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Preface

Based on the geotectonic features, history of past seismic events and potential hazards from
earthquakes, the entire northeastern region of India has been included in the severe seismic Zone V
of BIS code. At least a dozen mega earthquakes of more than 7 in the Richter scale had devastated
the region during the past eleven and half decades and at least two of them - the great Shillong
earthquake of 1897 and the Assam earthquake of 1950, both recorded 8.7 in the Richter scale,
are considered among the most severe earthquakes anywhere in the world. Scientists have been
warning of the recurrence of such extreme events anytime now as the ‘return periods’ of such mega
shakes are stated to have become long overdue.

Dr. Roger Bilham of the University of Colorado, one of the most respected seismologists, had
this to say to warn the policy makers in 2006:

“Our fndings show that great earthquakes - those with a magnitude of 8.2 or greater - can
re-rupture Himalayan regions that already have ruptured in recent smaller earthquakes,
or those with a magnitude of 7.8 or below. The current conditions might trigger at least
four earthquakes greater than 8.0 magnitude, but if they delay, the strain accumulated
during the centuries provokes more catastrophic mega earthquakes”.

Dr. Harsh Gupta, former Director of National Geophysical Research Institute, Hyderabad and
another globally acclaimed geophysicist was more specifc in his prediction in 1986, which in fact
was vindicated by the 7.5 earthquake in Indo-Myanmar border on 6 August 1988.

“Moderate magnitude to great earthquakes in the northeast India region is found to
be preceded, generally, by well defned earthquake swarms and quiescence periods. On
the basis of earthquake swarm and quiescence period, an area bound by 21 deg N and
25 Y2 deg N latitude and 93 deg E and 96 deg E longitude is identifed to be the site of
a possible future earthquake of M 8 + 1- % with a focal depth of 100 +/- 40 km. This
earthquake should occur any time from now onwards.”

If the policy makers and administrators at the national, state and local levels ignore such specifc
advisories from the most credible sources and fail to take necessary measures for mitigation and
preparedness for such catastrophic events, the blame would lie squarely on them.



In order to sensitize the policy makers of the North Eastern region about the natural ‘time
bomb’ on which the geology, geomorphology and geography of the region are embedded, the
National Institute of Disaster Management, in collaboration with the National Disaster Management
Authority, the North Eastern Council and the Government of Assam have organized a National
Workshop on Earthquake Risk Mitigation Strategy in Guwahati on 24-25 February 2011. This
workshop would bring together some of the most reputed experts who have devoted their life and
career in understanding the hazards of earthquakes in the region to interact with the policy makers,
jointly identify the strategic issues and develop a road map for earthquake risk mitigation and
preparedness for the region.

Thispublicationintroduces some of the scientifc, historical, social, economic and developmental
issues that should inform and guide the deliberations in the workshop.

Q val;
e
P.G.Dhar Chakrabarti

Executive Director
National Institute of Disaster Management
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HiRNRiniNn

[ am glad to know that the National Institute of Disaster Management
(NIDM) is organizing a National Workshop on ‘Earthquake Risk Mitigation
Strategy’ on February 24-25,2011 at Guwahati.

Within a short period the NIDM has emerged as one of our key
institution in the field of disaster management. The NIDM also encourages
inter-disciplinary research on disaster management to enhance regional
cooperation.

[ extend my greetings and good wishes to all those associated with the

NIDM and wish the workshop all success
P re
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February 19, 2011

MESSAGE

I am happy to learn that National Institute of Disaster
Management, in collaboration with the National Disaster Management
Authority, the North Eastern Council and the Government of Assam is
organizing a National Workshop on “Earthquake Risk Mitigation
Strategy in the North East” in Guwahati on 24-25 February 2011. This
is a welcome initiative as this region has witnessed several earthquakes
and the seismologists have been warning of the recurrence of such
earthquakes in future. It is expected that this workshop would bring
together reputed experts on earthquake in the region to interact with
policy makers and administrators and develop a road map for

earthquake risk mitigation and preparedness for the region.

I look forward to the concrete recommendations of the workshop
which would help the Government to take mitigation initiatives to save
the people from any such future disaster. I wish the workshop all
success.

ﬁuiw
(P. Chidambaram)
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Seismic Microzonation of Guwahati Urban Aggglomeration
Vis avis Risk Mitigation

interpretations and borehole data of other agencies have been considered to bridge the gap in
the map.

» Geomorphologically, the Guwahati urban area represents (i) denuded hilly area in the south
and characterized by rocks of high shear wave velocity ( Vs 3800 m/s +). However the top
10 to 15 meter residual soil cover has low shear wave velocity (not identifed) and may cause
impedance contrast (ii) Isolated hillocks protruded through thick alluvium, (iii) fat valley flled
alluvium in the centre (moderate shear wave velocity Vs 300 — 400 m/s) and (iv) low lying
swampy depressions called “bil” in local parlance which is flled with clayey silty sand. The
urban area spreads over both alluvial plain and hillock ranging in elevation from 45m to 150
m m. s. |. Alluvial plain area lies between 45 and 70 m. height and above it the pediment zone
followed by plateau area lying between 70 and 300m a. m. s. |. The low lying bills and ponds
are structurally controlled and encroached by human for habitation and resulting into decrease
in open space and ecological imbalance.

* Prominent litho units of the area belong to two different ages ranging from Pre-Cambrian to
Recent. They are composed of granite, granite gneiss, migmatites etc. With thick sedimentary
cover of quaternary and recent. The occurrence of carbonaceous material (Lignitic) in south
of Kalapahar, Bore hole No. 12) is highly signifcant in context to the stratigraphy of the area
which need to study indetail. Obviously the area is likely to develope high impedance contrast
with varied amplifcation and seismic rigidity.

» Depending upon the variation in composition and texture of rocks, structural disposition, slope
and relief, inselbergs / exotic blocks, terraces can be divided into to subunits viz. low relief
hummocky terrain with deep weathering and distinct intervening valley fats and high relief
hills having defnite crest/ ridge line, steep slopes, *V’ shaped valleys without alluvial flls and
comparatively thin veneer of weathered mantle. The extents of land use pattern on these two
units are markedly different.

» Obviously the inselbergs having high relief with steep slopes and hanging boulders / wedges
on the slopes would cause high degree of hazards although lithologically the area is low hazard
zones. Such areas are marked around north and south of Maligaon particularly around slopes
of Nilachal and Fatasil hills. The occurrences of past landslides (not earthquake induced) from
these areas validate this i. e. moderate to high risk zones within the technically defned low
to moderate risk zones. Under such critical analysis the area with slopes greater than 400 and
having development without judicious protection measures against hazards would be classed
as moderate risk zones.(i.e one level higher than actual)

» The qualitative nature of the results not withstanding, could not be validated for effect of any
past earthquake from the whole area. However, the present exercise could not cover large
area due to lack of data from such area. The shear wave velocities estimated from Hatigarh-
Bamunimaidam area (BH- 16, Vs 288 m/s) is validated for shear wave when correlated with
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observed damage pattern during 6th August, 1988 earthquake (Mb-7.3). The damage has
caused due to high impedance contrast and shallow bedrock level in this locality, besides poor
construction material and aseismic design of the buildings.

The shear wave velocities (Vs30) in eastern part of Maligaon railway colony have been
estimated to be of highest order of 406.89 m/s indicating that this area is among the safest soil
covered localities.(Low hazard risk zone)

Comparatively the western part of Guwahati urban area, which mostly falls under ‘Deepar bil’
regime show relatively higher shear wave velocity ranging from 290.13 to 406 m/s. The North
eastern part of “Deepar bil’ particularly around Maligaon, Sadilapur, Jalukbari and Pandu area
show relatively higher shear wave velocity varying between 295.88 and 406.59 m/s,. In the
central part of Guwahati i.e. around Garchuk, Katabari, Datalpara, Ahomgaon, the shear wave
velocity is found to be high ranging from 303.37 to 361.87 m/s. while in the eastern part of the
urban area around, Bashistha, Khanapara, Panjabari and Noonmati area mostly falling under
“Taper bil’ regime, the shear wave velocity varies from 282.29 to 340.56 m/s.

