/2012 2:21:12 23.0°N 94.2°E 70 6
9 19/08/2012 22:41:49 04.8°S 144.6°E 70 6.2
10 8/9/2012 10:51:44 03.2°S 135.0°E 20 6
11 14/09/2012 4:51:50 03.1°S 100.8°E 42 6.2
12 11/11/2012 1:12:36 23.0°N 95.9°E 10 6.7

V a r i a t i o n s  i n  T E C :  The TEC variations along a longitudinal and latitude profile crossing the location 
of the earthquake at the time of earthquake occurrence have been plotted (Figure 7.41).

F i g u r e  7 . 4 1 : Spatial variations in the TEC during earthquakes show the significant increase in the 
TEC level (~13-48TECU) above the epicentral area compared to the neighboring regions 
suggesting considerable LAI coupling for many events

V a r i a t i o n s  i n  i n t e n s i t y  o f  O L R  p r i o r  a n d  a f t e r  t h e  e v e n t s

Differences in OLR intensity between the day of earthquake occurrence and previous day are also 
studied to understand the possible increase in the intensity due to the LIO interactions. Variations in 
intensity of OLR prior and after the events for some of the earthquakes are shown in figure 7.42.
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F i g .  7 . 4 2 :  Differences in OLR intensity (in watts/m2) on the day of earthquake and pervious day 

1 . 2  S e a  S u r f a c e  t e m p e r a t u r e

The Sea Surface Temperature variation is also analyzed in the same way. These variations are 
displayed in figs. 7.43 for some of the earthquakes as listed in table 7.1
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Difference in SST : Ju . 24 - 25. 2012

Fig. 7.43: Differences in SST (in oc) on the day of the earthquake and pervious day.

Analysis of spatial variations in the TEC during earthquakes show significant increase in the 
TEC level (~13-48TECU) above the epicentral area compared to the neighboring regions suggesting 
considerable LAI coupling for many events. Further, it has been observed that the latitude variations 
in TEC are more pronounced (~12TECU) compared to the longitudinal variations (Figure 7.43). The 
significant rise in OLR (20-60Watts/m2) within the preparation zone prior and during the events have 
been observed in the present study suggesting a possible interaction between lithosphere, atmosphere 
and ionosphere parameters. However the variation in SST does not show significant and consistent 
anomalies during the considered events. In some of the cases we even observed decrease in SST 
(Figure. 5c). Sea surface temperature drastically depends on climatic conditions, monsoons etc. in 
addition, the focal depth of the earthquakes has also plays important role in the variations in SST 
during events. Hence, the long-period monitoring of TEC and OLR parameters could help to resolve 
the issue.
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CHAPTER 8

PROJECTS OF SOCIETAL IMPORTANCE A N D  ADVICE TO IM PORTANT  
DEVELOPM ENT ACTIVITIES

8.1. White Paper prepared on “Assam Institute of Seismological Research” for Assam 
Disaster Management Authority.

8.2. GEOPHYSICAL, SEISM OLOGICAL AND GEOLOGICAL FACTORS IF  ANY 
FO R  COLLAPSE OF BUILDINGS IN MADHAVNAGAR (IN ATLADARA AREA) 
OF SOUTHW ESTERN VADODARA

8.2.1 Study of seismological and geological factors if any of building collapse in 
V adodara on 28th August 2013.

Team members: Dr. A. P. Singh, Dr. G.C. Kothyari and Dr. S. P. Prizomwala

Some 2 buildings of three storeys each built by Vadodara Urban Development Authority 
(VUDA) for weaker sections at Madhavnagar in SW part of Vadodara collapsed on 28 
August 2013. These buildings are situated near to each other. The team of ISR visited the site 
of building collapse on 28th August 2013 and conducted a visual survey which highlighted 
the following points:

• There was no seismic activity in last 48-hours in the area.

• Geologically the site was situated on alluvial plains of Vishwamitri River and had 
dominant soil type of sandy-silt.

• The possibility of liquefaction was ruled out as it happens only due to earthquake

• Excess of rains would have caused building to collapse. However this was ruled out 
as no visible signatures of subsidence were observed and such phenomena had not 
been reported by the locals.

• It was concluded that collapse of the buildings was due to not following the standard 
construction practice.

A “Report on building collapse in Madhavnagar in SW part of Vadodara on 28th August 
2013” was submitted to the concerned authorities.

8.2.2 Gravity and Resistivity Profiles around the Area of Collapsed Buildings at Madhavnagar
(Atladara) in Vadodara

Detailed gravity observations at 50M station interval (total 62 observations) were taken at small 
profiles (at 1. Polo ground 2.GERI ground 3. Golf ground 4.Navlakhi Garba Ground) to decipher 
trend of basement in the area. Six no. resistivity VES surveys were also carried out in Vadodara area 
to decipher nature of near surface layers (Fig. 8.1).
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Gravity profiles are shown in Fig. 8.2. The gravity values indicate 2-2.5 mgal decrease from Navlakhi 
to ONGC indicating southeastward dip of the basement.
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Fig.8.1: Locations of VES (Vertical Electrical Sounding) and gravity profiles near 
collapsed buildings in Madhavnagar of Atladara area in Vadodara.
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Fig. 8.2: Bouguer gravity anomaly profiles in Baroda for lengths of 150 to 900 m lengths. Station 
interval is 50m w.r.t. to the temporary base made at SSNL Narmada guesthouse at 10-20km 
distance. Basement is inferred to be dipping slightly towards SW.
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Resistivity sounding at GERI ground indicates a low resistivity bed from 2 to 7m depth which may be 
water bearing (bottom curve in Fig. 8.3). The soundings at other locations indicate decreasing 
resistivity to 30 -  50m depth
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Fig. 8.3: VES Resistivity profiles in Vadodara. Current electrode separation up to 100 -  150m length 
in Schlumberger array
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CHAPTER 9

NATIONAL AND INTERNATIONAL SCIENTIFIC COLLABORATION

9.1. INDO-ITALIAN PR O JEC T: “Ne o -d et e r m in ist ic  d efin it io n  of ear th q u a k e
HAZARD SCENARIOS: A MULTISCALE APPLICATION TO INDIA”

12 1 3 12 12 12(A. Peresan ’ , A. Magrin , I.A. Parvez , F. Vaccari ’ , D. Bisignano ’ ,F. Romanelli ’ ,S.
Cozzinf, B.K. Rastogf, G.F. Panza1'2'6)

1 Department of Mathematics and Geosciences, University of Trieste, Italy. E-mail: 
aperesan@units.it

2 The Abdus Salam International Centre for Theoretical Physics, ICTP SAND Group. Trieste 
- Italy

3 CSIR Centre for Mathematical Modelling and Computer Simulation (C-MMACS), NAL 
Belur Campus, Bangalore, India

4Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali, CNR/IOM uos 
Democritos. Trieste - Italy.

5Institute of Seismological Research, Raisan, Gandhinagar, Gujarat, India 

6 Institute of Geophysics, China Earthquake Administration, Beijing.

The development of effective mitigation strategies requires scientifically consistent 
estimates of seismic ground motion; recent analysis, however, showed that the performances 
of the classical probabilistic approach to seismic hazard assessment (PSHA) are very 
unsatisfactory in anticipating ground shaking from future large earthquakes. Moreover, due to 
their basic heuristic limitations, the standard PSHA estimates are by far unsuitable when 
dealing with the protection of critical structures (e.g. nuclear power plants) and cultural 
heritage, where it is necessary to consider extremely long time intervals. Nonetheless, the 
persistence in resorting to PSHA is often explained by the need to deal with uncertainties 
related with ground shaking and earthquakes recurrence.

We show that current computational resources and physical knowledge of the seismic 
waves generation and propagation processes, along with the improving quantity and quality 
of geophysical data, allow nowadays for viable numerical and analytical alternatives to the 
use of PSHA. The advanced approach considered in this study, namely the NDSHA (neo
deterministic seismic hazard assessment), is based on the physically sound definition of a 
wide set of credible scenario events and accounts for uncertainties and earthquakes 
recurrence in a substantially different way. The expected ground shaking due to a wide set of 
potential earthquakes is defined by means of full waveforms modelling, based on the 
possibility to efficiently compute synthetic seismograms in complex laterally heterogeneous 
anelastic media. In this way a set of scenarios of ground motion can be defined, either at
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national and local scale, the latter considering the 2D and 3D heterogeneities of the medium 
travelled by the seismic waves.

The efficiency of the NDSHA computational codes allows for the fast generation of 
hazard maps at the regional scale even on a modern laptop computer. At the scenario scale, 
quick parametric studies can be easily performed to understand the influence of the model 
characteristics on the computed ground shaking scenarios. For massive parametric tests, or 
for the repeated generation of large scale hazard maps, the methodology can take advantage 
of more advanced computational platforms, ranging from GRID computing infrastructures to 
HPC dedicated clusters up to Cloud computing. In such a way, scientists can deal efficiently 
with the variety and complexity of the potential earthquake sources, and perform parametric 
studies to characterize the related uncertainties. NDSHA provides realistic time series of 
expected ground motion readily applicable for seismic engineering analysis and other 
mitigation actions. The methodology has been successfully applied to strategic buildings, 
lifelines and cultural heritage sites, and for the purpose of seismic microzoning in several 
urban areas worldwide. A web application is currently being developed that facilitates the 
access to the NDSHA methodology and the related outputs by end-users who are interested in 
reliable territorial planning and in the design and construction of buildings and infrastructures 
in seismic areas.

We illustrate the preliminary results obtained from a multiscale application of 
NDSHA approach to the territory of India, zooming from large scale hazard maps of ground 
shaking at bedrock, to the definition of local scale earthquake scenarios for selected sites in 
the Gujarat state (NW India). The study aims to provide the community (e.g. authorities and 
engineers) with advanced information for earthquake risk mitigation, which is particularly 
relevant to Gujarat in view of the rapid development and urbanization of the region.

9.2. “Probabilistic Analysis of Seismic Losses for U rban Areas and Lifeline Networks 
In  Kachchh (G ujarat), India” Participants from  ISR:-Dr. B.K. Rastogi, Dr. Kapil Mohan, 
Sci-C and Peush Chaudhary, JRF. Participants from  Germany: Prof. Friedemann Wenzel, Dr. 
Vladimir Sokolov, Mr. James Daniell.

Studies were started for the project at the time of visit of Prof. Friedemann Wenzel in 
February 2014.

9.3. Seismicity Study for Subansiri Lower Project of NHPC in Assam: Seismic Data 
Analysis was done for the year 2010.

9.4. Review of “Guw ahati Seismic M icrozonation R eport” : Guwahati Seismic 
Microzonation Report prepared by MoES for Assam Disaster Management Authority was 
reviewed.
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9.5. Seismic H azard Assessment of the Industrial sites in Kachchh, a BRNS project 
between BARC and ISR

Report modifications were undertaken.

9.6. “E arthquake prediction research in Kachchh using electromagnetic emissions and 
ultra-sound signals-A pilot project”, Dr. Vasily K. Palamarchuk (Hon. Prof. Harbin 
Engineering University, 1, Angliysky Prospect, 190121, St. Petersberg, Russia), The All- 
Russia Scientific Research Institute for Geology and Mineral Resources of the Oceany, Head 
of Multilevel Geophysical Monitoring Laboratory along with his team members Mrs. 
Glinskaya Nadeza (interpreter) and Mr. Petrov vadim, Electronics Engineer, July 5-11, 2013

9.7. Ms. Uma Ghosh, Asoc. Prof., Kolkata, Seismic Tomography work with Dr. A.P. Singh, 
Sep 23 -  30, 2013

9.8. Mr. Javid AhmadDar, JRF, Indian School of Mines, Active fault studies and work in 
OSL lab and geotechnical lab, Sep 18 -O ct 16, 2013

9.9. Time Domain Electromagnetic investigations in Jaisalmer 
basin, Rajasthan, India

ISR team: G. Pavankumar, Viren dar Kumar, B.K.Rastogi, K apil Mohan and CSIR- 
NGRI Team-'Dr. Shakeel Ahmed, Dr. S.K. Verma and Dr. Subhash Chandra

ISR carried out Time Domain Electro Magnetic (TEM/TDEM) surveys in the Ramgarh area, 
Dist. Jaisalmer, Rajasthan to ascertain potable water bearing structures below the saline layer 
that occupies most of the NGRI survey area by the helicopter borne TEM (SkyTEM) results. 
The other purpose was to identify paleo-Channels of ancient Saraswathi River. NGRI does 
not have this equipment. Work was carried out during 23-31 March 2014.

Fixed in-loop TEM soundings at 32 locations were carried out with 100m sided 
transmitter loop to map the conducive and/or resistive zones in the subsurface during March 
22-29, 2014 (Figure 9.9.1). Majority of these sites form four parallel profiles that lie across 
the NW-SE trending Ramgarh fault. The in-loop configuration in used in the present study as 
it is well suited for layered environment.
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Fig. 9.9.1 : Location of the TEM sounding sites (marked with red stars) superimposed in generalized geological 
map of the NW India (After Misra et al. 1993)

Secondary magnetic fields produced by induced eddy currants in the medium have been 
measured at each TEM sounding site. The data acquisition system comprises, Zonge made 
Geophysical Data processer (GDP-32), induction coil, transmitter and transmitter controller. 
The amount of current injected in the transmitter loop is 9.5Amp for all the TEM sites. At 
every site transmitter is operated for a sequence of data repetition frequencies ranging from 
32 Hz to 1Hz for 512 and 256 cycles and the transient response is recorded using the 
induction coil. At most of the sites, transient response at late times up to 50-100ms are also 
obtained that can provide deeper information (300-400m) of the sounding site. Processing of 
these data sets is in progress.

9.10. ARCH EOSEISM OLOGICAL SURVEYS IN KUTCH AND WADNAGAR

(i) G e o - A r c h a e o l o g i c a l  I n v e s t i g a t i o n  o f  K o t d a w a d l i  A r e a  U s i n g  G r o u n d  P e n e t r a t i n g  R a d a r  

( G P R )  i n  M a i n l a n d  A r e a  o f  K a c h c h h ,  W e s t e r n  I n d i a

Girish Ch Kothyari, Rakesh K  Dumka, Siddharth Dimri jointly with Y.S. Rawat, State 
Archeological Department, Govt. o f  Gujarat.

The archaeological site at Kotdawadli is located in mainland area of Kachchh which comprises 
presence of sandstone and shale of Mesozoic which is overlain by thin Quaternary cover. The area of 
present investigation is located north of Bhuj, near the vicinity of the Kachchh Mainland Fault 
(KMF), is traversed by several en echelon small longitudinal faults. This study involved geological 
and geophysical investigation of the area using Ground Penetrating Radar (GPR), Proton Precision 
Magnetometer (PPM), Real Time Kinematic (RTK) geodetic surveys with detail field analysis. The 
geomorphic and tectonic features in the field are generally hidden due to thick forest cover and
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anthropogenic modifications of the landscape so the features were interpreted based on satellite 
imagery and Digital Elevation Models (DTMs) together with geophysical survey.
In satellite data investigation, we used Google, CORONA, ASTER satellite data to delineate the 
morphological features. To achieve more realistic picture we carried out RTK survey of the area and 
prepare a DEM jointly (Fig 9.10.1a). Real Time Kinematic (RTK) geodetic survey at 20m grid 
interval has been carried out and more than 1200 points were generated. The raw data have been 
processed using SPIDER geodetic software. A surface DEM has been generated with the help of 
Surfer software. Two major E-W trending faults are clearly visible in DEM. Sudden changes in river 
gradient in the form of water fall (1.5m and 10m) have been observed near to fault zone.

Archaeological site was thoroughly examined with the help of GPR survey which was conducted 
using 200 MHz antenna and raw data has been processed in RADAN software. The GPR survey 
shows the continuity of the boundary walls throughout the archaeological site at same horizontal level 
represented by homogeneous week reflector pattern. The diagonal profile passing through the central 
part of site shows strong reflector pattern. The marginal part of the same profile shows week reflector 
pattern. The strong reflector pattern indicates position of undisturbed wall, whereas the week reflector 
shows refilling or disturbed ground condition (Fig 9.10.1b).

The magnetic survey was done by Proton Precision Magnetometer (PPM) at an interval of 5m grid 
interval and is plotted against the position of the data acquisition point (the GPS data’s unit is UTM) 
to get the contour map. The contour map clearly shows the high intensity contours of total magnetic 
field; oriented/aligned in a particular direction which is predicted to be Boundary wall. The boundary 
wall condition was validated and physically verified during field investigation. Several high peaks of 
magnetic intensity with 1000-4000 gammas difference have been observed. These high peaks reflect 
position of buried walls. The low magnetic intensity represents very subtle anomalies caused by 
disturbed soils or stoned foundation within the site. During our investigation we found a sharp high 
and low magnetic boundary has been observed in E-W direction in the central part of archaeological 
site. Sharp contact represents possibility of organic rich sediments derived from elevated regions 
through palaeo river channel. The gate is interpreted on the basis of the large difference in magnetic 
intensity between two magnetic mounts in south-eastern corner of the site (Fig. 9.10.2).
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F i g u r e  1 :  ( a )  D i g i t a l  e l e v a t i o n  m o d e l  ( D E M )  p r e p a r e d  j o i n t l y  u s i n g  s a t e l l i t e  a n d  R T K  d a t a  

i n d i c a t e s  t h e  m o r p h o l o g i c a l  c h a n g e s .  ( b )  T h e  G P R  ( f r i n g e  p l o t )  o f  t h e  a r c h a e o l o g i c a l  s i t e .

4 0 6 0 0
4 0 4 0 0
4 0 2 0 0
4 0 0 0 0
39 8 0 0
39 6 0 0
39 4 0 0
39 2 0 0
39 0 0 0
38 8 0 0
38 6 0 0
38 4 0 0
38 2 0 0
38 0 0 0
37 8 0 0
37 6 0 0
37 4 0 0
37 2 0 0
37 0 0 0
36 8 0 0
36 6 0 0

F i g u r e  2 :  -  M a g n e t i c  a n o m a l y  m a p  o f  t h e  s t u d y  a r e a  s h o w n  t h r o u g h  c o l o u r  a n d  c o n t o u r

v a r i a t i o n

(ii) Topographic Survey of Vadnagar Archaeological Site in Western India

Rakesh K Dumka, B. K. Rastogi, Girish Ch Kothyari, Mr. Siddharth Dimri and Sandip Prajapati

With an objective to generate 3D topographical and road network map of the Vadnagar mound an 
investigation of Vadnagar archaeological site has been done collaboratively by Institute of 
Seismological Research and state Archeological department. Vadnagar archeological site, falling 
within Mahesana district of Gujarat state, is situated on a very large mound. This mound is created 
by a number of layers of buildings built and destroyed in earlier periods. Present city is situated on 
the bank of river Kapila, which is flowing from the Aravalis. The area is located approximately 73 km 
N of Gandhinagar and 35 km NE of Mahesana town. A team scientist from Institute of Seismological 
Research has visited the area for detail survey during 15th to 28th July 2013. The area of site has been 
mapped using background map of State Archaeological Department. Survey was carried out by using 
Real Time Kinematic (RTK) and Total station geodetic surveys. It uses Global Navigation Satellite 
System (GNSS) signals, which are globally known for precise measurements. Generally such kind of 
survey has been carried out in gridding method but in the present case it was not possible as 
maximum part of the mound is covered by the present day settlement. To overcome this problem 
we have adopted a different technique, in which we mapped all the roads and streets of the city.

In RTK survey we have established one base station and then with reference to the base one 
rover was used to carry out the survey. For the real time corrections of the baseline radio modem 
was used. Narrow streets, where GNSS signals were not reached, were mapped using total stations. 
Using both the instruments covering all the roads and streets more than 5400 points were
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generated. Collected raw data were processed using Geo-office 6.0 software and a Digital Elevation 
Model (DEM) map along with present day road network has been generated with the help of surfer 
10 software (Fig 1&2). The generated DEM with RTK and Total station of archaeological site shows 
elevation variation of 33.7 m between mound and surrounding areas. Our model also reveals that 
existing mound covers an area of about 1.12 sq km. To check the precision of our model we have 
developed a topographic map using ASTER image and correlated it with RTK generated map, which 
indicates that reflection of mound is clear in RTK generated map. The DEM data of our results shows 
that the existing mound covers an area of 1.12 sq km. Total road kilometer mapped is ~17km. the 
elevation in the Vadnagar site area ranging from 104 m to 137m.
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Figure 1: RTK driven road map of Vadnagar archaeological site
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Figure 2: RTK and Total station driven DEM of Vadnagar area along with road network

9.11. Simulation of 1945 M akran Tsunam i in the A rabian Sea using Nami-Dance 
num erical modelling and Tsunam i Risk: 3D Visualizations for O kha Coast, G u jara t

A.P. Singh with Vijendra M. Patel (Civil Engineering Department, K.D. Polytechnic, Patan 
-  384265, Gujarat) and M  B. Dholakia (Principal, L. D. College o f  Engineering,
Ahmedabad)

The Makran coast is extremely vulnerable to tsunamis and earthquakes due to the presence of 
three very active tectonic plates namely, the Arabian, Eurasian and Indian plates. On 
November 28, 1945 at 21:56 UTC (03:26 IST), a massive Makran earthquake (M8.0) 
generated a destructive tsunami that propagated across the Northern Arabian Sea and the 
Indian Ocean. The 1945 generated earthquake was responsible for the loss of life and great 
destruction along the coasts of Pakistan, Iran, India and Oman. Modelling of tsunami stages 
(generation, propagation and amplitude) has been made for the western coasts of India using 
NAMI-DANCE computer code (Fig. 9.11.1). The fault parameters of the earthquakes for the 
generation of tsunami are: epicentre (25.15°N, 63.48°E), fault area (200km length and 100km 
width), angle of strike, dip and slip (246°, 7° and 90°), focal-depth (15 km) (Byrne et al., 
1992). The bathymetry data is taken from GEBCO (30 arc-second) and land topography data 
was collected using SRTM data. The present simulation is carried out for duration of 360 
min. It is observed from the results- that the amplitude of tsunami near the MSZ is about 5-
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6m, Porbandar 1.2m and Okha 0.6m. In Gulf of Kutch tsunami reaches in 3hours and 
30minutes with 1.0m run up. At Porbandar, positive tsunami waves arrive within 
approximately 2hours and 40minutes and to Okha after 3hours 10minutes. The simulated 
arrival time of tsunami waves along the coasts of Pakistan, Iran and Oman is also in good 
agreement with the available data sources (Jaiswal et al., 2009; Pendse, 1948). The results 
obtained in this study are converted to be compatible with the GIS-based applications for 
display and spatial analysis of modelling results. Furthermore, the Okha coast of Gujarat is 
selected for 3D visualizations of tsunami risk for visualization, interpretation and accurate 
assessment of disaster risk. The generation of the 3D tsunami risk model and tsunami risk 
zone maps in the GIS/CAD environment is presented. We expect that the results presented 
here will be supportive to the tsunami emergency response system and useful in planning the 
protection measures due to tsunami.

Fig. 9.11.1: Visualization of 3D tsunami risk model of Okha with different viewing angles (a, 
b, c). Existing structures near the Okha coast are also shown.

9.12 GPS & GAGAN/IRNSS data analysis for In tra-P late  Geodynamic Profiling in 
Active Seismic Zones, collaborative project between NRSC-SAC (ISRO)-ISR.
Rakesh K Dumka (ISR); Vinod Kumar (NRSC-Hyderabad); A.S. Rajawat and K.M. Sreejith 
(SAC-ISRO-Ahmedabad)
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In this project two permanent and two campaign sites were selected in Kachchh area after a 
combined field visit of Kachchh area between 12 - 15th March 2014 (Team: R.K. Dumka, 
K.M. Sreejith, John Mathew and Rajesh Kumar). For both the permanent sites possession of 
land from concern authority has been completed. Further, ISR is also planning to install 3 
permanent and 11 campaign mode sites between Lodai and Dudhai along Kachchh Mainland 
fault and in Anjar-Gandhidham area where large deformation is detected from InSAR (Fig. 
9.12.1).
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87. Antonella Peresan, A. Magrin, I.A. Parvez, F. Vaccari, D. Bisignano,F. Romanelli,S. 
Cozzini, B.K. Rastogi, G.F. Panza (2013) Neo-deterministic definition of earthquake hazard 
scenarios: a multiscale application to India, session: NH4.1, identification number EGU2014- 
13840.

“B rainstorm ing w orkshop on Geotechnical Engineering, Sponsored by DST, New Delhi, 
IIT , M um bai, 26.3. 2014

88 . Kapil Mohan and Vasu Pancholi -Geotechnical investigations for Seismic Microzonation 

1-day W orkshop on “Engineering Seismology”, ISR, 29.3.2014

89.Santosh Kumar - Seismology and Seismicity Monitoring

90.B.K. Rastogi - Seismic hazard analysis and seismic microzonation
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91.Vasu Pancholi -Geotechnical Characterization of soil

92. Vandana Patel “Measuring Vs-30 for Different Sites of Gujarat using Multichannel 
Analysis of Surface Waves (MASW) & PS Logging Suspension Methods”

93. G.C. Kothyari “Ground Penetrating Radar surveys for shallow sub-surface 
characterization”

94. A.P. Singh “Microtremor surveys for depths and velocities of deep sub-surface layers”

10.4 SEMINARS ATTENDED W ITHOUT PRESENTATIONS

1. Some ISR scientists attended IGU Workshop on 11-12 June, 2013 at Wadia Inst.
Himalayan Geol., Dehradun

2. B.K. Rastogi attended National Seminar on “NextGen Universities: Roadmap for Higher 
Education in India” organized by Nirma University on April 17, 2013.

3. Vasu Pancholi, Sarda Maibam, Vinay Kumar Dwivedi, Darshit Modi, Conferences on 
Advances in Geotechnical Engineering (AGE 2013) at Surat, Date: 8th -9th June 2013.

4. Dr. Kapil Mohan, Dr. Sairam and Dr. A.P. Singh attended five days Workshop on 
Mainstreaming Disaster and Climate Risk Management (DRM/CRM) into Development 
Processes jointly organized by Gujarat Institute of Disaster Management (GIDM) and Asian 
Disaster Preparedness Center (ADPC), Bangkok, Thailand, from 1-5 July 2013 at GIDM 
Campus, Gandhinagar.

5. Dr. Pallabee Choudhury, Dr. Kapil Mohan, Dr. Sairam and Dr. A.P. Singh attended five 
days Workshop on “earthquake vulnerability Reduction” jointly organised by Gujarat 
Institute of Disaster Management (GIDM) and Asian Disaster Preparedness Center (ADPC), 
Bangkok, Thailand, 29 July to 2 Aug 2013 at GIDM Campus, Gandhinagar.

6. Ms. Vandana Patel participated in ‘The Science of living’ conducted by Academy of 
Human Excellence during 7 to 11 Oct. 2013 at Baroda under the scheme of “National 
Programme for Training of Women Scientists & Technologists working in the Government 
Sector” .

7. Seminar on Geomorphology, MSU, Baroda, 20-22, Nov, 2013

Attended: Drasti Gandhi, Sidharth Prizomwala, Tarun Solanki and Dipika Ahirrao

8 . In ternational Conference on Geospatial M omentum for Society and Environm ent, 
CEPT Univ., 18.12.2013

Persons who attended: B.K. Rastogi, Vasu Pancholi, Dhaval Patel, Jayshree Solanki, Deepika 
Ahirrao
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9. W orkshop-cum -Training Program  on Active Tectonics, MS Univ., 21-22 Dec. 2013

Persons who Attended: B.K. Rastogi, Girish Kothyari, Pavan Gayatri, Sidharth Prizomwala, 
Tarun Solanki

10. Komal, Monica and Parul, Geophysicists attended Workshop on”Acqifer Mapping and 
Management”, Organised by Central Ground Water Board at Ahmedabad Management 
Association, March 7, 2014.

10.5 KEYNOTE / CH IEF GUEST ADDRESS & INVITED LECTURES

1. BK Rastogi (2013) “Seismic microzonation and earthquake hazard estimation for 
important structures”, “Technical W orkshop for Faculty and Academ ia” at SAL Inst. of 
Tech. & Engg. Research, A hm edabad on 22.2.2013

2. BK Rastogi (11th and 12th March 2013) addressed on Topics “Seismic Hazard” and 
“Engineering Seismology” at NHPC North East Geologists’ conclave Subansiri Lower He 
Project.