It is observed that towards ‘small basin’ edges (margins) shear wave velocity is lower than the
central part of the basin suggesting comparatively higher risk zone than the central part of the
basins, this is mainly due to decrease in basement depth resulting into high impedance contrast.
In the central part around Ahomgaon and along the eastern edge of the Fatasil Hill the shear
wave velocity contours show clustering which is due to a fault passing through this area and
sudden change in basement depth (25m to 150 m) within a short distance.

The shear wave velocity (Vs30) contours derived from the different bore hole sites have been
classifed into four ranges viz. High Hazard Zone (Vs30 250-300 m/sec), Moderate Hazard
Zones (Vs30, 301-350 m/sec), Low Hazard Zones (Vs30, 350-400 m/sec) for the soft sediment
horizons i.e. in alluvial zones and moderate to low hazard hilly terrain having high Vs (>3083
m/sec) for the hard rock zones. On the basis of above classifcation the shear wave velocity risk
zones due to earthquake have been demarcated and shear wave velocity map of the area has
been prepared.

In the high velocity zones namely in the hard rock terrains, risk may not be due to ground
amplifcation rather the hill slopes and hanging boulders may cause landslide hazard risk.
The same has been analyzed from landslide hazard zonation map prepared and three landslide
hazard zones have been evaluated. Although there is no record of earthquake induced landslides
in the study area the same can not be ruled out if near sources earthquake occur within
periphery of 100 km as that of 1897. Because the anthropogenic infuence has changed the
geomorphological scenario of the area like that of generation of steep slopes, leaving hanging
and foating boulders along the steep slopes in the area. Obviously the moderately hazard zones
identifed from the landslide hazard zonation studies may behave as high risk zone as evident
from the recent landslide incidences (2004-2008) in Guwahati area.
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* The Predominant Frequency map has been prepared by assuming a two layered subsurface
confguration i.e. soft sedimentary layers overlying the hard basement rock and horizontally
disposed one dimensional medium. However with the addition of accurate close spaced data
may help in preparing much constrained predominant frequency maps.

* On the basis of SPT data, mechanical properties of subsurface soils and ground water depth,
the liquefable horizons (Liquefaction Susceptibility) in the south of the study area have been
mapped. This map signifes that at a particular site, the chances of liquefaction likely to occur
are relatively more because either the ground water condition and liquefaction susceptibility of
the near surface material are more favorable and / or recurrence interval of the optimum strong
motion there is less.

* It has been observed that the area around Azara, Airport, Dharapur, Lankeswar, Sanskrit
College, Maligaon Railway colony, Garhchuk, Ahomgaon and south of Bashistha Chariali are
highly liquefaction potential zone, while around east of Guwahati particularly around Sixmile,
Panjabari, Narengi and south of Kalapahar area, liquefaction potentiality is low. However,
around Bamunimaidam, Ganeshguri, Hengerabari area the liquefaction potentiality is moderate
and depends on ground water level fuctuation.

» The result of this study slightly differ from that of other studies as because we have considered
the actual refusal to penetration (N Value) parameters and hence need to be compared with
closely spaced site specifc response studies and direct shear wave velocity measurements at
close interval.

» This kind of microzonation exercise may be of immense help to all the agencies or individuals
responsible for developmental activities in an area or by maintaining the old structure.
However it is suggested that site specifc data may be used for design and construction as the
interpretation made in this report are based on limited data base.

* In the light of the present study, the concerned authorities are suggested to make use of the
fndings in the design and construction of buildings in the Guwahati urban area and make a
judicious plane for disaster management before knocking the disaster. It is also suggested to
make use of the fndings and bring into the knowledge about any defciency while using the
fndings for further improvement
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Abstract : An attempt has been made in this paper to study the social, economic and
scientifc impacts and other related disaster mitigation aspects with many valuable
lessons learnt from this tragic event of the Great Assam Earthquake of June 12th 1897
which has cost immense lost to both human life and property. The works of Sir R.D.
Oldham the then Director of the Geological Survey of India, who personally studied
its effects, directed and published an extensive, well illustrated monograph of his
observations has been much cited by succeeding generations of Seismologists. From the
various aspects of the disaster pertaining to the 1897 earthquake, numerable lessons are
learnt for preparing and emphasizing the importance of minimizing the losses and focus
on the disaster mitigation process. In this paper, more stress for earthquake disaster

management is made with regards to Shillong city.

Keywords: Earthquake, magnitude, intensity, mitigation

Introduction

The Earthquake of June 12th 1897 holds a special place in the history of Seismology. It is one of
the biggest earthquakes of recorded history and this event laid the foundation of Seismology in
India. The epicentre of the earthquake was near Mendipathar, Meghalaya, and the magnitude of the
earthquake was later established to be 8.7 on the Richter Scale. Sir R.D. Oldham who personally
studied its effects published a monograph which is one of the most valuable source books in
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Seismology. His name has been associated with much pioneering work during the years when
Seismology was passing from the pre-instrumental period into the era of the seismograph.

Thel897 earthquake was particularly destructive, and devastated a huge region of Northeastern
India. Observations that heavy objects such as large boulders had been thrown of the ground were
the frst documented evidence that earthquake ground motions can exceed the force of gravity.

An early description of the earthquake appeared in Nature on 17 June 1897. A note from
Thomas Heath of the Royal Observatory, Edinburgh, on violent oscillations of a pendulum at the
observatory caused by the earthquake, was reported. Further evidence from pendulum records at
the Royal Geodetic Observatory of Rocca di Papa, Rome described by Professor P.Blaserna, was
reported later. The cylindrical seismometer at Shillong indicated that the shock consisted of an
oscillation of 7.4 inches at the rate of 60 times a minute.

This earthquake is not only one of the world’s largest but also one of which a detailed study
was undertaken. The earthquake occurred at about 5:15 PM local time and was responsible for
1542 deaths. Almost total destruction of all brick and stone buildings in all the principal towns
of Assam including, Sylhet, Goalpara, Dhubri, Guwahati and Tura was reported. The region of
greatest intensity embraced about 30,000 square miles. Within this area, there was practically total
destruction of all brick and stone buildings. Within this area of maximum destruction, Oldham
outlined a hat- shaped area of about 11,000 square miles in which there were dislocations of the
ground, changes in position indicated by surveys and vast numbers of aftershocks (Figl). The
intensity of the shock within the epicentral tract was so large that visible waves were seen at a
number of places at Shillong, Nalban and Magaldai. Estimates of the horizontal ground acceleration
at Shillong and Cherrapunjee were 4200mm?/sec and 3000 mm?/sec respectively.

Most of the inhabitants of the epicentral region were out of doors at 5:15 PM, so the death
toll was comparatively small. Many of those killed were crushed by landslips. Serious damage to
buildings occurred in an area of about 150,000 square miles. The total area in which the earthquake
was felt was estimated by Davison as 1,750,000 square miles. The most violent part of the shock
was probably a little less than one minute, with a total duration of perhaps three minutes. People
were thrown to the ground and mauled by the shock: some were thus injured. Near Nongstoin a
splinter of granite 3 feet by 1 foot was thrown 8.5 feet up. Many houses were sunk into the soft soil
until only their roofs were visible. Visible waves on the ground were noted widely. Oldham has
estimated the size of the waves as about 30 feet by 1 foot high. Some 50 miles east of the Chedrang
fault near the town of Bordwar, a fracture of the earth and rock broke open for 7 miles but showed
no displacement. Landslide and destruction of timber near this fracture were great. Landslides
were very common and disastrous in the epicentral region. The hills were stripped bare of their
forest covering by slides for some 20 miles. Fissures in the alluvium were common over an area of
400 miles by 350 miles. Level rice Felds were left in low swells after the passage of the earthquake
waves. Telegraph poles in the alluvium were displaced as much as 15 feet to one side of the general
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line. Earthquake fountains ejected sand to such an extent as to hinder farmers in later cultivation.

Shillong was rebuilt after the earthquake. Now its population has increased substantially. In
1953 it became the head quarters of the seismological service in India till 1957 and now it has an
excellent station. (Richter 1958)

Observations
A few of the eyewitnesses’ accounts reported by Oldham for Shillong, the administrative centre of
Assam at that time are given below.

“Atabout quarter past fve in the afternoon of 12th June 1897, there burst on the western portion
of Assam an earthquake which, for violence and extent, had not been surpassed by any of which we
have historic record. Lasting for about two and a half minutes, it had not ceased at Shillong before
an area of 150,000 square miles had been laid in ruins, all means of communication interrupted,
the hills rent and cast down in landslips and the plains fssured and riddled with vents, from which
sand and water poured out in most astounding quantities; and ten minutes had not elapsed from the
time when Shillong was laid to ruins before about one and three quarter millions of square miles
had felt shock which was everywhere recognised as one quite out of common.” (Oldham, 1899).

On that day Mr and Mrs A.E.Shuttleworth were sitting on the verandah of the Chatgari rest
house waiting for a slight shower to stop. At 5-13 PM, they were suddenly startled by a very vivid
fash of lightning followed by a tremendous crack of thunder. At the same time the bungalow
began to tremble slightly. As the trembling motion began to increase, Mr Shuttleworth cried out
that it was an earthquake. They then saw the earth all round heaving in a most frightful manner.
The earth resemble waves coming from opposite directions and meeting in a great heap and then
falling back: each time the waves seemed to fall back the ground opened slightly, and each time
they met, water and sand were thrown to a height of about 18 inches or so. The shock was so strong
to knock over a couple of elephants they had in the camp with them. His horse too in the stable was
knocked off his legs and his dogs could not stand up in the verandah of the bungalow.

“l was out for a walk at the time. At 5-15 PM... a deep rumbling sound, like near thunder,
commenced...followed immediately by the shock...The ground began to rock violently, and in a
few seconds it was impossible to stand upright, and | had to sit down suddenly on the road...The
feeling was as if the ground was being violently jerked backwards and forwards very rapidly, every
third or forth jerk being greater scope than the immediate ones. The surface of the ground vibrated
visibly in every direction, as if it was made of soft jelly: and long cracks appeared at once along
the road. The school building, which was in sight, began to shake at the frst shock, and large slabs
of plaster fell from the walls at once. A few moments afterwards the whole building was lying bent
and broken on the ground. A pink cloud of plaster and dust was seen hanging over every house in
Shillong at the end of the shock. My impression at the end of the shock was that its duration was
certainly under one minute...subsequent tremors lasted some time...The whole of the damage
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done was completed in the frst 10 or 15 seconds...”(Oldham, 1899).

Assimilar description, like that of Sir R.D.Oldham, of the great earthquake is given in the book
“From Residency To Raj Bhavan — History of the Shillong Government House” by Prof. Imdad
Hussain, retired Professor of History of NEHU, Shillong. He writes that, at the time of the 1897
earthquake, Sir Henry Cotton was the Chief Commissioner and was occupying the Residency.
On 12th of June, Shillong was preparing to celebrate the Golden Jubilee of Queen Victoria and
Lady Cotton had just arrived from England for the occasion. Quoting from the above book, the
description of the earthquake in Shillong:

“Then at about 5:10 in the evening there was a rumbling underground noise followed by a light
tremor. This was followed within seconds by a shock of such intensity that all masonry buildings
were instantly leveled to the ground. The earth trembled so violently that the newly built Catholic
Church and the houses of the priests and nuns on Priests Hill south of the Residency collapsed and
the church bell began to ring on its own, as if warning everyone. The four or fve minutes of that
terrifying noise and shocks seemed an eternity. It became diffcult to walk and those who had gone
to the woods fell, vainly trying to keep themselves upright by clinging from tree to tree. The tennis
courts opened up below the feet of the players and the golfers lay prostrate on the Links.”

Extent of Area affected

The magnitude of the 1897 earthquake was 8.7 and “an area of 150,000 square miles had been
laid in ruins” in modern day Meghalaya and Assam, including the whole of Shillong. The area of
present day Greater Shillong Planning Area is about 174 square kilometers (67 square miles) and
Meghalaya has an area of 22,429 sq.km. (8,657.6 sg. miles). These fgures give us an idea of the
extent of area which may be affected by such large earthquakes. All these Northeastern States are
in Seismic Zone V, the highest seismic prone areas on the Seismic Map of India. Parts of Gujarat
are in the same zone, and the destruction caused by the Bhuj earthquake of 2001 is still fresh in
our minds.

Effects of the earthquake

The great earthquake of 1897 was “an earthquake which, for violence and extent, had not been
surpassed by any of which we have historic record”, and, although the epicentre was near
Mendipathar, ground waves were seen even in Shillong. It was so violent that people were thrown
to the ground, even injuring some. Some domesticated elephants and horses were also knocked
down by the shock and dogs could not stand up on the verandah of cottages. On the slopes of
the Khasi Hills, embedded boulders were thrown out from their original places and projected to
other places. The intensity of the earthquake was such that all were “laid to ruins” in the affected
area; all houses made of brick and stone were almost totally destroyed in all the principal towns
like Shillong, Tura, Guwahati, Goalpara, Dhubri, and Sylhet. Many houses sunk into soft soil,
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due to liquefaction of the soil during the earthquake, with only the roof visible. In the Garo Hills,
although the damage was extensive, yet the damage and loss of lives were less than in the Khasi
Hills because of absence of stone masonry houses. The death toll in the Garo Hills was only 27
while in the Khasi Hills it was over 900.

Landslides occurred on amassive scale, stripping the hills bare of forest for almost 30 kilometres.
Road, rail, and other means of communication were completely disrupted, the ground was fssured
and sand vents appeared. In fact the geography, in the epicentral tract, was changed. Many streams
changed their courses, even the bed of the Brahmaputra was affected, resulting in unprecedented
foods during the same year. There was vertical movement of about 10 metres on either side of the
Chedrang fault running north —south through Mendipathar in Garo Hills. Considerable portion of
the bed of the River Krishnai (Damring) subsided and a lake was also formed. This lake is called
Dekachang and is15km long and 1.5km wide.

Vulnerability

Meghalaya is geologically bounded by some active faults/thrusts — on the North by the Brahmaputra
Fault, on the South by the Dawki Fault, in the East there is the Kopili Fault, while in the West we
have the Jamuna Fault. There are other sub-faults and thrusts also. Besides the great earthquake
of 1897, Meghalaya experienced two other large earthquakes, both of magnitude 7.1; one in 1923
in West Khasi Hills and the other occurred in the year 1930 in the West Garo Hills. Both these
earthquakes caused widespread damage.

The vulnerability and the risk of a disaster in an earthquake has increased manifold due to the
changing topography, rapid development, as well as environmental degradation. In 1853, the combined
population of Khyriem “province’ and Cherra was 32,635. In 1901, the whole of Khasi and Jaintia Hills
had a population of 2,02,250 and Garo Hills had a population of 1,38,274. The population of Greater
Shillong Planning Area, assessed from the 2001 Census, is itself 3,31,373. The growth of population
and the increased building activity have made the Urban Centres very vulnerable to disasters with very
high risk of destruction in a large earthquake. Within the Shillong Municipalty, Ward No.14 and Ward
No.20, that is, Jaiaw Shyiap, Lumpyllun& Jaiaw Pdeng, and Upper Mawprem are the most densely
populated with over 57,000 persons per sg. km. and over 74,000 persons per sq km respectively. The
density of households is also highest in these Wards, the fgures being over 3000 households per sq km.
If an earthquake similar to the 1897 earthquake were to occur today, the loss of human lives would be
many times more than the fgure of 1897, for the entire affected area.