BK Rastogi “Seismology- A short overview“, at Inaugural Function of the Month-long 
Vacation Training Program on Bioresources for High School toppers of Guj., Science City 
and Chief Guest, 19.4.2013

2. BK Rastogi "Earthquake Research: Advancement and Challenges" on the occasion of “World 
Earth Day Celebration”, Geomatics Society of In, SAC, ISRO, Ahmedabad, 22.4.2013

3. Rastogi, B.K. (2013) Earthquake safety for important structures
and geophysical surveys for natural resources, DST-PURSE Sponsored Nat. Conf. on 
Interdisciplinary Perspectives: Defence Studies, E arth  System Science and Bio-Medical 
Science, S ardar Patel University, Nov. 15, 2013

4. Rastogi, B.K. (2013). Earthquake preparedness, hazard assessment and estimation of 
seismic safety factor, International Conference on Geospatial Momentum for Society and 
Environment, CEPT Univ., 18.12.2013

5. Rastogi, B.K., G.C. Kothyari and Falguni Bhattacharya (2013). Active Fault Mapping in 
Kachchh, Workshop cum Training Program on Active Tectonics, MS Univ., 21.12.2013.

6. Rastogi, B.K. (2014). Seismic Hazard and protective measures for earthquakes, Workshop 
on “Protective Measures for Natural Disasters”, Shankarsinh Vaghela Bapu Inst. Tech. 
(SVBIT), Vasan, Gandhinagar, 17.1.2014.

7. G.C. Kothyari (2014). Science Day lecture “Earthquake and Active faults” at Government 
Inter-College, Champavat, Uttrakhand, 28.2.2014
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C H A P TE R  11

SOCIETAL OUTREACH
10.1 MoU SIGNED

A MoU for scientific collaboration was signed between ISR and MG Science College.

1 0 . 2  H E L P  T O  U N I V E R S I T I E S

BK Rastogi acted as expert for six-monthly review of progress of PhD students of Inst. 
Petroleum Tech, PDPU, 18.1.2013.

BK Rastogi attended Board Meeting of the Urban Inst. of Science, Ganpat University, 
Mehsana, 30.1.2013.

1 0 . 3  V I S I T O R S

1. Prof. JR Kayal, visiting Prof., ISR for lectures and interaction with scientists, during Jan
29-Feb 9, March 20-30, May 7-17, July 3-17, Aug 4-13 in the year 2013 while during Jan 27 
to Feb 5 and March 11-20 in the year 2014.

2. Prof. Dr. V.M.Patel, Principal of Shankersinh Vaghela Bapu Instiute of Technology, 
Mansa Road, Gandhinagar visited ISR for discussion on Tsunami Modeling on 2nd January 
2013.

3. Sri P.P. Srivastava, Member North East Council, Jan 2013

4. Dr. Harish Chandra Tewari, formerly Sc. ‘G’ of NGRI delivered lectures and discussed 
with ISR scientists about seismic surveys and other geophysical methods. Jan 13-23, 2013.

5. Sri R.K. Singh 10-15 days every month (lectures on gravity, magnetic and electrical 
methods and gravity surveys)

6. Prof. V.P. Singh, formerly Head Geophysics Department, BHU for lectures on gravity, 
magnetic and electrical methods. January 20-29, 2013

7. Prof. S.P. Mehta, Head of Department, Prof. H.S. Devmurari, Prof. Vaibhavi S. Mehta and 
Prof. Krishna Suchak from SAL College of Engineering on 24-01-2013.

8. Barun Kant Mishra, Executive Engineer and PS to Prof. A.S. Arya, Member BSDMA 
(Bihar State Disaster Management Authority), Patna, 5.2.2013

9. Dr. Hassan Virji, Executive Director, START International, Washington DC, USA, 
5.2.2013
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10. L. Venkateshwarlu, I.A.S, U.P., Secretary & Relief Commissioner, Rajeev Kumar Singh 
(Additional Secretary) and Anil K. Sinha (Vice Chairman, Bihar Disaster Management 
Authority), and Barun Kant Mishra, Ex. Engg. and PA to AS Arya, 7.2.2013.

11. C.K. Rao, Scientist, In. Inst. Geomagnetism, Mumbai visited ISR on 22.2.2013

12. Sri Rajesh Mishra and U.P.Singh Engineers of NPCIL visited ISR for discussions on 
response spectra on March 6-7, 2013.

13. Prof. BV Murthy, former Prof. Center Exploration Geophys. OU, 18th to 24th March 2013 
for giving training on Gravity methods

14. Shri U.P. Singh of NPCIL has visited ISR for discussions on various project proposals 
March 20, 2013.

15. Sunil of IPR (23962216) for discussion on seismicity of Gujarat for the study of gravity 
waves.

16. K. Veeraswamy, Sc. NGRI for joint work of Magnetotelluric survey, march 28- April 2, 
2013

17. Dr. S.K. Biswas, Visiting Professor to supervise research work of two scientists, Sep 3-4, 
2013

18. Dr. Harish Chandra Tewari, formerly Sc. ‘G’ of NGRI delivered lectures on “seismic 
surveys” “geophysical methods” and “Structure of Cambay basin”, Jan 13-23, 2013.

19. Prof. V.P. Singh, formerly Head Geophysics Department, BHU for lectures on gravity, 
magnetic and electrical methods. January 20-29, 2013

20. Prof. Dr. V.M. Patel, Principal of Shankersinh Vaghela Bapu Instiute of Technology, 
Mansa Road, Gandhinagar visited ISR for discussion on Tsunami Modeling, 2.1.2013.

21. Sri P.P. Srivastava, Member North East Council, Jan 2013

22. Prof. S.P. Mehta, Head of Department, Prof. H.S. Devmurari, Prof. Vaibhavi S. Mehta 
and Prof. Krishna Suchak from SAL College of Engineering on 24-01-2013, for discussions.

23. Prof. Hardik Patel of Govt. Engg. College, Chandkheda, 6.4.2013

24. Mr. VG Kolvankar, formerly scientist, BARC, Mr. Milind Meshram and Mrs. Sonali 
Kulkarni of Bhartiya Vidyapith, Mumbai for discussion and our help in reconnaissance 
survey for deployment of their instruments in Gujarat for atmospheric electromagnetic 
precursors of earthquakes, April 10-13, 2013.

25. Prof. BV Murthy, Visiting Prof. ISR and formerly at Center of Exploration Geophysics, 
Osmania Univ., April 12-18, 2013
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26. Dr. Prantik Mandal, Sc., NGRI for joint study of regional tomography for deep crustal 
and mantle structure in Gujarat region, 17-19 Apr, 2013

27. Prof. Ashok Kumar Mathur of IITr, May 17-19, 2013

28. Mr. Joseph George, Mr. Mahesh Sharma & Mr. Kashyap Gor (GPCL/GSPC) visited ISR 

for discussion on Pipeline Fault Investigation Project on 01.07.2013.

29. Dr. Vasily K. Palamarchuk (Hon. Prof. Harbin Engineering University, 1, Angliysky 

Prospect, 190121, St. Petersberg, Russia), The All-Russia Scientific Research Institute for 

Geology and Mineral Resources of the Oceany, Head of Multilevel Geophysical Monitoring 

Laboratory along with his team members Mrs. Glinskaya Nadeza (interpreter) and Mr. Petrov 

vadim, Electronics Engineer, July 5-11, 2013

30. Dr. V. Hari Prasad, Mr. Md. Nurul Alam and Mr. Peeranan, T. of Asian Disaster 
Preparedness Center (ADPC), Bangkok, August 1, 2013

31. Dr. Ajai and Shweta Sharma of ISRO for collaborative work on Disaster modeling,
August 16, 2013

32.Shardul Thakore, K.J. Shah, A.P. Chavda, Rohan Jain and Pragnesh Doshi of GIDB, for 
discussion on Dholera SIR, August 20, 2013

33. Dr. A.B. Bhatt, Dy. Director, Directorate of Radiation Safety, for discussion on Nuclear 
Power Plants in Gujarat, August 20, 2013

34. Balakrishnan. M, S. Balaji, Ranjeet Kumar and C.R. Eswara Prasad of L&T, for 
discussion on Construction of Statue of Unity at Sardar Sarovar, August 22, 2013

35. Mr. Javid AhmadDar, JRF, Srinagar Univ., Sep 18 -O ct 16, 2013

36. Dr. Harish Tewari, Sep 15-30, 2013 to guide research on crustal studies

37. Prof. Uma Ghosh, Lalbabag College, Howrah, West Bengal to deliver lectures on 
“Mathematical Seismology” during the period of 25-26 September, 2013

38. Mr. Kazuo Kanazawa, Vice Governor, Hyogo Prefecture, Japan accompanied by Mr. 
Ashok K. Chawla, Chief Scientist, CSIR-Nat. Inst. Sc Communication and Info Resources, 
New Delhi, 18-11-2013.

39. Arun Singh, Principal Secy., Disaster Management, Govt. of Jharkhand and Mr. Sarva Jit 
Singh, Secy., Disaster Management, Govt. of Gujarat, 27.11.2013.

40. Group of 10 officers concerned with disaster management from southern states, which had 
come to GIDM for preparation of Disaster Management plans for their states,?????? 11.2013
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42. Group of 15 officers concerned with disaster management from northern states, which had 
come to GIDM for preparation of Disaster Management plans for their states, 27.11.2013

43. Prof. R. P. Singh, of Chapman Univ., Orange, California, USA, December 26, 2013.

44. Mr. S. Murugappan and Mr. Mohinder Pal Singh of NHPC Lower Subansiri River Valley 
Project, Assam for data analysis, 17-31 Jan 2014.

45. M em ber NDMA -  Dr. Muzaffar Ahmad and Senior Specialist NDMA -  Ms. Naghma 
Firdaus visited on 21.1.2014
Prof. Friedemann Wenzel, Director Karlsruhe Inst. Technology, Germany, under Indo- 
German Collaborative Program Feb. 26 -M arch 1, 2014

46. Dr. Subimal Sinha-Roy, former Dy. DG, Western Region, GSI, Jaipur and Emeritus 
Professor, Birla Inst. Scientific Res., Jaipur for seminar talks and discussions on fault 
processes in Kachchh, 18-20 March 2014

47. Dr. E. Chandrasekhar, Associate Professor, Dept. Earth Science, IITb, 28 to 29 March 
2014.

11.4 STUDENTS V ISITOR GROUPS

1. Twenty-one students of M Tech Applied Geophysics from Kurukshetra University, 
Kurukshetra 2nd year attended Geophysical Training from 31-12-2012 to 13-01-13 
along with Asst. Prof. R.B.S. Yadav.

2. Some 60 students of 1st yr B. Tech. in Civil Engineering of CEPT Univ. with Prof. 
Anal Sheth, 24.1.2013

3. Some 65 students of 6th semester 3rd year of Civil Engineering from Narnarayan 
Shastri Inst. of Tech., Jetalpur with Noopur A. Shah , Asst. Prof., Ph: 02718- 233001 
nsitgurukul@yahoo.com , noopurshah2489@gmail.com, on 4.4.2013.

4. Some 21 Trainees of “Basics of Disaster Management” course from GIDM visited 
ISR accompanied by Mr. Sunil Modi and Mr. Ramesh Parmar of GIDM, 6.4.2013

5. Some 30 students of Nirma Institute of Technology, Ahmedabad (Sub: Disaster Risk 
Management) with Prof. Pratima Singh visited ISR on 06.04.2013

6. Some 40 students of BE Civil Engg.3rd yr with Prof. Tejas Joshi, Prof. Vasudev 
Baloni, and Prof. Kruti Gandhi, , Alpha College of Engg. & Tech, Khatraj, Tal Kalol, 
Dist. Gandhinagar -382 721 (02764 -  281031/32) on 10.4.2013.

7. Some 46 students of 3rd Year Civil engineering from Merchant Engineering College, 
Basna, Visnagar-Mehsana highway, Basna, 384 315 along with Asst. Prof. Hasan G. 
Suthan & V.R. Chaudhary on 17.4.2013.
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8. Some 70 Third yr B.Tech students of Civil Engg. of Govt. Engg. College,
Chandkheda, along with Asst. Prof. Hardik R. Trivedi & Barkat Patel for exposure to 
Earthquake Engg., 18.4.2013

9. Some 170 students of BE Civil Engg. 2nd and 3rd yr, L. D. Engineering College, 
Ahmedabad-380015 along with Prof. C.S. Sanghvi and Prof. Chirag Jain (079 -  
26306752/3190), on 26.4.2013.

10. Some 30 students of Vacation Training Program on Bioresources for High School 
toppers of Gujarat Science City along with Dr. Narottam Sahoo, May 1, 2013.

11. Some 10 Madhya Pradesh Police Officers Trainees of “Orientation Course on 
Disaster Management” at 6th Battalion Nat. Disaster Response Force, Gandhinagar, 
May 4, 2013

12. Some 29 participants of GIDM Training Course on “Cyclone Preparedness planning 
& Response” The trainees included Class-1 & 2 officials from various departments 
(NDRF, SRPF, Reserve police, Forest, Revenue Personnel, Mamlatdar, Doctors, 
Health Dept.), 5 days training program, May 28 to June 1, 2013, (ISR visit on 30-05
2013).

13. A group of 50 MCA students of Dharamsinh Desai Univ. Nadiad accompanied by 
faculty Prof. JJ Shah and Prof. Meghal Patel, Prof. Dilip Ahalpara ( 9825048520) is 
HoD, hod.mca@ddu.ac.in 13.8.2013.

14. 30 trainees of GIDM Training Programme on "Earthquake Engineering & Earthquake 
Building Code" 18 September, 2013.

15. Some 12 students of M.Tech. course on “Disaster Risk management” of Nirma Univ 
with Prof. Pratima Singh, 19. 10. 2013

16. Total 90 students of diploma course from Dalia Institute of Diploma Studies, near 
Bareja, At & Post Kanera, Dist. Kheda, Prof. Girish B. Patel (E.C.), Prof. Shailesh 
Patel (I.T.), and Prof. Haresh D. Patel (E.C.) visited ISR on 17. 10. 2013

17. The 65 students of IV Year B. Arch students, Sathyabhama University, Chennai_and 4 
Faculty members including V.V. Sanghvi M: 9940598091, Asst. Professor 
Department of Architecture, 25 Nov 2013.