Most of the people were outdoors when the earthquake of 1897 occurred. Therefore, the
casualty was less. Most of the people who lost their lives in the 1897 earthquake were buried in
landslides. However, the Latur earthquake occurred at night and the loss was much more, almost
all of them were buried in the debris of collapsed stone masonry houses, with stone slab roofs.

Inaddition to the earthquake hazard, the risk of disasters due to other hazards like fre, landslides,
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food, cyclones etc, including collapse of man-made structures, have also increased in the Urban
Centres. Some of these may also be initiated by an earthquake.

The task of building up our preparedness to meet any kind of disaster is huge and the degree of
readiness of our response which is to be achieved is clear.

Early warning
“There was a rumbling underground noise followed by a light tremor”. Sir Henry Cotton later
recalled the deafening noise of the earthquake “blended with the cries of terror” which rose all
around. (Cotton-Indian and Home Memoirs).

The children of Bhuj, parading outside on the 26th of January, 2001, did not recognize the
crackling, rumbling, deafening noise of the earthquake on that fateful day. They thought it was a
bomb blast and, therefore, they ran inside the schools and unfortunately the buildings collapsed.

Animal behaviour

Sir Cotton and his wife had just got up on to a buggy when the frst severe tremors were felt. The
frightened horse bolted “like an arrow from a bow” and galloped towards the main gate. Sir Cotton
somehow managed, “more by luck than skill”, to stop the carriage and both he and his wife had a
providential escape. “As | leapt from the trap, | looked back to where Government House had been, and
saw nothing but a great pillar of red dust from earth to heaven”. (Cotton-Indian and Home Memoirs).
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Destruction in Shillong
The Government House was then a building made of stone masonry, with wooden roof truss and
corrugated iron roof sheeting (Photo 1), which was completely destroyed in that earthquake of
1897 (Photo 2). Similarly, the All Saints Church, which was built in a semi-gothic style in stone
masonry with buttresses (Photo 3), also completely collapsed (Photo 4). The Secretariat and other
government buildings were also completely destroyed. In fact, as said earlier, all buildings made
of stone and brick failed miserably during that earthquake of 1897.

Photographs 1 to 4 are taken from the book “From Residency to Raj Bhavan, History of the
Shillong Government House” by Imdad Hussain,2005, Regency Publications, New Delhi.

Mitigation

As per the Census of Housing, GOI, 2001, 15.4% of the houses in Meghalaya are still made of stone
or bricks. One such house in Sohra is shown Photo 5, which appears very vulnerable to earthquakes.
In addition to the 1897 earthquake, we have seen in the 1991 Uttarkashi earthquake, in the 1993 Latur
earthquake and again in the 2005 Kashmir earthquake, the devastation caused and the number of human
lives lost due to collapse of dwellings made of stone. There is an urgent need of retroftting these stone
masonry houses to withstand the impending earthquakes and to mitigate its effects and to save human
lives. Adopting alternate lighter material of construction, like the bamboo, is another option.

Assam-Type houses

The Government House and other buildings were rebuilt adopting timber for the posts, framework
and roof supporting structure, with ekra or reed walls covered by lime plaster (Photo 6 & 7). These
are light, resilient structures and can withstand the forces(\Vertical & Horizontal) of an earthquake
very well, as has been demonstrated by these buildings since the 1897 earthquake. The present
day Deputy Commissioner’s bungalow at Tura (Photo 8), withstood the earthquake of 1897, and
a very old cottage in Laban, Shillong, part of which withstood the same earthquake (Photo 9),
are both timber structures, and bare testimony to their effcacy. Of course, regular maintenance is
required and cross members in walls and roof trusses may be added to increase their resistance to
earthquake forces.

RCC buildings and retrofitting

There were no reinforced cement concrete (RCC) buildings during that 1897 earthquake, but
RCC buildings have withstood the 6th August 1988 earthquake, which was of magnitude 6.6 with
epicentre at 25.13°N & 95.15°E(Manipur-Myanmar border), and no destruction was reported
within Meghalaya. Although the epicenter was in Manipur and the focus of the earthquake was
about 100 km deep, yet the earth shook quite violently in Shillong and the fact that RCC structures
withstood the forces of this earthquake admirably, gives confdence in such construction. However,
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as recommended by the National Disaster Management Authority (NDMA), structural safety audit
of all RCC buildings having 5 or more storeys should be conducted and retroftted if necessary.
Structural safety audit has to be carried out also for all schools and colleges, hospitals, the State
Secretariat and the Offces of the Deputy Commissioners, power plants & water works, dams and
bridges, and other important structures. The task is huge and a lot of trained manpower will be
necessary, along with specifc testing equipments, for assessing the structural safety of buildings
and, thereafter, to carry out strengthening works wherever required. This is a highly technical
job and sophisticated tools and machinery, technical know-how, and special materials will be
required.

Non-structural Mitigation

There is likely to be considerable damage to furniture in a Class IX MSK Intensity earthquake.
Lot of injuries are inficted, even deaths occur, by falling heavy objects. Therefore, tall, heavy
cupboards should be properly fxed to the walls, and heavy objects should be removed from the
upper shelves, especially there should be nothing on the shelf over our beds. Large picture frames,
mirrors, blackboards, water heaters, bookracks in libraries, etc, should also be Fxed securely to the
wall. In fact all objects likely to fall, during the vibration of an earthquake, and harm the residents
should be fastened properly and restrained from falling.

Other effects of 1897 Earthquake in Shillong

The description of other effects of that great earthquake in and around Shillong, given by
Hussain(2005) in the book “From Residency to Raj Bhavan”, besides destruction of the Government
House itself, the Government Press, offcial residences, the jail and the bazaar, are :

(i) The embankment of the Ward’s Lake broke and the water gushed down the ravine to the Wah
Umkhrah, destroying the iron bridge to the Polo Grounds. Fortunately, there were no settlements
downstream of the dam at that time. Now, if the dam were to break in an earthquake there will
be no time to give any advance warning to the residents of the area. The structural safety of the
dam has to be checked, if necessary by modeling. The iron bridge has since been replaced by
a R.C.C. bridge, but the Wah Umkhrah needs to be cleaned, deepened and widened, with high
walls on both banks to increase its water carrying capacity.

(if) The road to Cherrapunjee beyond Upper Shillong collapsed, and that to Gauhati was blocked by
landslides and made impassable by wide fssures. Bull Dozers and other earth moving equipment
and some Bailey Bridge units have to be stored at strategic locations, in case of such an eventuality
due to an earthquake today, so that communication may be restored at the shortest possible time.

(iii) The water supply broke down and cholera broke out in Mawkhar and adjoining areas. The problem
today will be on a much larger scale if history were to repeat itself. Alternate water sources
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shall have to be identifed and pre-disaster contract shall have to be made with private suppliers.
Existing springs and streams, which are presently water sources, shall have to be protected.

Response, Rescue and Relief in Shillong

The then Deputy Commissioner, Mr. John Campbell Arbuthnott, and his wife narrowly escaped
being buried in there offcial residence, on the hill above the Ward’s Lake. They had just stepped
outside on to the lawn, when the building collapsed. Mr. Arbuthnott rushed to the Residency and
then to the Secretariat. He was able to save a chaprasi, who was still alive with only his head
protruding from the ruins. Thirty persons lost their lives, including Mr. Robert B. McCabe, the
Inspector General of Police, who “with characteristic contempt for danger,” “refused to run” and
was buried in the falling debris of the house. Rescue work was hampered by rain which continued
throughout the night until the next afternoon. There was no electric supply then. The streets were
then lit with acetylene lamps.

The frstcouple of nights were horrible, especially for the ladies and children, with the rain adding
to the suffering. The survivors spent their nights outdoors. Three small tents, which were originally
meant for servants, were somehow retrieved from the debris of the Residency. Some Europeans
took shelter in the open grounds, huddling together ten or twelve in each tent. Sir Henry Cotton,
the Chief Commissioner, and his family also had to live in tents till temporary accommodation
was built. Others took shelter wherever they could ¥nd any, in the wooden pavilion of the cricket
ground, the sheds of the bazaar, or in the stables and coach houses of the tonga service.