18. Seven M. Sc. Geophysics Final yr students of Ganpat Univ., Kherwa, training on 
electromagnetic methods, 2.12.2013.
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19. Some 60 final year B.Tech and First Year M.Tech civil engineering students from 
CHARUSAT University, Changa along with Dr. Prabheen Sukumaran, Asstt. Prof, on 
December 18, 2013.

20. 110 students of B.E. (Civil) from L.D. College of Engineering, Ahmedabad visited 
ISR along with Prof. Dr. A.G. Hansora, Assistant Professor, Applied Mechanics 
department on 23/01/2014.

21. Twenty-three students of 2nd year Geophysics of Kurukshetra Univ., accompanied by 
Asst. Prof. Manisha Sandhu, & Asst. Prof. Sushil Kumar, 24.1.14 to 5.2.14.

22. Some 110 students of CEPT 1st year of Geomatics and Planning along with 3 faculty 
members including Prof. Anal Sheth, 1.3.2014.

23. Some 50 students of civil engineering stream of SAL Institute of Technology & 
Engineering Research, Ahmedabd along with Prof. H.S. Devmurari visited ISR on 
5.3.2014.

24. Some 61 students (3rd yr Civil) and Faculty Prof. P M Joshi- 9428665339 From 
Sankalchand Patel College of Engineering, Gandhinagar-Ambaji State Highway, 
Visnagar-384315, Mehsana, Phone-02765-232008,227342, Fax-02765-224982, E- 
mail-spce99@yahoo.com, 26.2.2014

25. Some 35 students of civil engineering, 6th Sem. of Vidhyadeep College of 
Engineering from Olpad, Surat along with Prof. Ketan Gore and Mehul Laruhariya 
visited ISR on 13.3.2014. 02621-249227, 249034, vidhyadeeptrust@ gmail. com.

11.5 DISSERTATION OF STUDENTS

Table: Dissertation of Students

Topic Guide No. of 
students

Course University

Building Typology- 
Remote Sensing

Vasu Pancholi 1 M.Sc. Pune

Geotechnical Vasu Pancholi 1
1
3 
5

1
4 
1

M E.
M.Sc. Geol 
B . Tech. Civil 
M . T e ch Geote ch 
&Geoinformatics 
M.Sc. Appl Geol B. 
Tech. Civil M.Sc. 
Geol

LD Engg.
Tirunelvelli
Vel-Tech
Bhartidasan,
Tiruchirapalli
IITkhgp
Vishwakarma
Bundelkhand

Magnetotelluric Dr. Kapil Mohan 3 MSc. Geol Mysore
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Time domain Dr. Kapil Mohan 2 M. Tech Appl. Geol KU Ganpat
Electromagnetic 1 MSc Geop

Resistivity Imaging Dr. Kapil Mohan 2 MSc Geop Ganpat

Ground Response Dr. Kapil Mohan 2 MSc Geop Ganpat

Seismics Dr. B. Sairam 1 M.Sc. Geoph Berhampur
6 M.Tech Geotech Tirunelvelli
2 MSc Geosc Bhartidasan
1 MSc Geop Ganpat
2

M. Tech.
Cochin

Microtremor Dr. A.P. Singh 3 MSc Geosc Bhartidasan
4 MScTech Apl Geop ISM
2 MSc Apl Geol Mysore

Tsunami Modeling Dr. A.P. Singh 1 PhD LD Engg.

Gravity Mr. R.K. Singh 4 M.Sc. Geoph M.Sc. Berhampur
1 Geol. MSc. Geop Bundelkhand

Ganpat

Neotectonics and Dr. Siddharth 1 M.Sc. Geol. Rajahmundry
Sedimentology Prizomwala 2 Bundelkhand

Neotectonics Dr. G.C. Kothyari 1 M.Sc. Geol. Bhartidasan

1 M.Sc. Geol. Bundelkhand

1 M. Tech. Geol IIT Kharagpur

OSL Ms. Falguni 
Bhattacharya

2 M.Sc. Geol Raj ahmundry

GPS Dr. Rakesh Dumka 1 M.Sc. Geol Bundelkhand

14 aspects 9 Guides 62 17 Univ.
students

1. Dissertation for 6 months of Dhuval Gordhanbhai Patel (University of Pune, 
Department of Geography, 4th Semester, M.Sc. Geoinformatics) on the Topic 
“Extraction of Building Characteristic from Cartosat stereo satellite imagery”, under 
guidance of Mr. Vasu Pancholi, 1st Jan to 3 1st May
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2. Dissertation of Harshal Chauhan (L.D. college of engineering, final year M.E. on the 
topic of “Liquefaction Potential evaluation of Sabarmati sand soil with different silt 
content by Cyclic Triaxial Method in Geotechnical Dept. under guidance of Mr. Vasu 
Pancholi

3. Arun. P. Jacob, 2nd year M.Sc Applied Geophysics student of Centre for 
Geotechnology, M anonm aniam  S undaranar University, Tirunelveli- 627012,
Jan15-March 15, 2013

4. The Dissertations of five students of M.Sc Geophysics (iv semester) of Berhampur 
University for one month during Feb - March 2013 are as follows:

(i) Four students Mr.Aurobindo Mohanty, Mr Deepak Sharma and Mr. Abhijit Gogoi and Mr. 
Alok Kumar Routa “Mapping of basement configuration and overburden thickness of eastern 
part of Cambay Basin using Gravity Survey” during Feb 11-March 7, 2013

(ii) Mr.Ranjit Kumar Sahoo, “Estimation of Shear Wave Velocity using Multichannel 
analysis of surface wave (MASW)” during Feb 11-March 22, 2013

5. Suraj Kumar. Rahul Ranjan and Manish Yadav, three students of B.Tech (Final year- 
Civil Engineering) from VEL TECH Technical University “Geotechnical Characterization of 
soil for seismic microzonation” 4-12-2012 to 19-3-2013 (3.5 months) in Geotechnical Dept. 
under guidance of Mr. Vasu Pancholi.

6 . Dissertation of two final year students Mr. Govinda and Mr. Virender Kumar of M.Tech. 
Applied Geology (VI Semester) of Kurukshetra University, Kurukshetra; Haryana, during 
March-June 2013 on Time-Domain Electromagnetic.

7. Dissertation completed of 5 students of M.Sc. Geol (IV Semester) of Bundelkkhand Univ., 
Jhansi, during Feb 8- April 6 , 2013.

Mr. Bhairo Prasad Verma, on OSL dating and Active fault Investigations under 
guidance of Dr. Girish Ch. Kothyari

Mr. Ajeet Singh, Dissertation topic “Morphometric analysis of fluvial systems of 
southwestern Saurashtra, Western India”. under guidance of Dr. S. P. Prizomwala

Miss Jyoti Badal, Miss Swapnil Chaudhary and Mr. Vineet Singh, Dissertation topic 
“Geotechnical characterization of soil in Gandhinagar by Seismic microzonation 
methodology” in Geotechnical Dept. under guidance of Mr. Vasu Pancholi

8 . Mr. Vishal Kantibhai Khunt, Final year M.Tech. Oct 2013-May2013. Dissertation 
on “Liquefaction Potential Analysis with SPT Value and Vs and Comparison of Both 
Methods”. Under guidance of Dr. B. Sairam, Scientist, ISR, Gandhinagar and Prof. S. 
P. Dave, Head of Dept., Applied Mechanics Dept., LDCE, Ahmedbad.

8 . Madhukar Srigyan, Final year IITkh, Appl. Geol. May 2 to June 15, 2013 Dissertation on
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“Geoarchealogical Aspects using GPR” under guidance of Gr. Girish Ch. Kothyari

9. Two third yr students of 6-yr integrated M. Tech. Geotechnology and Geo-Informatics, 
Center for Remote Sensing, Bhartidasan Univ., Tiruchirappalli, TN, during June-July 2013.

Miss S. S. M angala Surya: 1. “Estimation of Shear-wave velocity using Multichannel 
Analysis of Surface Waves (MASW)”, Under the Guidance of Dr. B. Sairam, Scientist-B.

2.”Index Properties of Soil” at Geotechnical Department Under the guidance of Mr. 
Vasu Pancholi, Scientist-B

M r. A. R. Chandram ouli: 1. “Estimation of Shear wave velocity using Multichannel 
Analysis of Surface Waves (MASW)”, Under the Guidance of Dr. B. Sairam, Scientist-B.

2. “Index Properties of Soil” at Geotechnical Department Under the guidance of Mr. 
Vasu Pancholi, Scientist-B

10. Third yr students of 6-yr integrated M. Tech, Geo-technology and Geo-informatics, 
Bharathidasan University, Tiruchirapalli Ms. T. Siva Sankari, Mr. M. Arunachalam worked 
on “Local site effects study in Kachchh region using microtremors” under guidance of Dr.
A. P. Singh during the period of 14th May-25th June, 2013

11. Mr. Bhupesh Kataria, Final yr Civil Engg., ME (Dept. Water Resources and 
Management, L.D. Engineering College, Ahmedabad ), 7 months dissertation on tsunami 
modeling under guidance of Dr. A.P. Singh starting October 15, 2013 to May 15, 2014.

12. Six students of M.Sc. Applied Geophysics (final yr), Centre for Geotechnology, 
Manonmaniam Sundaranar University, Tirunelveli, Tamil Nadu , Under the Guidence of Dr.
B. Sairam, Scientist-B and Dr. B. K. Rastogi, Director General, ISR, during January to March 
2014:

• Estim ation of P-Wave Velocity and Thickness of Subsurface Layer Using 
Seismic Refraction Method, Submitted by three students 1. Vysakh E S, 2. S. 
Siva Kumar, 3. Mohamed Niyas M.

• Estim ation of shear wave velocity using M ultichannel Analysis of Surface 
W ave (MASW) M ethod, Submitted bythree students: 1. K. Anantha Raj, 2.
S. Raj Kumar, 3. P. Arumuga Siva Sankar

13. Three students Akhil Kumar, K., Sharath, K .M. and Sarath Kumar, K . Department of 
Earth Science, University of Mysore (M.Sc. Geology) completed their following dissertations 
in ISR (MT Lab) during January-March 2014 under guidance of Dr. Kapil Mohan.

Sharath K.M. “Subsurface electrical resistivity imaging of Bavla region, Central Cambay 
Basin using Magnetotelluric”

Sarath Kumar K. “Comparison of geo-electrical strike in eastern Kachchh and Central 
Cambay Basin through Magnetotelluric study.
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Akhil Kumar K. “Detailed analysis of geoelectric strike in the epicenter zone of 2001 Bhuj 
earthquake (Mw7.6) region using Magnetotelluric investigations”.

Student K. Sarath  of Mysore University after dissertation wrote: I would like to thank 
you again for all your support. We got there a good exposure to MT. We wish we could 
spend a few more months there. I hope in the future our juniors can also carry out their 
dissertation at ISR. We will remain grateful to you & your team throughout our life for 
providing us such a great opportunity. Thank you once again sir. Wish you & your team all 
the success.

14. Four students Khokhar Zeeshan Ali I, Chaudhary Krunal R, Sathwara Himanshu B and 
Sarany Manan B (B. tech. Civil, 8th Semester) from Vishwakarma Govt. Engineering college, 
Gandhinagar on the topic “Role of Geotechnical engineering in seismic microzonation”
Eight months during 27/7/2013 to 10/04/2014, under guidance of Mr. Vasu Pancholi.

15. Three students Nirmal B., Ramkumar E. and Thena T. Final yr M. Sc. Geosciences from 
Bhartidasan Univ., Tiruchirappalli, TN, Jan -  Feb 2014 on seismic survey.?????????????

16. Four students A. Durga Prasad, K. Raj Sunil, S. Srikanth Kumar, K. Durga Surendra -  for 
dissertation on Geological studies M.Sc. Geol Head: Dr. Y. Srinivasa Rao, MSc., M.Phil., 
Ph.D., Head: Geoinformatics & Petroleum Exploration & Principal: University College of 
Science & Technology, ADIKAVI NANNAYA UNIVERSITY, Jaikrishna Puram, 
RAJAHMUNDRY -  533 105, A.P. Mobile: +91 9440801165, E
mail: yammani@gmail.com Jan- Feb, 2014 did there Dissertation in OSL lab with Dr. Girish 
Kothyari, Dr. S. P. Prizomwala and Ms. F. Bhattacharya

17. Four students from Bundelkhand Univ. M. Sc. (Geology) 4th Semester Priyanka 
Upadhyay, Muzahid Ahmad, Shivam Pateriya and Ravindra Kumar Rai, Jan-April 2014, 
1- Geotech, 1 GPS, 1Gravity and 1 Geology under guidance of Dr. R. Dumka, Dr. S. P. 
Prizomwala and Mr. Vasu Pancholi.

18. Seven students from Ganpat University (Kherva) Mehsana, dissertation work of four 
students on Electromagnetic, two on MASW, one on Microtremor and one on Gravity 
surveys for 5 months (January to May 2014).

1. Bhavesh Patel: “Delineation of shallow subsurface resistivity structure of Gandhinagar 
City using Electrical resistivity.

4. Pruthul Patel: “Ground Response Analysis of Central Ahmedabad region”

5. Mehul Nagar: “ Subsurface resistivity mapping of Godhra region, Gujarat using 
Magnetotellurics”
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6 . Shital Patel: “Estimation of surface strong motion parameters using Geo technical 
data in the Gandhinagar city, Gujarat, India”

7. Dilip Singh Kushwaha: TEM

8 . Jignasa Modi: MASW surveys under Dr. B. Sairam

9. Priyanka-Gravity surveys under R.K. Singh

19. Four 2nd year students (Akash Chandra, Sunil Kumar Patel, Rahul Prajapati & Sandeep 
Kumar) of M.Sc.(Tech.) Applied Geophysics, Department of Geophysics , Indian School 
Mines, Dhanbad: “Determination of Site Effects by Ambient Vibrations Study: A Case Study 
at Gandhinagar City, Gujarat” under the guidance of Dr. A. P. Singh from 2nd to 18th Oct., 
2013

20. Two students (Mr. Habeeb Thanveer. K, and Mr. Maibam Debaroy Singh) of 4th semester 
Applied Geology, Department of Earth Science, University of Mysore Microtremors’ HVSR 
and its correlation with the surface geology at Kachchh region, Gujarat under the guidance of 
Dr. A.P. Singh from 12th January to 25th February 2014

11.6 TRAINING OF STUDENTS

1. Twenty-one students of M Tech Applied Geophysics from Kurukshetra University, 
Kurukshetra 2nd year attended Geophysical Training from 31-12-2012 to 13-01-13

2. Training of the 5 students- Mr. Alok Kumar Routa, Mr.Aurobindo Mohanty, Mr.Ranjit 
Kumar Sahoo, Mr Deepak Sharma and Mr. Abhijit Gogoi. of M.Sc Geophysics (iv semester) 
of Berhampur University for one month during Feb 11-March 2013.

3. Three students (Ms Shah Ritu, Ms Gajjar Miral, Mr Pathan Aamirkhan) of M.Sc. Geol.
2nd Sem for summer training, M. G. Science Institute at Geotechnical Investigation Lab, 
(Duration 1 month, 27.5.2013 to 24.6.2013)

4. Priyanka Upadhayay, M.Sc. Geology 1st Year student, (Dept. of Earth Science), 
Bundelkhand University, Jhansi. “Identification and Classification of Soil by Physical Test”, 
during 06/06/2013 to 10/7/2013.

5. Eight students of M.Tech Applied Geology, Krukshetra Univ. : 5th yr: Paryant Ashwani, 
Kiker Singh and Vijay Punia, 4th yr: Arvind Kumar, Harsh Kumar, Ramesh Kumar and 
Shanu Batra, 3rd yr: Pankaj Kumar, for one month from 1st to 31st July 2013

6 . Four students of M.Tech Applied Geology, Krukshetra Univ. : 5th yr: Shanu Batra, 
Ramesh Kumar, Pankaj Kumar from 1st to 15th July 2013 in Geotechnical Dept.
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7. Four 4th year of BE Civil Engineering students: Sarang Manan B., Sathwara Himanshu B., 
Chaudhary Krunal R. and Khokhar Zeeshan Ali I. of Vishwakarma Government Engineering 
College Gandhinagar, Training on Geotech for 30 days during August to November 2013.

8 . Two 4th year BE Instrumentation students of Government Engineering College, Sector 28, 
Gandhinagar, Namely Tejas Turakhia and Dharmesh Prajapati for a project on Earthquake 
early Warning for two semesters.

11.7 Lectures given in train ing courses

Choudhury, P. ‘Seismic Zonation of Gujarat”, ADPC, Bangkok Training Program on 
Disaster Management at GIDM, Gandhinagar, 29 July 2013

Kumar Santosh “Basics of Seismology” 2.30  h r afternoon lecture in Training Programme on 
"Earthquake Engineering & Earthquake Building Code", Gujarat Institute of Disaster 
Management (GIDM), Gandhinagar , 17 September, 2013

Rastogi, B. K. “Monitoring of Earthquakes in Gujarat” 3 h r morning lecture in Training 
Programme on "Earthquake Engineering & Earthquake Building Code" , Ibid, 18 September, 
2013

Singh, A.P. “Seismic Microzonation and building damage evaluation in Gujarat” 2.30  hr 
afternoon lecture in Training Programme on "Earthquake Engineering & Earthquake 
Building Code", Ibid, 19 September, 2013

Singh, A.P. “Tsunami Hazard” in Training course on Coastal Hazard Risk management, 
Gujarat Institute of Disaster Management (GIDM), Gandhinagar, 23rd October 2013

Rastogi, B.K. “Earthquake Preparedness in Gujarat”, All India Training course on Geomatics 
for Women sponsored by DST and organized by CEPT Univ., Ahmedabad, Oct 23, 2013

Singh, A.P. “Understanding Basics of Earthquake and Impact” at GIDM on 06/01/2014

Singh, A.P. “Introduction to seismic hazard and risk and cas study-2001 Bhuj Earthquake and 
2011 Japan Earthquake” at Civil Engineering department, Government Polytechnic 
Ahmedabad on 22/01/2014
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CHAPTER 12

HUM AN RESOURCE A N D  DEVELOPM ENT

12.1 HONORS/ RECOGNITIONS/AW ARDS TO ISR  SCIENTISTS FROM
O TH ER AGENCIES

(i) 2013-14 National e-Governance Award-Gold to D epartm ent Science &
Technology - Institute of Seismological Research

by two Government of India ministries (i) Department of Administrative Reforms and Public 
Grievances (ii) Department of Electronics and Communication.

under a new category of ‘Outstanding eGovernance Initiatives by Academic and Research 
Institutions’

On “Effective Seismological M onitoring Through e-Governance to Save Lives and 
Damage due to E arthquakes”

The award was given by Hon’ble Governor of Kerala Sri Nikhil Kumar on 31st January 2014 
during the 17th National e-Governance Conference at Cochin. The award winning team of 
Inst. Seismological Res. consists of its Director General BK Rastogi; Scientists Santosh 
Kumar and KM Rao and Tech Officers Ganpat Parmar, Jignesh Patel and Dilip Chaudhary 
under the guidance of Sri SJ Haider, Secretary, Department of Science & Technology.

The project aimed establishing of an advanced infrastructure for seismic monitoring 
in Gujarat as a preparedness effort to save lives and damage to property from earthquakes. 
Through online functionality and auto location the earthquake parameters are disseminated 
within minutes to state authorities, disaster management team and general public through 
SMS, email and website. Earlier it used to take hours. The quick availability of earthquake 
information as well as potential damage map and shake map increase the ability and 
efficiency of decision makers and hence significantly reduces the time delay in start of the 
relief work. The reliable and immediate reports provided to media allay the anxiety / fear 
among the people. The data available on website is used nationwide for M. Tech. 
dissertations and PhD theses. The outcome is also tsunami alert; earthquake hazard and loss 
assessment; and basic as well as applied research in seismology and engineering.
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Sri KM Rao, Scientist ISR, Prof. BK Rastogi, Director General, ISR and Dr. Neeta Shah, 
Director, IT receiving eGovernance award from Sri Nikhil Kumar, Governor Kerala and Sri 
J. Naransamy, Union Minister.

Recognitions
(i) B.K. Rastogi: Chairman Seminar Session “Current Scenario in area of earthquake resistant 
designing”, “Technical W orkshop for Faculty and Academia” at SAL Inst. of Tech. & 
Engg. Research, Ahm edabad on 22.2.2013

BK Rastogi, Member selection committee for faculty positions at IIT Bhuvaneshwar and 
Ganpat University

(ii) BK Rastogi, Expert for six-monthly review of progress of PhD students of Inst. 
Petroleum Tech, PDPU.

(iii) BK Rastogi, Board Member, Urban Inst. of Science, Ganpat University, Mehsana.

(iv) K.MADHUSUDHANA RAO acted as liaison officer for Dr.A.P.J.Abdul Kalam, 
Former President of India, during 28-29 June, 2013 when he visited for All India 
good Governance Conclave. Dr. Kalam shared his happiness of existence of one 
institute fully dedicated for seismological research. He emphasized the need of 
hundreds of scientists and thousands of PhD scholars in this subject. He has 
agreed to come for our forth coming international symposium in Jan 2014.

(v) BK Rastogi nominated “Advisory Member” Journal of Indian Society of 
Earthquake Technology (ISET-JET).

(vi) BK Rastogi, Chief Guest, Valedictory Function of ADPC Training Course,
GIDM, August 3, 2013

177



( v i i )  BK Rastogi, Guest of Honor and to give prize to the winner of State Level 
Competition on IT Quiz to select a team for National Rural IT Quiz Tuesday, at 
Town Hall in Gandhinagar, 24th September 2013

(viii) Rastogi, B.K. (2013). Chief Guest, Inaugural Function, Workshop on “Protective 
Measures for Natural Disasters” and Inauguration of the new building of the Civil 
Engineering Department, Shankarsinh Vaghela Bapu Inst. of Tech. (SVBIT), 
Vasan, Gandhinagar, 17.1.2014.

(ix) Dr. A.P.Singh awarded Young Scientist Project by department of Science and 
Technology (DST), New Delhi. The topic of project title is 3-D surface wave 
group velocity distribution and Attenuation structures of Gujarat, India

(x) Dr. S. P. Prizomwala awarded Young Scientist Fast Track Project by DST New 
Delhi on “Aggradational-Incisional phases in the fluvial sequences of southern 
Saurashtra: Implications of Sea level/Tectonic forcings during the Late 
Quaternary”.

(xi) B.K. Rastogi, Member, Working Committee for drafting Gujarat Science, 
Technology & innovation (STI) policy

(xii) B.K. Rastogi, Invited to attend and speak at the Inaugural function of the 7-day 
long Science Carnival on the occasion of 2014 National Science Day, Science 
City, 28.2.2014

(xiii) BK Rastogi, Member, Committee to Review functioning of the Department of 
Earth Sciences, IITr. 2014

12.2 PhD AWARDED (Total 9 ISR  scientists have got PhD)

1. A.P.Singh (2013). PhD in Geophysics, Three dimensional seismic structure and 
seismotectonics of Kachchh, Gujarat, India: Implication for seismic Hazard from Department 
of Geophysics, Kurukshetra University, Kurukshetra, Haryana. Guides: OP Mishra, Dinesh 
Kumar, Kurukshetra University, Haryana

2. S. P. Prizomwala (2013) PhD in Geology on “Sediment provenance, pathways and sink 
potential of the inner Gulf of Kachchh, Western India” under the guidance of Dr. Nilesh P. 
Bhatt of the M. S. University of Baroda.

3. Ch. Nagabhushan Rao (2013) PhD in Geophysics on “Structure and Seismotectonics of 
Kutch- Saurashtra region, NW India, using Seismic broad band waveform modeling”, under 
the guidance of Dr. Poorna Chandra Rao of NGRI, Osmania Univ., Hyderabad.

12.3 DEPUTATIONS ABROAD
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Prof. Dr. BK Rastogi and Dr. Kapil Mohan, to attend “Consultative South Asian Expert 
Meeting on Global Earthquake Model (GEMSAM)” in Kathmandu, Nepal, 28 Feb - 4 March, 
2013.

Mr. Sandeep K. Aggarwal, to present a paper in 8th Intl. workshop on Statistical Seismology, 
Beijing, August 9-17, 2013

12.4 National Training Course on “M agnetotelluric M ethod of Geophysical Survey”
by Mr. Ulrich Matzander , Manager Geophysics Application, Metronix, Germany.
Participants from ISR, Krukshetra Univ. (Mr. Sushil Kumar), IITb Prof. E. Chandrasekhar) 
and NGRI (Dr. Ajay Manglik and Dr. Thiagrajan), March 18-30, 2014 
TRAINING OF ISR SCIENTISTS INHOUSE

Training on Processing and Interpretation of Gravity Data using GEOSOFT Computer 
program by AK Das, Ex-Director GSI, Trainees: Gravity Group including Meenakshi Rawat, 
G ajendra Prasad, K untal Bhukta, Jayashree Banerjee, Sunita Sahoo, Jan 15-19, 2013

Training on Gravity methods by Prof. BV Murthy, former Prof. Center Exploration Geophys. 
OU, 18th to 24th March 2013

Training on Gravity methods by Prof. BV Murthy, former Prof. Center Exploration Geophys. 
OU, 18th to 24th March 2013

Training of the scientists on research paper writing, by Prof. JR Kayal

Training on Processing and Interpretation of Gravity Data using GEOSOFT Computer 
program by AK Das, Ex-Director GSI, Trainees: Gravity Group including Venkatesh, Piyush 
Priyam, July 15-22, 2013

12.5 TRAINING OF ISR  STAFF OUTSIDE

Rakesh K Dumka, Scientist B, visit of NGRI for GPS data interpretation during 20 -  31 May 
2013.

Training on “Aquifer Information and Management Plan”, CGWB. GoI.
Sandeep Aggarwal, Sarda Maibam, Jaina Patel, Siddharth Dimri, Mohit Arora, Guj. Jal Seva 
Training Inst., Gandhinagar, Dec 16-20, 2013,

12.6 ISES-ISR DISTINGUISHED LECTURES / SPECIAL LECTURES

(i) Dr. T. Harinarayana, Director GERMI “Energy Security in India -  A way Forward”, ISR- 
ISES Distinguished Lecture, August 8, 2013

(ii) Prof. R. P. Singh, of Chapman Univ., Orange, California, USA delivered a lecture on 
"Land-Ocean-Atmosphere Coupling Associated with Earthquakes on December 26, 2013”.

(iii) Prof. Friedemann Wenzel “Seismic Hazard Assessment in Europe”, ISR-ISES 
Distinguished Lecture, 26.2.2014
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(iv) Friedemann Wenzel “Trends in Global Earthquake Losses”, 2014 National Science Day 
Lecture, 28.2.2014,

12.7 SEMINAR TALKS BY VISITORS

1. Dr. Harish Chandra Tewari, formerly Sc. ‘G’ of NGRI delivered lectures on “seismic 
surveys” “geophysical methods” and “Structure of Cambay basin”, Jan 13-23, 2013.