The Chief Commissioner felt that the most urgent works in that moment of crisis were “to
house the houseless, feed the people, and restore Communications”, and gave orders to the P.W.D. to
construct temporary accommodation for the clerks and others. He also authorized construction of huts,
free of cost, for private European residents and offcers. Regarding food, the Deputy Commissioner
could manage to procure only about 2000 quintals of rice, but little else, and he realized that unless
the Gauhati- Shillong road was opened there was no hope of getting further supplies. All available
offcers were entrusted with special jobs. A Forest Offcer and one from the Accounts Branch were
given the responsibility of getting the road to Gauhati opened. The Assistant Commissioner of
Kamrup was placed at Nongpoh to maintain a regular labour service. The Chief Commissioner’s
Assistant Secretary was assigned conservancy and other municipal duties, while the Chief Secretary,
Sir Edward Gait, personally supervised the retrieval of records, fles and furniture.

Restoration

The water supply was restored quite quickly while reopening of the Gauhati — Shillong road could
be done only by the 8th of July, 1897. Since this road was the only link with the rest of the country,
help could not arrive till the reopening of the road and thus the people of Shillong suffered for
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nearly a month. At present alternate routes are there connecting Shillong to the rest of the country.
Safe routes shall have to be identifed and maintained for strategic areas.

Reconstruction

The earthquake of 1897 had a decisive infuence on the materials of construction and type of
structure when rebuilding took place. Stone masonry was clearly unsuitable, which view was
corroborated by the Japanese Seismologist, Professor Omori, who had visited Shillong at that
time. The design adopted had to be earthquake resistant and thus emerged the Assam —Type houses
made of timber. This design has proved successful, over the years, in withstanding earthquakes.

The Government House was rebuilt on the same design and was completed in 1904 at a revised
cost of Rs.1,87,713.00.

The owners, of houses which were destroyed in the earthquake, were asked to report the action
proposed to be taken by them for rebuilding their homes. The total amount spent in carrying out
special repairs to public property and infrastructure in the earthquake affected area was about
Rs.37 lakhs, but much more funds were required to restore them to pre-disaster condition.

Funds for Disaster Management
Sir Henry Cotton, the Chief Commissioner, had said that the earthquake had crippled the fnances
of the Administration for some time and that he did not receive any assistance from the Government
of India. He had later written, “The fnances of the province during the whole period of my charge
were paralysed by the necessity of restoring public works to their former condition and the dial of
progress was set back”.

The necessity of having a “Disaster Mitigation Fund” and a “Disaster Response Fund” and the
necessity to link the Development Plan with the Disaster Management Plan is amply clear.

The Last Lesson
The Last Lesson is that aftershocks may occur not only for days, but may be for years after the
main earthquake. In 1897, the number of shocks and tremors were as frequent as 200 a day for
the frst couple of days. The earth hardly seemed to be at rest. The aftershocks gradually reduced
to around twenty to thirty a day, after a month of the great earthquake of 12th June. Two of the
shocks on June the 13th were very strong and were also felt at Kolkata. Till the end of 1898, there
was record of 5,523 aftershocks within the region disturbed by the great shock. The decline of the
frequency of aftershocks followed a law of seismology and continued for at least 10 years.

Since the aftershocks may be severe, partially collapsed buildings should not be used by the
residents, and rescuers or salvagers have to be wary. Temporary shelter have to be provided for the
homeless and arrangements for food, water, medicines, sanitation, etc have to be made.
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Preparedness and immediate response

The frst thing to note is that the earthquake lasted for “about two and a half minutes”, which would
seem an eternity if we were to experience such an earthquake. The most violent part of the shock was
probably a little less than a minute, and even that is a very long time. Usually, earthquakes last a few
seconds, giving us no time to react before it is over ( for very near epicentral and small earthquakes).
But if there is such prolonged shaking of the earth, i.e. if the epicenter is far and the time difference
between the arrival of the Primary and the Secondary waves is more, we may have time to fnd safe
places and take protective measures to save ourselves from injury due to falling objects or building
collapse. People in the ground foor, at the most those in the frst foor, may even rush outdoor to
open safe areas but for the residents of upper foors, it would perhaps be futile to try to run down
the staircase or use the lift, as both may fail. For such a situation, it is best to take cover wherever
we are, along with some drinking water, some dry food, some cash and our essential medicines, etc,
and stay calm. Awhistle could be vital in attracting attention, if people are trapped inside a collapsed
structure. Places in a building where we may take cover are (i) below a sturdy table or bed, (ii) in
the doorway, (iii) in the corner of a room or (iv) against an inner wall away from the windows. It is
important to drop to the Foor, as we may not be able to stand up during the earthquake, and cover our
head to protect it from falling objects, and also to hold on to some thing immoveable, if possible.

Preparations for Shillong city

Overview of Shillong city:
Shillong had been the Capital of Assam Since 1874. The City was founded by Col.Henry Hopkinson,
Commissioner of Assam in 1864.

Location

Shillong, the Capital City of the State of Meghalaya and also the district headquarter of East Khasi
Hills is situated at an altitude of 1496 metres above sea level. It is connected with the rest of the
country through Guwahati, the nearest railhead of 103 kilometres.

Area
Shillong, commonly termed as the *Scotland of the East’ has an area of 6436 sg.kms

Wards
27

Population
As per 2001 census, Shillong has a population of 6,01,510.
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Important Features of the City

One of the main importance of Shillong City is that, all the State Government Offce Secretariat
and the important Central Government Offces are located here. The Headquarter of the North
Eastern Council is also situated here. The main Schools and College Institutions of Shillong
attract the students of the North Eastern Region as well as students from outside the region in
institutes like 1M, IITHM, NIFT etc. It is also the Headquarter of the North Eastern Hill University,
Eastern Air Command, 101 Communication Zone of the Army and other Para military forces. The
Shillong State Library and Museum offer plentiful scopes for study and research of the ethnic
cultures in the region.

Transportation
Shillong is well connected by a network of roads within the City and with all important cities in
the neighbouring states and other major cities in the country.

Climate and rainfall

The climate of East Khasi Hills District ranges from temperate in the plateau region to the warmer
tropical and sub- tropical pockets on the Northern and Southern fringes .The whole district is
infuenced by the south-west monsoon which begins generally from June and continues till
September. The weather is relatively dry between the months of December and March.

Geology and Geomorphology:

East Khasi Hills District is geologically an upland. The straight, steep fault scarp along the southern
boundary of the district with the Meghalaya plateau towering over the alluvial plains of Bangladesh is
the most characteristic physiographic feature. The plateau top has a hummocky topography, cut through
by north- south trending streams along deep gorges. The funnel-shaped gorges along the southern rim
are locales for the heaviest rainfall in the world, as at Sohra (Cherrapunjee) and Mawsynram.

The Shillong Group of ancient metamorphic rocks comprising conglomerates, phyllites, schist
and quartzites overlying Basement Gneissic Complex, both intruded by granitic plutons and
younger basic rocks, constitute the bulk of the exposed rocks in the northern and eastern part of
the district. Exposed along the southern rims of the plateau is a near complete sequence of Tertiary
sediments overlying the volcanic suite of Sylhet traps, equivalent in age to the Deccan traps of
western peninsular India.

Shillong Peak lying 10Kms. from the city, with a height of 1961 Mts. above sea level and being
the highest point in the district and the State, offers a panoramic view of the scenic country side.

The southern fank of the plateau is prone to landslides. The district is prone to moderate magnitude
earthquakes. The Great Shillong Earthquake of 1897 was the most severe one recorded in India.

Geographically, Shillong lies on the Shillong Plateau which according to the Vulnerability
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Atlas of India is seismically vulnerable and lies under Zone-V covering areas liable to seismic
intensity of 1X and above on the Modifed Mercalli (MM) scale.