2. Prof. V.P. Singh, formerly Head Geophysics Department, BHU for lectures on gravity, 
magnetic and electrical methods. January 20-29, 2013
- Introduction to gravity methods of prospecting on 21/1/2013

- Introduction to origin of earth’s magnetic field its cause and impact on oceanic research on 
21/1/2013

- Magnetic anomalies and ocean floor spreading on 21/1/2013

- Plate tectonic theory and its impact on new global tectonics on 27/1/2013

3. Prof. Ashok Kumar Mathur of IITr, “Earthquake Early Warning System, May 18, 2013

4. Dr. J. R. Kayal three lectures “Relocation of Earthquakes”, “Tomography” and “Fractals 
and ‘b ’ value analysis”, on 11-07-2013 and 12-07-2013

5. Dr. J. R. Kayal delivered a series of lectures on 11-07-2013 and 12-07-2013 in ISR on the 
topics: (i) Relocation of Earthquakes (ii) Tomography (iii) Fractal and ‘b ’ value analysis

6 . Dr. Uma Ghosh, Associate Professor, Kolkata gave lecture on the topics 1. Seismic 
Hazard Analysis in NE Indian region and 2. Mathematical Modeling of earthquake processes 
in seismically active region, September 2013

7. Dr. H. C. Tiwari, Ex. Scientist, NGRI, Hyderabad at ISR from Sept 23-26, 2013 
four talks on the topics: 1. Fundamentals of Seismic Prospecting. 2. Rift Evolution 3. 
Continental rifting and Geophysical Evidences of Cambay rift basin 4. Crustal structures 
beneath the Sub-Himalayan fold-thrust belt, Kangra recess, from Seismic reflection profiling: 
implication for earthquake hazard.
8 . Lecture on The elastic properties of Minerals using Resonant Ultrasound Spectroscopy by 
C.S. Pandey, Ruhr University, Bochum, Germany on 28th October, 2013

8 . Dr. Subimal Sinha-Roy, 1. Aulacogen inversion tectonics and seismicity in Kachchh 
19.3.2014

2. Quantitative geomorphology in neotectonic studies, 20.3.2014 

Dr. E. C handrasekhar (IITB)

1. Magnetotelluric and ground water assessment: A case study from NE Brazil, 28.3.2014
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2. Wavelets for well-log data analysis, 28.3.2014

12.8 ISR  SEMINAR TALKS BY ISR  SCIENTIFIC STAFF
R.K. Singh lectures on gravity, magnetic and electrical method, Jan 7-15, 2013

Siddharth Prizomwala, Paleo-tsunami deposits in Diu Coast, 16.07.2013

Santosh Kumar “Fundamentals of Seismology and Seismic Data Analysis using Seisan”, 16
09-2013.

RK Singh Gravity method of geophysical survey, 2.12.2013

RK Singh Engineering applications of Electrical Geophysics on 13.03.2014

RK Singh Gravity and Geology of Cambay basin on 14.03.2014
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12.9 Lists of staff

Scientific staff

Sn Name Post PG PG yr Joining
1 K. Madhusudan Rao Sc. D, GoG Plan M.Sc. Tech. Geophys, OU 1995 01.02.2006

2 Santosh Kumar Sc. D, GoG Plan
M.Tech in Applied 
Geophysics., KU

1996 01.04.2006

3
Dr. (Miss) Pallabee 
Choudhury

Sc. C, GoG Plan
M.Sc. Phys. Tezpur 
PhD Geophy. Tezpur

2001
2006

19.07.2007

4 Dr. Kapil Mohan Sc. C, GoG Plan
M.Tech Geophys., KU 
Ph.D Geophys., KU

2001
2009

11.07.2007

5 Dr. B. Sairam Sc. B, GoG Plan
M.Sc. Tech. Geophys. 
OU; Ph.D Geophys. OU

2003
2012

17.08.2006

6 Dr. A. P. Singh Sc. B, GoG Plan
M.Sc. Tech. Geophy., 
BHU; Ph.D Geophys., KU

2002
2013

14.08.2006

7 Ms. Jyoti Sharma Sc. B, GoG Plan
M.Sc. Phys., DU 
M.Tech, IITkh

2005
2008

01.12.2011

8 P. Mahesh Sc. B, GoG Plan M.Sc. Phys, AU 2005 29.12.2011

9 G. Pavankumar Sc. B, GoG Plan M.Sc. Phys. AU 2004 05.01.2012

10
Dr. Girish Chandra 
Kothyari

Sc. B, GoG Plan M.Sc. Geol, Kumaun PhD, 
KU Nainital

2001
2009

13.04.2009

11
Dr. Rakesh Kumar 
Dumka

Sc. B, GoG Plan M.Sc. Geol Kumaun 
PhD Kumaun

2003
2011

01.08.2007

12
Ms. Falguni 
Bhattacharjee

Sc. B, GoG Plan
M.Sc. Geol, Jadavpur Uni 2004 13.02.2008

13 Sandeep Aggrawal Sc. B, SSNNL M.Tech Geophys., KU 2004 20.07.2007

14 M.S.B.S.Prasad Sc. B, SSNNL M.Sc. Tech. Geophys. AU 1989 11.06.2007

15 Vasu Pancholi Sc. B, SSNNL M.Sc. Geol., GU 2005 08.09.2011

16 Ketan Singha Roy Sc. B, SSNNL
M.Tech. Computational 
Seismology, Tezpur Uni.

2009 30.07.2009

17
Vandana Patel Geophysicist,

EEWS
M.Sc., Phys. Bhavnagar 2006 06.09.2008

18
Peush Chaudhary Geophysicist,

EEWS
M.Tech. Appl. Geophy 
Kurukshetra

2011 02.01.2012

19 Siddharth P Prizomwala Geophysicist,
EEWS

PhD, Geology, MS Uni. 
M.Sc. Geology, MS Uni.

2013
2008

08.10.2012

20 Sorabh Sharma Geophysicist,
EEWS

M.Tech. App. Geophy., 
K.U.K

2009 07.10.2013

21
C. Prasanna Simha Project Sc., 

CAL-VAL
M.SC. Physics,
Sri Venkteswara Uni.

2005 06.11.2012

182



22 Sidharth Dimri
Sr. Geologist, 
GoG Plan

M.Sc. Geol., HNB 
Garhwal University

2002 15.01.2008

23 S. Venkateswar Rao
Sr. Geophysicist, 
GoG Plan

M.Sc. Tech. Geophys. AU
2007

04.06.2012

24 Tarun Solanki
Sr. Geologist, 
GoG Plan

M.Sc. Geology, MS Uni. 2008 15.06.2013

25 Annam Navaneeth Geophysicist M.Sc. Geophys. OU 2009 19.04.2010

26 Archana Das Geophysicist M.Sc. Geology, MS Uni. 2010 22.03.2012

27 Ms. Vishwa R. Joshi Geophysicist 
GoG Plan

M.Sc. Physics, Bhavnagar 
University

2007 20.05.2009

28 Ms. Sarda Maibam Geophysicist 
GoG Plan

M.Sc. Earth Sc. Manipur 2009 05.11.2009

29 Komal Pasricha Geophysicist 
GoG Plan

M.Tech. App. Geophy., 
K.U.K

2013 10.09.2013

30 Monika Arora Geophysicist 
GoG Plan

M.Tech. App. Geophy., 
K.U.K

2013 10.09.2013

31 Mohit Arora Geophysicist 
GoG Plan

M.Tech. App. Geophy., 
K.U.K

2013 03.09.2013

32 Mayank Dixit Geophysicist, 
ISRO 3

M.Tech. App. Geophy., 
K.U.K

2013 03.09.2012

List of JRFs

Sn Name Post Qualifications PG yr Joined on
1 Ms. Jaina P. Patel JRF, GoG Plan M.Sc. Env. Sc & Tech 2009 01.06.2009
2 Mr. Sushant Kumar Sahoo JRF, CAL-VAL M.Sc. Geophy Berhampur 2012 02.04.2012
3 Mr. Vinay Kumar Dwivedi JRF, GoG Plan M.Sc. Geol. 

Bundelkhand Uni.
2012 21.07.2012

4 Ms. Jayshri Solanki JRF, GoG Plan M.Sc. Geomatics, CEPT 
University

2012 04.09.2012

5 Ms. Drasti Gandhi JRF, GoG Plan M.Sc. Geology, M.G. Sci., 
A'bad

2012 18.09.2012

6 Mr. Suraj Kumar Singh JRF, GoG Plan B.Tech. Civil Engg., 
Veltech Uni., Chennai

2013 10.06.2013

7
Mr. Rahul Ranjan Mandal

JRF, GoG Plan B.Tech. Civil Engg., 
Veltech Uni., Chennai

2013 10.06.2013

8 Mr. Dhaval G Patel JRF, GoG Plan M.Sc. Geo-Informatics, 
Pune Uni.

2013 22.07.2013

9 Ms. Dipika Ahriiao JRF, GoG Plan M.Sc. Geology, M.G. Sc. 
Inst., G.U.

2012 05.08.2013

10 Ms. Parul Mittal JRF, ISRO 1 M.Tech App. Geophy., 
K.U.K

2013 19.09.2013
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11
Mr. Virender Kumar Singh JRF, ISRO 3 M.Tech App. Geophy., 

K.U.K
2013 03.09.2013

12 Mr. Rahul Kumar Singh JRF, ISRO 3 M.Sc. Tech. Applied 
Geophy., ISM

2013 27.05.2013

13 Aurobindo Kumar 
Basantray, DoB 20.2.1989

JRF, M.Sc. Geoph, Berhampur 2012 20.4.2013

Technical Officer

Sn Name Qualification Joined on
1 Mr. Ganpat Parmar BE (EC) 17.11.2007
2 Mr. Jignesh Patel BE (CE) 12.04. 2006
3 Mr. Dilip Chaudhari (jto) DEE, BE (EE) 30.10.2007

Technical Assistant

Sn Name Qualification Joined on
1 Mr. Jay Pandit B.Com. 16.06.2007
2 Mr. Nirav Patel DEE 18.10.2007
3 Mr. Sandip Prajapati DEC 24.12.2007
4 Mr. Bharat Mevada DEC 18.01.2008
5 Mr. Tejendra Vaghela DEE 03.10.2008
6 Mr. Mahesh Valekar DEE 03.03.2009
7 Mr. Ankit Pandya Dipl. Civil Engg. 01.04.2009
8 Mr. Bihari Darji ITI Electronics 20.04.2009
9 Mr. Pritesh Chauhan DCE 01.05.2009
10 Mr. Jayesh Parmar DEC 01.05.2009
11 Mr. Darshit Modi DEC 04.05.2009
12 Mr. Suresh Thadani BE(EC) 13.07.2012
13 Mr. Paresh Paradia DEE 16.10.2012

Administrative Staff:

1. Mr. P. H. Charan, Accounts Officer since 28.08.2010
2. Mr. Giriraj Chavda, Accountant since 06.11.2009
3. Mr. Mitesh Lakhwara, Clerk since 01.8.2012

Indian Soc. Earthq. Sc. Staff:

4. Mr. Ramnik Lal Suchak, Office Suptd. with ISES

Distinguished Visiting Professor:

1. Padmasri K.S. Valdiya, Hon. Prof., Jawaharlal Nehru Centre for Advanced Scientific Research, 
Bangalore
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Visiting Professor:

1. Dr. JR Kayal, Former Addl. Director General Geological Survey of India

2. Prof. V.C. Thakur, Former Director Wadia Institute of Himalayan Geology, Dehradun

3. Dr. S.K. Biswas, Ex-Director KDMIPE, ONGC 

Visiting Scientist:

• Shri R.K. Singh 

Consultant:

• Shri NK Das, formerly Director Geological Survey of India 

Staff Posted in Kachchh

Sr.
No.

Name
Date of Birth Educational

Qualification
Date of 
Joining

Designation

1 Mr. Shivrajsinh Jadeja, 
Bhachau

10.06.1975 8th Pass 01.08.2007 LA

2 Mr. Jayendra V. Jadeja, 
Vamka

14.01.1985 12th passed,
Computer
Knowledge

12.02.2009 LA

3 Mr. Harpal Singh, 
Vamka

03.08.1981 B.A., LLB 2010 LA

4 Mr. Vimal A.Parmar, 
Badargadh

26.05.1984 Diploma in 
Electrical, 2005

12.02.2009 TA

5 Mr. Imran Ghanchi 
Desalpar

02.09.1986 B.Sc.(IT), 2008 12.02.2009 TA

6 Mr. Rajesh Gusai, 
Desalpar

17.01.1992 SSC,
ITI(Computers)

01.07.2011 LA

7 Shri Bagirath, 
Badargadh

18/07/1985 ITI (Electrical) 01/10/2013 LA

8 Ganubha Tapubha 
Jadeja, Desalpar

01/05/1994 ITI Diploma, 
Computer

06/02/2014 LA

12.10 LIST OF STAFF THAT RESIGNED FRO M  ISR  DURING 2013 

Scientific Staff who resigned

Sn Name Post PG PG yr Joining
1 Miss Purnima.S. Singh Geologist M.Sc. Geol, MSU 2012

DoJ: 20.8.2012 
DoR: 10.1.2013

2 Ms. Sunita Raika
Geophysicist

M.Tech. (Appl. Geoph.) 2010 DoJ: 03.09.2010 
DoR: 08.02.2013
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3 Ms. Ranjana Naorem
Geophysicist M.Sc. Earth Sc, Manipur 2009

DoJ: 30.01.2010 
DoR: 14.03.2013

4 Miss Meenakshi Rawat
Geologist

B.Tech. (Geosciences) 
Uni. of Petro. and Energy 
Stud., Dehradun

2011 DoJ: 04.07.2012 
DoR: 08.07.2013

5 Mr. Dilip Kumar Haldar RA, ISRO-3 M.Sc. Phys. Kolkata 
Univ.

2007 DoJ: 01.10.2012 
DoR: 31.12.2013

6 Mr. Nagabhushan Rao
Geophysicist M.Sc. Phys. 2007

DoJ: 01.04.2010 
DoR: 02.01.2014

JR F  who resigned

Sn Name PG PG yr Joining

1 Ms. Jayashree Bannerjee M.Sc. Geophy 
ISM, Dhanbad

2012 DoJ: 10.06.2012 
DoR: 20.02.2013

2 Mr. Kuntal Bhukta M.Sc. App. Geophy., ISM 
Dhanbad

2012 DoJ: 03.09.2012 
DoR: 20.02.2013

3 Mr. Gajendra Prasad M.Sc. App. Geophy 
ISM, Dhanbad

2012 DoJ: 30.06.2012 
DoR: 01.05.2013

4 Ms. Kavita Rani M.Tech. Appl. Geophy 
Kurukshetra

2011 DoJ: 28.09.2011 
DoR: 01.05.2013

5 Ms. Sunita Sahoo M.Sc. Geophy Berhampur 2012 DoJ: 02.04.2012 
DoR: 24.07.2013

6 Ms. Sikha Swarupa Mishra M.Sc. Geophy Berhampur 2012 DoJ: 02.04.2012 
DoR: 24.07.2013

7 Ms. Swagatika Dash M.Sc. Geophy, Berhampur 2012 DoJ: 02.04.2012 
DoR: 14.08.2013

8 Mr. Sohan lal M.Tech. Appl. Geophy 
Kurukshetra

2012 DoJ: 04.01.2013 
DoR: 26.08.2013

9 Mr. Om Prakash Goswami M.Sc. (Tech.), Applied 
Geophysics, ISM

2013 DoJ: 29.06.2013 
DoR: 16.09.2013

10 Ms. Parnavi Prajapati M.Sc. Geology, M.G. Sci., 
A'bad

2012 DoJ: 18.09.2012 
DoR: 19.09.2013

11 Mr. Abhay Kumar Bharti M.Sc. Tech. Applied 
Geophy., ISM

2013 DoJ: 18.06.2013 
DoR: 28.01.2014

12 Mr. Auchitya Kumar 
Pandey

M.Sc. Tech. Applied 
Geophy., ISM

2013 DoJ: 18.06.2013 
DoR: 28.01.2014

13 Mr. Piyush Priyam M.Sc. Tech. Applied 
Geophy., ISM

2013 DoJ: 11.07.2013 
DoR: 28.01.2014

Technical Staff who resigned
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1. Gaurav Parmar, DCE, 10.03.2008, DoR: 12.06.2013