Socio- Economic Features
The state of Meghalaya attained its full statehood status on the 21st of January, 1972 with Shillong
as the State Capital. It was after a period of 21 months when the state of Assam was created on
the 2nd of April, 1970. Dr. S.K. Chatterjee, Professor Emeritus, coined the word “Meghalaya” or
the “Abode of Clouds”.Meghalaya was craved out of the composite State of Assam and it was
then that the Khasis, the Jaintias and the Garos realised their cherished dreams for their political
aspirations and economic well being. According to the Census report of the Government of India,
2001, East Khasi Hills District, has shown the highest rate of literate persons in the state with
74.74%. When shifting our views to industries, it has been noticed that big industries are scarce,
infact absent in East Khasi Hills District which may partially or wholly result in low per capita
consumption of electricity annually. Industrial backwardness may also be attributed to various
factors, geographical and non- geographical that might have hindered the progress of this sector.
Road transport has become one of the important infrastructural needs of the people in order to
help productive activities and mainly for the well being of the society as a whole. Road transport
has become the lifeline of the state as far as its economy is concerned. There are also no railway
lines in Meghalaya as a whole and East Khasi Hills in particular, the main reason for this is the
hilly terrain of the state that renders cheap transportation.

Disaster Management

The main components of the Disaster Management Programme of the United Nations Development
Programme (UNDP) and the Government of India including capacity-building to deal with Disasters
common to Shillong city, with special emphasis on earthquake resistant features of houses, training
in retroftting, construction of technology demonstration units and development of Disaster Risk
Management and Response plans at all levels have been taken into account by the Shillong City
Disaster Risk Management Committee . The importance of minimizing the losses to developmental
gains and to reducing vulnerability to natural disaster has resulted in the preparation of this plan
with a focus of on preparedness and mitigation from reactive to proactive.

Shillong City Earthquake Response Plan

As part of Earthquake preparedness of Shillong City, the District Administration, East Khasi Hills
District has been given the responsibility of preparing the Earthquake Response Plan, which is
prepared to immediately supportand strengthen the efforts of the District Administration, Meghalaya
Urban Development Authority and Shillong Municipal Corporation. It is expected that the plan
would increase the effectiveness of administrative intervention by describing and performing

| 129 |



The Great Assam Earthquake of 1897 - Valuable Lessons Learnt

expected operational activities and by assigning responsibilities for effective co-ordination and
implementation of emergency capabilities.

The Shillong City Earthquake Response Plan addresses the city response to an earthquake
disaster situation which may affect large areas causing extensive damage to life, property and
environment and consequent epidemics which may affect a large population. In any case, the
management of this kind of disaster requires extensive resources and manpower for containment
by remedial action during and after an earthquake.

Objectives

The plan aims to raise the awareness of decision makers and the general public to the seismic risk

of Shillong City.

» It describes an earthquake disaster that may occur in Shillong City.

» It identifes the responsibility which should give an immediate response system in the event
of a big earthquake that is to be provided by all levels of Government, by describing and
assigning the expected preventive actions to be taken up for additional planning, co-ordination
and implementation of emergency capabilities.

» It defnes the city specifc campaign strategies.

» Itisan overview of the basic planning and concept of response for implementation in a variety
of situations that may occur.

» Itidentifes the major concept of administrative management and National support in terms of
any kind of resources for fail-proof communication at all levels leaving no gaps and no overlap
in times of such emergency in an event of an earthquake disaster.

Strategy

» Formation of Shillong City Earthquake Management Committee and Response Group.

» Preparation of the Earthquake Response Plan by incorporation with other State and Agency
plan.

» Sharing of the Response Plan with Stakeholders, response team for awareness generation.

» Sector wise/ Ward wise Earthquke Response Plans and their operation.

» Rehearsal of the Plan / Mock Drill.

» Further recommendations for development.

Coordination

» Co-ordination amongst all Stakeholders who holds the Key to Disaster Management.

» Capacity building of administrative machinery and civil society to cope with disaster more
effectively.
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Duties of Government and NGOs, before earthquake, during an earthquake and after and

earthquake

» Take measures on landslides foods and earthquake.

» Check all buildings and immediately do survey work give warning to the people and evacuated
the dilapidated buildings and demolishing them as per rules.

» Emergency services should be taken into proper care.

» Fire and rock falls.

» Falling of building in foothill regions will create a dangerous condition, for such work
administration will have to take appropriate action.

* Mobile hospitals, with a team of trained doctors after earthquake action will have to take.

* Recovery vans, cranes, tractors should be ready for the function of earthquake hazard
mitigation.

» There should be a training course on earthquake hazard mitigation in all schools and colleges.

» Building cutting, building clearing, building demolishing machine should be available.
Properties of buildings and their strength checking instruments should be used.

» Trained dogs body sensitive lights are to be ready for searching survivors trapped inside the ruins.

» Be ready for action by good trained doctors and fre deptt. for rescue and emergency work.

» Keep available oxygen cylinders, other emergency medical equipments so that during such
hazard no trouble will be created.

» Emergency portable bridges, big trailer should be ready for clearing goods injured persons, if
there are faults, foods and shifting of rivers.

Scientific Observations
What was unusual about the 1897 earthquake was its location. Most earthquakes of this magnitude
occur at boundaries of large tectonic plates, some 100 km thick that comprises the Earth’s surface.

It was in this earthquake that, for the frst time, accelerations exceeding 1g were identifed as
responsible for propelling objects into the air. From European seismograms Richter calculated a
magnitude of Ms=8.7 although retrospective calibration of these same records yields Ms=8.0+0.1.
The parameters of the rupture correspond to Mw=8.1. (Bilham et al, 2001)

Further Bilham et al, (2001) interpret the Shillong Plateau as a pop-up structure bounded by (at
least) two reverse faults. These faults are referred to as the Olham fault to the north and the Dawki
fault to the south. Others have argued that the plateau is bounded by the Brahmaputra fault in the
north and the Dapsi thrust in the southwestern part.

The Dauki Fault has a complex evolution in space and time, and is closely associated with the
growth and exhumation of the Shillong Plateau. (Biswas et al, 2005).

Our conclusions also raise important issues concerning the seismic hazard potential of the
Shillong Plateau. The >300-km length of the Dauki fault has not slipped recently, but were it to
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slip in a single earthquake its potential maximum magnitude (M 8) (Bilham et al, 2001)

The Kopili fault zone earthquakes in the eastern plateau, Mikir massif region are caused by
the long and deep rooted Kopili fault that is transverse to the Himalayan trend. Both the fault zones,
the Dapsi/Brahmaputra and the Kopili fault zones, in the Shillong/Mikir plateau are intensely
active, but their tectonics are different. The Kopili zone activity is, however, more intensive with
higher b-value and higher fractal dimension, and occurrence of an impending large earthquake is
speculated in this zone. We surmise precursor study making a multi-parameter observatory on this
well-identifed active fault is the need of the hour for this seismically most active region of the
country. (Kayal et al, 2006)

The occurrence probability of an earthquake M<7 in the region is very high. If a major
earthquake expected in the Indo-Burmese Arc (IBA) takes place, the damage in cities like Shillong
and Guwahati which are about 300 km away would be disastrous. Strong earthquakes show
hypocentres with focal depths around 100 km in the subduction zone and the high amplitude
S waves arrive at and additional time around 32 seconds following the arrival of the relatively
smaller amplitude P waves. For this reason and taking advantage of the radio wave velocity, a
Seismic Alert System (SAS) for Shillong and Guwabhati, capable of announcing around 42 seconds
before the arrival of earthquakes from the IBA between the window latitudes 24 ° N and 27 ° N and
Longitudes 94 ° E and 95 ° E, may be planned for installation (Lyngdoh et al, 2009).