2. Darji, Lab Assistant, Badargadh, DoR: 31.09.2013 

Administrative Staff who resigned

1. Mr. Utpal Bhatt, PA to DG, DoR: 31.12.2013

2. Mr. Chirag Chavda, Librarian (21.05.2012, DoR: 09.09.2013)

3. Mr. Jitendrasinh Chavda, Sr.Clerk, DoR: 06.10.2013

STAFF SALARIES

Post
GoG, Sc. Regular Sc D,C, B (Old CSIR Scales) 12 9
n Sr. Geophys/Geol. Rs. 15,000 5 2
n Geophsicist Rs. 14,000 10 3
n Jr. Geophys/ Geol Rs. 12,000 5 2
Project Sc, RA 8

Total Sc. 24
GoG JRF Rs. 8000 10 6
Projects JRF Rs. 12,000-Rs. 16,000 11

Total JRF 17

Scientists (Total 33)

Regular 12 

GoG 10

Projects 11 

JRF (Total 13)

GoG 6

Projects 7

NEW APPROVALS GoG

1. Sc D (1): Rs. 50,000/-

2. Sr. Geophys. (1): Rs. 36,500/-

3. Geologist/Geophys. (5): Rs. 24,500/-
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B U D G E T , P R O JE C T S  A N D  FU N D S

CHAPTER 13

Details of Funds received during Financial Y ear 2013-2014

S r .

N o .
F u n d i n g  A g e n c y P r o j e c t  N a m e A m o u n t  R s .

G u j a r a t  S t a t e

1

S c i e n c e  &  T e c h n o l o g y  

D e p a r t m e n t  ( G o G )
G o v t .  o f  G u j a r a t  -  N o n  P l a n 9 0 , 0 0 , 0 0 0

2
S c i e n c e  &  T e c h n o l o g y  

D e p a r t m e n t  ( G o G )
G o v t .  o f  G u j a r a t  -  P l a n 1 8 , 5 3 ,  0 0 , 0 0 0

3
G u j a r a t  S t a t e  D i s a s t e r  

M a n a g e m e n t  A u t h o r i t y
C o r p u s  F u n d  ( I n t e r e s t ) 1 , 4 8 , 9 6 , 0 0 0

4
S a r d a r  S a r o v a r  N a r m a d a  

N i g a m  L t d

U p g r a d a t i o n  o f S e i s m i c  N e t w o r k  o f  

S a r d a r  S a r o v a r  P r o j e c t
1 , 5 0 , 4 4 , 9 5 0

* 5 G u j a r a t  P o w e r  C o r p o r a t i o n  L t d

M a g n e t o t e l l u r i c  s u r v e y  t o  i d e n t i f y  

G e o t h e r m a l  S o u r c e s  Z o n e s  a t  s e l e c t e d  

S p r i n g  s i t e s  i n  G u j a r a t

1 1 , 7 6 , 3 9 0

S u b  t o t a l 2 5 , 7 9 , 6 0 , 3 4 0

G o v t .  o f  I n d i a

0 6
S p a c e  A p p l i c a t i o n  C e n t r e  

( I S R O ) ,  D e p a r t m e n t  o f  S p a c e

S u r f a c e  D e f o r m a t i o n  M a p p i n g  u s i n g  

D i f f e r e n t i a l  S A R  I n t e r f e r m e t r y  a n d  

E a r t h q u a k e  P r e c u r s o r y  s t u d i e s  i n  

K a c h c h h  ( I S R O  1 )

7 , 9 1 , 0 0 0

0 7
S p a c e  A p p l i c a t i o n  C e n t r e  

( I S R O ) ,  D e p a r t m e n t  o f  S p a c e

D e v e l o p m e n t  o f  a  C a l - V a l  s i t e  a t  

D e s a l p a r  i n  R a n n  o f  K u t c h  f o r  L a n d  

a n d  A t m o s p h e r e  ( I S R O  2 )

2 2 , 6 0 , 0 0 0

0 8
S p a c e  A p p l i c a t i o n  C e n t r e  

( I S R O ) ,  D e p a r t m e n t  o f  S p a c e

D e v e l o p m e n t  o f  a  M u l t i - c r i t e r i a  

M o d e l  t o  A s s e s s i n g  t h e  i m p a c t  o f  

E a r t h q u a k e  o n  H u m a n  s e t t l e m e n t

2 , 8 3 , 3 9 1 . 0 0
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(ISRO 3)

*9 Ministry of Science & 
Technology

Probabilistic Analysis of Seismic 
Losses for Urban Areas and Lifeline 
Networks in Kachchh (Gujarat), India 
(Indo-German Project)

PI: Dr. Kapil Mohan

2,35,000

10
Department of Science & 
Technology

Morphotectonic and Geological 
Investigation of Inner Kumaun Lesser 
Himalaya, Uttarakhand: Constraints 
on Neotectonic Evolutions (Fast 
Track 1)

PI: Dr. Girish Chandra Kothyari

4,00,000

*11
Department of Science & 
Technology

Identification of progressively 
growing crustal strain zones along 
MCT in Uttarakhand Himalaya, 
Using GPS geodesy (Fast Track 2) 
PI: Dr. Rakesh Dumka

7,50,000

*12
Department of Science & 
Technology

Aggradational-Incisional phases in 
the fluvial sequences of southn 
Saurashtra: Implications of sea 
level/tectonic forcings during the Late 
Quaternary

PI: Dr. Sidhartha Prizomwala 

(Sanctioned amount: 24,20,000)

10,00,000

Foreign Funding Agency

13 Department of Geoscience, 
University of Trieste, Italy

Definition of seismic and tsunami 
hazard scenarios by means of Indo- 
European e-infrastrucres (Indo- 
European Project)

7,34,838

14 Department of Science & 
Technology

“3-D surface wave group velocity 
distribution and Attenuation 
structures for Gujarat”

PI: - Dr. Ajay P ratap  singh

(Sanctioned amount: 16,80,000)

*NEW PRO JECTS
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1. “Probabilistic Analysis of Seismic Losses for Urban Areas and Lifeline Networks In 
Kachchh (Gujarat), India” , Participants and PI from ISR :-Dr. B.K. Rastogi, Director 
General, Dr. Kapil M ohan, Sci-C, Peush Chaudhary, JRF. Participants from Germany: 
Prof. Friedem ann Wenzel, Director Krlsruhe Inst. Tech, Vladimir Sokolov and James 
Daniell

2. “Identification of progressively growing crustal strain zones along MCT in Uttarakhand Himalaya, 
Using GPS geodesy” (Fast Track project through DST, New Delhi) PI: Dr. Rakesh Dumka

3. “3-D surface wave group velocity distribution and Attenuation structures for Gujarat” (Fast 
Track project through DST, New Delhi) PI: - Dr. A. P. Singh.

4. “Aggradational -  incisional phases in the Fluvial sequences of southern Saurashtra: 
Impllication of Sea level/Techtonic forcings during the Late Quaternary” (Fast Track project 
through DST, New Delhi), PI: - Dr. S iddharth Pravinbhai Prizomwala.

5. “Development of earthquake early warning system for Kachchh Region of Gujarat. 
India”-Taiwan project approved by Government of India, Department of science and 
technology PI:- Santosh Kumar

6 . “Full 3-D waveform tomography and Lg attenuation for Kachchh, Gujarat, India”, India- 
Taiwan project approved by Government of India, Department of science and technology,
PI:- Dr. A.P.Singh

7. GPS & GAGAN/IRNSS data analysis for Intra-Plate Geodynamic Profiling in Active 
Seismic Zone, between National Remote Sensing Centre, Space Applications Centre ad 
Institute of Seismological Research, Dr. Rakesh K. Dum ka and B.K. Rastogi (ISR Team 
and PI), Dr. Sreejith, K.M., Shri Ritesh Agarwal, Shri Hrishikesh Kumar and Dr. A.S. 
Rajawat (SAC Team and PI), Dr. S. M uralikrishnan, P. Krishnaiah, J. Narendran and Dr.
K. Vinod Kumar, Dr. John Mathew and Mr. Ritwik Majumdar (NRSC team & PI)

CONTINUING EXTERNAL PROJECTS 
ISRO 1,2,3, Fast Track Project 1
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IN S T R U M E N T S  /  C O M P U T E R S/ A C C E S S O R IE S  A N D  S O F T W A R E  P R O C U R E D

CHAPTER 14

❖  Computers/ Softwares procured during 2013

Sr.
No

Item Supplier Qty am ount Project

1 Dell Desktop Shrusti
Marketing

2 Rs. 67,000/- CALVAL

2 Dell Desktop Beget
Computers

3 Rs. 1,03,500/- GOG Plan

3 HP Compaq Desktop Data Tech 
Computers

5 Rs. 1,64,895/- Italy Project

4 HP Compaq HP 
Compaq desktop

Data Tech 
Computers

2 Rs. 65,958/- CALVAL 
( ISRO)

5 HP Probook 4430S 
Laptop

Data Tech 
Computers

3 Rs. 1,19,227/- SSNNL

6 HP Probook 4441S 
Laptop

Data Tech 
Computers

1 Rs. 63,226/- GOG Plan

Total Rs.

❖  Instrument Procured:- List of instrument purchased during 2013

Party Name Instrument Qty
Foreign

currency

INR + Custom 
+ Shipping 

Charge

Total
Amount

Project

Satish Dynamo 12 V , 100 
Ah, SMF 
Battery

4 Rs, 34,912/- GOI-5
(MT)

Dr. Simon Andras Electrode 5 ( 465.50 Rs. 35,385/- + Rs. 38, 976/- MOES-5
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Geophysicist,
Entrepreneur

Euro) Rs. 3591/-

Dr. Simon Andras 
Geophysicist , 
Entrepreneur

Electrode 4 ( 389 Euro) Rs. 33,500/- + 
Rs. 3475/-

Rs. 36,975/- Geothermal

Schlumberger 
Italiana SPA 
Western Geco

Winglink
Software

1 15,786.25
(USD)

Rs. 9,65,556/- Corpus
Fund

Polar
International

12 V 100 
Ah Battery

50 Rs. 3,21,475/- GOG Plan

Total Rs.
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SEM IN A R S, SYM P O SIA , S P E C IA L  E V E N T S  O R G A N ISED

CHAPTER 15

D ates Event

1 Jan 8-13, 2013 Display of ISR stall in the exhibition for 6th Vibrant 
Gujarat Summit

2 Jan 8-11, 2013 Participation in ICAI Conference at PDPU during the 6th Vibrant 
Gujarat Summit

3 18.2.2013 ISR Annual Sports Day was celebrated on the occasion of 
150th Birth anniversary of Swami Vivekanad who preached that 
healthy mind resides in a healthy body.

4 January 4-6, 2014 3rd Annual Convention “Advances in Earthquake 
Science” (AES-2014) and Workshop on “Seismic 
Hazard And Microzonation”

5 Oct 19-20, 2013 Display of ISR posters, live earthquake data and videos of tsunami 
propagation and earthquake knowledge in Amalthea 2013,
IIT Gandhinagar, had about 5000 footfalls

6 Feb. 21-23 2014 Display of ISR posters, live earthquake data and videos of tsunami 
propagation and earthquake knowledge in Footprints 2014, 
Faculty of Technology and Engineering , M.S. University, Baroda

7 Feb. 28- March 6, 
2014

Display of ISR posters, live earthquake data and videos of tsunami 
propagation and earthquake knowledge in Science Carnival 2014 
held at Science City, Over 25,000 students visited ISR Stall

8
March 18-30, 2014 National Training Course on magnetotelluric method by Mr. Ulrich 

Matzander , Manager Geophysics Application, Metronix, Germany.

9 29.3.2014 1-day Workshop on “Engineering Seismology”

15.1 Display of ISR stall in the exhibition for 6th V ibrant G u jara t Summit, Jan  
8-13, 2013

15.2 Participation in ICAI Conference at PDPU during the 6th V ibrant G u jara t 
Summit, 8-11 Jan  2013

15.3 ISR Annual Sports Day

ISR Annual Sports Day was celebrated on 18.2.2013 on the occasion of 150th Birth 
anniversary of Swami Vivekanad who preached that healthy mind resides in a healthy body. 
Competitions were held for the following events (No. of Participante more than 60):

1. Cricket
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2. Badminton(Men& Women)
3. Volley Ball
4. Race 100 m (Men)
5. Carrom (Men & Women)
6. Chess

• 22 Players have participated in cricket
• 22 Players have participated in Badminton (Men 16, Women 6)
• 18 Players have participated in Volley Ball
• 12 Players have participated in 100m race
• 24Players have participated in Carrom (Men 14, Women 10)

• 12Players have participated in ChessMedals were given to the winners.
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15.4  The 3rd ANNUAL CONVENTION ON “ADVANCES IN EARTHQUAKE 
SCIENCE” (AES-2014) AND W ORKSHOP ON “SEISM IC HAZARD AND 
M ICROZONATION”, January 4-6, 2014

Institute of Seismological Research (ISR) along with Gujarat Institute of Disaster 
Management (GIDM) and Indian Society of Earthquake Science (ISES) organized the 3rd 
International Convention on “Advances in Earthquake Science (AES-2014)” and Workshop 
on “Seismic Hazard and Microzonation” during January 4-6, 2014. The convention was 
organized to take stock of research in India in the field of Seismology and plan future 
research directions. It was also to promote exchange of ideas amongst the seismologists, 
geologists, earthquake engineers, geotechnical engineers and construction industry in the 
field of seismic hazard assessment.