A few recent signifcant moderate earthquakes which shook the region are:

* Bhutan 21st September 2009: Magnitude 6.2, epicentre 27.3°N & 91.5°E
e Myanmar — India(Manipur) border 4th February 2011:Magnitude 6.4, epicentre 24.8°N &
94.5°E

It is interesting to note that the recent 6.4 earthquake which occurred on the 4th February 2011
had its epicentre in the IBA between the window latitudes and longitudes given by Lyngdoh et al
(2009).

Figure 2. shows the number of felt earthquakes recorded at the Central Seismological
Observatory (CSO), India Meteorological Department, Shillong from 1980 to 2010. In 2011, there
are 5 felt earthquakes till this paper was published. There is an increasing trend in the number of
felt shocks at Shillong. Interestingly, the Dawki fault has shown very less activity in recent years.

Conclusions

History repeats itself. The old saying goes. One cannot doubt the credibility of this famous saying.
As we have seen in the preceding pages about the destruction of the 1897 Great Assam earthquake
and also about the preparedness programmes, we have to change the mindset from being reactive
to proactive in the sense of underlying the importance of minimizing the losses and focus on the
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preparedness and mitigation processes. Therefore one must remember that Earthquakes cannot be
prevented nor predicted, therefore, we must be prepared at all times.
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Based on the request received from Mr. P.G.Dhar Chakrabarti, Executive Director, NIDM New
Delhi, and Mr. Saroj Jha and Bernice K. Van Bronkhorst of GFDRR World Bank USA, the United
States Geological Survey (USGS) tried to develop an earthquake scenario in the North Eastern
India by applying the parameters of 1950 earthquake on the PAGER.

PAGER (Prompt Assessment of Global Earthquakes for Response) is an automated system
developed by the USGS that produces content concerning the impact of signifcant earthquakes
around the world, informing emergency responders, government and aid agencies, and the media
of the scope of the potential disaster. PAGER rapidly assesses earthquake impacts by comparing
the population exposed to each level of shaking intensity with models of economic and fatality
losses based on past earthquakes in each country or region of the world.

The USGS’s National Earthquake Information Center (NEIC), located in Golden, Colorado,
reports over 30,000 earthquakes a year. 25 of these cause signifcant damage, injuries, or fatalities.
To improve the accuracy of assessment of these earthquakes, the USGS has developed PAGER, an
automated system for rapidly estimating the shaking distribution, the number of people and settlements
exposed to severe shaking, and the range of possible fatalities and economic losses. The estimated
losses trigger the appropriate color-coded alert, which determines the suggested levels of response:
no response needed (green), local/regional (yellow), national (orange), or international (red).

In addition to direct alert notifcations, PAGER provides important supplementary information,
including comments describing the dominant types of vulnerable buildings in the region, exposure
and any fatality reports from previous nearby earthquakes, and a summary of regionally specifc
information concerning the potential for secondary hazards, such as earthquake-induced landslides,
tsunami, and liquefaction.

PAGER results are generally available within 30 minutes of a signifcant earthquake, shortly
after the determination of its location and magnitude. However, information on the extent of
shaking will be uncertain in the minutes and hours following an earthquake and typically improves
as additional sensor data and reported intensities are acquired and incorporated into models of the
earthquake’s source. Fundamental to such a system, the USGS operates a robust computational
and communication infrastructure necessary for earthquake response.
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For creating an earthquake scenario for North Eastern India USGS applied the following well
observed and documented parameters of the earthquake of 15 August 1947.
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Source Parameter Values Used Reference
Magnitude 8.6 Kanamori (1977)
Epicenter Location 28°23’N, 96°41’E Ben-Menahem et al. (1974)
Hypocenter Depth 35 km Vary from 22 km to 35 km
Fault Length 250 km Ben-Menahem et al. (1974)
Fault Width 80 km Ben-Menahem et al. (1974)
Fault Depth Range 3to 68 km Computed from geometry
Azimuth of Strike 330° Ben-Menahem et al. (1974)
Dip of Fault 55° Ben-Menahem et al. (1974)

Fault Mechanism

Strike-Slip (SS)

Ben-Menahem et al. (1974) Kayal (2010)

Macro-seismic Intensity
Observations

49 observations (I1V to 1X) for 1950 Assam
earthquake

Martin and Szeliga (2010)

Shaking Hazard Estimates
Shaking hazard was estimated applying the USGS ShakeMap Methodology, Wald et al. 2005:

Parameter Model
Map Boundary “92.683333E/100.683333E
/24.863333N/31.903333N”

Ground Motion Prediction Equation

Chiu and Young (2008)

Site Correction

Slope vs. Vs30 model

Max. PGA estimated 0.72¢g
Max. PGV estimated 83 cm/sec
Max. Intensity (MMI scale) IX

Earthquake Loss Estimates
The earthquake loss estimates were made on the basis of USGS PAGER Methodology:
Screenshot from PAGER’s Earthquake Scenario in North Eastern India based on the parameters

of 1950 earthquake
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Parameter

Model

Earthquake Exposure

Approx. 19,000 people may experience violent shaking and 370,000 people may experience
severe shaking which generally contribute to heavy damage. Approx. 14 million people
may experience moderate to very strong shaking during such earthquake.

List of Cities that may
be affected

Tezu city in Arunachal Pradesh (15,000 population), Pasighat in Arunachal Pradesh
(26,000 population). See the list on PAGER summary page.

Earthquake Fatality
Estimates

Estimate fatalities from PAGER model indicate a “red alert” for fatality losses in this
scenario. High casualties are probable in such scenario.

Total Direct Economic
Loss (in US dollars for
2009 value)

PAGER estimate “red alert” for economic losses. The damage and economic impact will
be widespread and may require national or international response.

Impact

Refer to Figure 1.
Economic: Red Alert
Fatality Losses: Red Alert
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Version 1

Red alert for shaking-related fatalities and
economic losses. High casualties and
extensive damage are probable and the
disaster is likely widespread. Past red alerts
have required a national or intermational
response.
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MSERCALLI INT(I’ENSITY | -1 v Vv Vi Vil
PERCEIVED SHAKING Mot felt | Weak Light |Moderate| Strong | Very Strong Severe Violent | Extreme
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POTENTIAL none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy
DAMAGE ‘m none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
“Estimated exposure only includes population within the map area.
_Populatlon Exposure population per ~1 sq. km from Landscan  Structures:

Overall, the population in this region resides
in structures that are highly vulnerable to
earthquake shaking, though some resistant
structures exist. The predominant vulnerable
building types are unreinforced brick masonry
and adobe block construction.

Historical Earthquakes (with MMI levels):

Max
MIMI(#

Shaking
Deaths
[i]

Date Dist.
(UTC) (km)
1989-05-03 324
1989-04-15 300 6.4 8
1996-02-03 373 6.6 309

Recent earthquakes in this area have caused
secondary hazards such as landslides that
might have contributed to losses.

Mag.

6.2

Selected City Exposure

from GeoNamas.org

content is automatically generated, and only onnsudens losses due to struclura
Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake.usgs.gov/ipager
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VIl Pasighat 26K
VIl Tinsukia 89k
VIl Dibrugarh 122K
VIl Khonsa 10k
VIl Nahorkatiya 16K
VI Dimapur 136K
V Itanagar 45K
V Dayan 1,138
IV Kohima 92K
IV_Myitkyina 91K

amage. bold cities appear on map (k = x1000)

Event ID: ustmp

Figure 1: PAGER’s shaking, exposure and earthquake loss estimates for a hypothetical scenario earthquake in Northeast India
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Clarifications
The following issues need to be clarifed for drawing conclusions from this study:

This is a hypothetical scenario earthquake chosen based on discussion with Indian counterparts.
The location, depth, magnitude and other parameters etc. are inferred based 1950 earthquake in
this region.

This is neither a ‘worst-case’ scenario nor a ‘most-likely’ scenario for this region. In fact, we
did not study the relative frequency of such earthquake in this region to infer anything on
future occurrence rate of such earthquake.

Earthquake losses are cumulative of entire affected region, which includes countries primarily
India, China, Myanmar and Tibetan region.