Some 150 Indian and 5 foreign delegates participated. There were 65% young 
delegates. Some 60 oral and 40 poster papers were presented. Lectures were at three levels: 
sr. scientists delivered keynote lectures reviewing status of different themes, experienced 
scientists presented cutting edge state of the art research, while young scientists presented 
new results.

Shrimati Anandiben Patel, Minister Revenue inaugurated the Convention. Shri S.J. 
Haider, Secretary, DST, Govt. of Gujarat welcomed welcomed her with a bouquet. DG- 
GIDM Dr. P.K. Mishra welcomed the delegates and guests. Honb’le Member NDMA, Prof. 
Harsh Gupta spoke about the activities of NDMA. Dr. Ranjit Bannerji, Principal Secretary & 
CEO GSDMA and Mr. T.P. Singh were also seated on the dais.

During the Plenary Session Walter Mooney of USGS described the effects of recent 
damaging earthquakes of the World and emphasized the idea that large earthquakes occur 
along the margins of intraplate blocks. Antonella Peresan from Trieste University, Italy spoke 
about the advantage of neo-deterministic method (hybrid between probabilistic and 
deterministic methods) of earthquake hazard assessment. Prof. Harsh Gupta spoke about the 
seismic hazard in India. P.K. Mishra gave the details of rehabilitation program after the 2001 
Bhuj earthquake. B. K. Rastogi explained that the cause of large stress and strain 
accumulation in Kachchh is due to high density intrusive bodies. Intraplate regions are 
characterized by assemblage of faults that may have potential of large earthquakes in contrast 
to only one or two faults in plate margins. He further described the macro to micro level 
seismic hazard assessment being done at ISR as follows:

Macro Level: ISR has prepared a Probabilistic Seismic Hazard (PSH) Map of India for BIS. 
Vulnerability Assessment of Ports and installations in Coastal Gujarat has been worked out. 
ISR is participating in global efforts of seismic hazard assessment viz. (i) Global Earthquake 
Model (with Italy and Germany) (ii) Seismic & Tsunami hazard using EU-India e- 
Infrastructure (with Italy) using Grid & cloud computing.

Seismic Microzonation: Seismic microzonation is a rigorous process involving several types 
of seismic, geophysical, geological and geotechnical investigations for advising seismic 
coefficient for the area, amplification due to soil for different heights of buildings and ground
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conditioning methods to safeguard against liquefaction. A well-equipped geotechnical lab has 
been established at ISR for soil testing. For seismic microzonation various geophysical 
surveys are carried out to determine depth of bedrock, faults, and different layers of soil and 
shear wave velocity.

ISR has done seismic microzonation studies at Gandhidham-Kandla-Anjar area (with Oyo 
Intl. Corp. and for GSDMA), Dholera Spl. Investment Region, Ahmedabad and Gandhinagar. 
Surat & Bharuch have been taken up in collaboration with Geological Survey of India.

Seismic Hazard Assessment, Project Specific: Cluster of sky scrapers of Guj. Intl. Finance 
Tec City, 182 m high Sardar Patel Statue, LNG Terminal (Mundra), Nuclear Power Plants, 13 
storey V S Hospital, Ahmedabad.

Theme-wise Details of the Convention on “Advances in E arthquake Science”

1. Earthquake Precursors and Prediction Studies: some papers on multi-sensor 
measurements and satellite data demonstrated the promising role of non-seism ological 
parameters in earthquake forecasting programs. Dr. T. Harinarayana informed that boundaries 
of low to high resistive zones and if fluid-filled at depth may be favorable locales of 
earthquakes.

2. Lithospheric Structure: Some results on the continental lithosphere and state of the mantle 
transition zone were presented which were based on high quality data from dense 
observational networks coupled with enhanced computational power. Walter Mooney of 
USGS explained that the leading edges of stable regions are more prone for earthquakes.
3. Seismic Hazard Assessment and Engineering Seismology: The Session addressed to 
seismologists, engineers and stake-holders, and aimed to contribute bridging modern 
interdisciplinary research and end-users, who have to cope with the problems of the seismic 
risk management and earthquake disasters preparedness. Contributions were presented on 
advanced tools for seismic hazard assessment at local scale, particularly on the following 
topics of (i) Site effects characterization (ii) Ground motion modeling (iii) Models validation 
against available data (iv)Source characterization and simulation (v) Seismic input definition 
for special infrastructures.

Important points which emerged on the topic are as follows:
Classical statistical approaches to seismic hazard assessment (SHA) clearly demonstrated 
their limits for most of the recent destructive earthquakes worldwide, particularly severe 
when dealing with the specific sites of critical structures (e.g. Fukushima NPP) and with the 
protection of cultural heritage, where it is necessary to cope with hazard for extremely long 
time intervals. Extrapolating ground motion with an infinitely long return period from a few 
hundred years of the available earthquake catalogues, in fact, may turn out to be a purely 
numerical exercise with no connection with reality. Moreover the empirical attenuation 
models may be unable to account for the complexity of the medium and of the seismic 
sources, and are often weakly constrained by the available observations. The recent
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introduction o f  the N ex t G eneration Attenuation (N G A ) m ay not be able to rem ove the 

problem  as it in vo lves strong sim plifications that can be totally inadequate, in particular w hen  
dealing w ith the com plex geologica l structures w hich  are present, as a rule, in active 
deform ation areas.

N ow adays it is recognized by the engineering com m unity that a single hazard map cannot 
m eet all the requirements from different end-users and that peak ground acceleration (PG A ) 
estim ates alone are not sufficient for the adequate design o f special buildings and 
infrastructures. D isplacem ents, in fact, m ay play a critical role in the design o f  seism ically  
isolated structure, w hereas for structures o f  considerable linear d im ensions (e.g. bridges and 
also som e buildings) it is necessary to account for the possib le asynchronous ground m otion  

along the base o f  the structure. Finally, the dynam ical analysis o f  the structure response  
requires com plete and reliable tim e series o f  ground m otion. Therefore advanced and 
appropriate estim ates o f the seism ic hazard, capable o f properly accounting for the local 
am plifications o f ground shaking (w ith respect to bedrock), as w ell as for the fault properties 
(e.g. directivity) and the near-fault effects, are a pressing need for adequate design and urban 
planning. The new  approaches m ust have an anticipatory perspective and m ust include a 
schem e for assessing  uncertainties and perform ances.

4. Real-time Seismology and Seismicity Studies: Shamita D as o f  Oxford demonstrated that a 

portion o f  Kunlun fault ruptured at a super speed during the earthquake o f  2001 M w  7.8  
causing high hazard potential. She listed several m ega faults w ith  large straight lengths w hich  
m ay have high hazard. J.R. Kayal stressed on possib ility  o f  a future large earthquake along  
K opili fault in A ssam  and explained the cause o f  deeper crustal earthquakes in Himalaya.

5. N eotectonics: T ectonic geom orphology, P a leoseism ology , Seism otectonics. Javed M alik  
presented approximate dates o f pre-historic earthquakes along K achchh M ainland fault, 
Katrol H ill fault and A llah Bund fault. R astogi, Kothyari and Falguni presented active fault 
investigations along K achchh M ainland, South W agad and Gedi faults in Kachchh.

W orkshop on “Seismic H azard and M icrozonation”

In Seism ic M icrozonation, the spatial variation o f  the subsurface response to a typical 
earthquake that can be expected in the area gets quantified. The output o f the exercise could  
be used for planning and execution  o f the m anagem ent and m itigation o f the seism ic disaster 
and dam age in the area. Seism ic M icrozonation studies have been carried out in several areas 
o f  Gujarat such as Gandhidham, Dholera Special Investm ent R egion  (D SIR ), Gandhinagar, 
Ahmedabad, Bharuch and Surat. There are m any m ore studies carried out across India such 
as in the cities o f  D elh i, Guwahati, Jabalpur, Kolkata, Bengaluru and Lucknow. D esp ite  
num erous concluded studies or in final stages o f com pletion, none o f them has culm inated in 
an executable engineering report for urban planning norms or revised seism ic design  
parameters in building byelaw s.

The salient topics o f d iscussion  were: (a) Probabilistic vs. D eterm inistic m ethods for seism ic  
hazard estim ation (b) Current m ethodologies o f  Seism ic M icrozonation being practiced in
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India / abroad and discussion on building a consensus on standardization of methodology for 
Microzonation in the Country.

Im portance of Seismic M icrozonation at national level was em phasized and use of 
determ inistic m ethod in seismic hazard assessm ent was recom m ended. Methods and 
ideas of new  m aterials w ere presented for earthquake resistan t construction at low 
cost. Italian Prof. Antonella Peresan rem arked tha t “I am am azed by the am ount of 
research activities carried out by ISR and different groups of India on Seismic Hazard 
assessm ent a t different scales, from national scale to microzoning. There is need for a 
close interaction betw een scientists, engineers and builders. I believe th a t Gujarat could 
have a leading role in prom oting the interaction betw een seismologists and engineers, 
thanks to the scientific expertise available at ISR and in view of the rapid developm ent 
and urbanization of the region.”
AES 2014 Photographs

199



ooz



201



202



Co™e to
Seismic MicroIonaH0tr

Annual Convent!

Advances in
Earthquake
Science
'  *  w noarv t « u

203



[tuiuu

CU|A£AT*£

W elc ome to”*0 rk s hop

Seismic Microzonation"

Annual Convention

Advances in
Earthquake
Science
4-b January 2014

£ 2 5 ?
vseismicPMcrozonitm

Annual convention

Advances in
earthquake
Science
< « Janodn 1011

204



205



206



15.5 Participation in IITgn Exhibition

Display of ISR posters, live earthquake data and videos of tsunami propagation and 
earthquake knowledge in Amalthea 2013, IIT Gandhinagar, Oct 19-20, 2013 had about 5000 
footfalls

15.6 M T Training Course at ISR

Training Course on magnetotelluric method by Mr. Ulrich Matzander , Manager Geophysics 
Application, Metronix, Germany. Participants from ISR, Krukshetra Univ. (Mr. Sushil Kumar), IITb 
Prof. E. Chandrasekhar) and NGRI (Dr. Ajay Manglik and Dr Thiagrajan), March 18-30, 2014

Comment from  one of the participants

Respected Sir,
I  w o u l d  l i k e  t o  t a k e  t h i s  o p p e r t u n i t y  t o  t h a n k  y o u  a n d  y o u r  t e a m  f o r  o r g a n i s i n g  s u c h  a  

b e n e f i c i a l  t r a i n i n g  i n  M a g n e t o t e l l u r i c  f o r  a l l  t h e  p a r t i c i p a n t s .  I t  i s  s u r e l y  g o i n g  t o  a d d  v a l u e  a n d  w i l l  

h e l p  u s  t o  u n d e r s t a n d  n e w  t h i n g s  i n  a  b e t t e r  w a y .  I  w o u l d  a p p r i c i a t e  y o u r  h o s p i t a l i t y  a n d  t h a n k s  o n c e  

a g a i n  f o r  g i v i n g  u s  w a r m  a n d  g e n e r o u s  w e l c o m e .

With Regards 
Sushil Kumar
Assistant Professor, Department of Geophysics
Kurukshetra University, Kurukshetra -136 119 (Haryana) India
Mobile:+91-8529777861

15.7 1-day W orkshop on “Engineering Seismology”, 29.3.2014
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Some 180 students and faculty of 13 Civil Engineering Departments were delegates. The 
workshop was divided into the following three sessions:

1st session had four review presentations:

(i) Mr. Santosh Kumar - Seismology and Seismicity Monitoring

(ii) Prof. B.K. Rastogi - Seismic hazard analysis and seismic microzonation

(iii) Prof. C.S. Sanghvi, LD Engg. College -  Challenges in Earthquake Engineering

(iv) Prof. V. M. Patel -  Design Parameters and Construction Practices

2nd session consisted of four presentations by ISR on geotechnical and geophysical 
investigations for seismic hazard assessment as follows:

(i) M r. Vasu Pancholi -Geotechnical Characterization of soil

(ii) Ms. V andana Patel “Measuring Vs-30 for Different Sites of Gujarat using 
Multichannel Analysis of Surface Waves (MASW) & PS Logging Suspension 
Methods”

(iii) Dr. G.C. K othyari “Ground Penetrating Radar surveys for shallow sub-surface 
characterization”

(iv) Dr. A.P. Singh “Microtremor surveys for depths and velocities of deep sub
surface layers”

3rd session consisted of vist to geotechnical lab and data center as well as field demo of 
GPR, seismic survey, PS -  Logging and Microtremor Array measurements.

Certificates were presented to the delegates in the concluding session.

Participants of the workshop institute wise:

Name of Institute No. of participants
Pt Deendayal Petroleum University (PDPU) 2
Lalbhai Dalpatram College of Engineering (LDCE) 14
Govt Engg College (GEC), MODASA 1
HASMUKH GOSWAMI College of Engineering 5
Govt Engg College (GEC), Bhavnagar 1
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Sree Saraswati Education Sansthan Group of Institute (SSESGI), Rajpur 26
Kalol Inst of Tech and Res Centre (KIRC), Kalol 5
Gandhinagar Inst of Tech (GIT),MOTI BHOYAN 1
SILVER OAK College of Eng and Tech 2
Maharaja Sayajirao University (MSU) 1
Leelaben Dashrathbhai Ramdas Patel (LDRP) Institute of Technology 
and Research 12
Dharmsinh Desai University (DDU), Nadiad 9
Shankersinh Vaghela Bapu Institute of Technology (SVBIT) 81+ 7(Faculty)=88
Institute of Seismological Research (ISR) 13
Total : 14 180

Photographs of 1-day w orkshop on “Engineering Seismology”
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