Most affected region for this scenario is estimated to be Assam state of India.

Earthquake fatality and direct economic losses are estimated using 2009 population and
economic indicator data.

Earthquake loss estimates have large uncertainty as depicted in PAGER’s loss estimate. This
is not uncommon due to number of factors/parameters that are either poorly constrained or
simply not known.

Detailed investigations are necessary in order to reduce some uncertainty associated with
different model parameters.
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Abstract : A multidimensional geophysical approach is made to study earthquake precursors
in northeast India. Resistivity, gravity and seismological precursor anomalies for the two
recent damaging earthquakes, one on December 30, 1984, magnitude 5.8, and the other on
August 6, 1988, magnitude 7.5, are very encouraging to intensify these studies in the region.
Improved methods of magnetic and geohydrological precursor studies are suggested. Key
words: Precursor, resistivity, magnetic, gravity, earthquake swarm, microseismicity-rate,

velocityratio, radon gas.

Introduction

Seismically, northeast India is one of the most active regions of the world. Two great earthquakes,
one in the Shillong Plateau (1897) and the other on the Assam-Tibet border (1950), both
of magnitude 8.7, occurred in this region (RICHTER, 1958). There were as many as 17 large
earthquakes of magnitude > 7.0 in the past century within the latitude 22-30~ and longitude 90-
97~ of the region (Figure 1). The seismotectonics of northeast India has been summarised as the
south directed overthrusting from the north due to collision tectonics at the Himalayan arc, and
northwest directed overthrusting from the southeast due to subduction tectonics at the Burmese arc
(e.g., TAPPONNIER and MOLNAR, 1976; VERMA et al., 1976, 1977; KAYAL, 1989). Recently
a few microearthquake surveys in the Shillong Plateau and adjoining areas have revealed a high
level of seismicity, and the source mechanisms of the microearthquakes indicate that the Plateau is
under compressional stress (KAYAL, 1987; KAYAL and DE, 1991).

Many authors have suggested that northeast India is now due for a large earthquake. KHATTRI and
WYss (1978) have demarcated a zone, which they have defned as the Assam Gap for an impending
large earthquake (Figure 1). GunAand BHATTACHARYA (1984) have reported a signifcant precursory
decrease in b-value in this region, and indicated the probability of occurrence of a great earthquake
(Mag. >8) in the near future. GUPTA and SINGH (1982), on the basis of P-wave travel-time residual,
have reported that the Shillong Plateau is undergoing a dilatancy stage, precursory to a large earthquake.
Further, GUPTA (1985) has emphasised that the Cachar earthquake of December 30, 1984 might be the
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Figure 1: Epicenters of the large earthquakes (magnitude >- 7.0) including the two great earthquakes (magnitude > 8.0) in northeast India.
The great earthquake of 1897 is the frst instrumentally recorded earthquake in the region. The epicentre of the 1869 earthquake is reported
to be in the Cachar area; its location in the map may not be correct. The two recent damaging earthquakes are shown by solid stars. Focal
mechanisms of these earthquakes are also shown (see text); shaded areas indicate the zone of compression and the open areas indicate
the zone of dilatation. Microgravity traverse (T-1) from Dauki to the Assam-Bhutan border is shown; the solid triangles indicate the fxed
gravity stations. Station 1 is in the Shillong town area where resistivity, magnetic and geohydrological measurements were made.

(Inset: key map; hatched area is shown in the map.)

beginning of a seismically active period like that of one from 1869-1943 in the Shillong region where six
large earthquakes, including the great earthquake of 1897, occurred during the period (Figure 1).

In recent years, various geophysical surveys have been carried out to monitor precursor
anomalies before the felt or moderate earthquakes in this region. The available data of geoelectrical,
geomagnetic, microgravity, geohydrological and seismological precursors as well as post-
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earthquake information for the two recent damaging earthquakes in this region, one on December
30, 1984 and the other on August 6, 1988, are studied here.

Cachar Earthquake of Decem-
ber 30, 1984
The Cachar earthquake of December
30, 1984, magnitude: 5.8, origin time:
23 h 33 m 39.1 s, latitude: 24.598° N
longitude: 92.939° N restricted depth:
33 km (USGS report), rocked the entire
areaduring the early hours of December
31, and was responsible for the loss
of 20 human lives and considerable
damage to buildings, bridges, roads,
huts etc. (Figure 2a). Fissures, ground = ,
cracks and subsidence were prominent Figure 2 : (a) Damage of a mud hut in the Cachar area caused by the earthquake
of December 30, 1984.
in the area; sand and water were
discharged from the Fssures and vents. The maximum intensity of the earthquake reached VIII on
the Modifed Mercalli Scale (unpub. data, Geol. Surv. India). DUBE et al. (1986) studied the focal
mechanism of the earthquake, and inferred a thrust-fault solution with a strike-slip component and
a dominant compressional stress in the NE-SW direction (Figure 1).

Manipur-Burma Border
Earthquake of August 6, 1988
The Manipur-Burma border earthquake
of August 6, 1988, magnitude: 7.5,
origin time: 00h 36m 26.9 s; latitude:
25.116~ and longitude: 95.171~
depth: 115 km (USGS report), rocked
the entire northeastern region of the
country early in the morning of August
6, 1988 at 6.10 a.m. (local time). The
tremor was felt throughout northeast
India, Bangladesh and parts of Burma.
It lasted approximately two minutes, “——
and caused a loss of four human |iV€S, Figure 2 : (b) Damage of the National Highway in the Nowgong area caused by the

. L Manipur-Burma border earthquake of August 6, 1988.
considerable damage to buildings,
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railway tracks, roads etc. (Figure 2b). Field surveys showed that the maximum intensity reached
VIII on the Modifed Mercalli Scale (unpub. data, Geol. Surv. India). The survey revealed three
areas (viz, Jorhat, Silchar and Diphu) where maximum damage was recorded. Landslides, formation
of Fssures through which sand, mud and water were ejected in these areas, were observed. The
focal mechanism study showed a thrust-

fault solu.tlon (Figure 1), and it inferred a s 52 .
compressional stress parallel to the trend N P T oo Mawiai o
of the tectonic feature of the Indo-Burma '23'-;‘.’ M‘?‘éniié;ﬁ 2 30kn, Mampct
range (BANGHAR, 1990). - %
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up was made to carry out the precursor :,EW
resistivity measurement at two fxed i Mrd g
stations in the Shillong area during 1984- g
1987 (KAYAL and BANERJEE, 1988). *|:g:';E !
At each station measurements were | [Hr M N _
made along four directions which were °
azimuthally separated by 45 ~ (Figure 3a). Brh STATION-2
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occurred in the area on November 28 and
December 2, 1984 respectively, and a 12-
20% decrease in resistivity value was also
observed as above (Figure 3b).

Magnetic
Magnetic measurements were made
employing a Scintrex digital Fluxgate

magnetometer MED 4 at the base camp of
the above resistivity survey in the Shillong
area. Two readings were taken daily.
Total vertical component of geomagnetic
feld was observed. Temporal variation
of geomagnetic feld is shown in Figure
4. Two daily observations showed only
fuctuations in the magnetic value rather
than any precursory anomaly (Figure 4a).
The mean of the two daily observations was
also plotted (Figure 4b), but no anomalous
change in magnetic value was observed
before the Cachar earthquake.

Gravity

No precursor gravity measurement was
made before the Cachar earthquake. Post-
earthquake gravity variations were studied
by ARUR et al. (1986). They carried out two
microgravity surveys, one in May 1985 and
the second in November 1985, reoccupying
their (Survey of India) gravity stations
of February, 1976. Post-gravity changes
from +65#gal to -105#gal were reported,
indicating subsidence and elevation in
different parts of the area, and the epicentre
of the earthquake was located in the zone of
transition from subsidence to elevation.
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Figure 4 : Variation of total magnetic feld with time in the Shillong area. (a)
Plot of two observations in a day and (b) plot of the average of the above two
observations (after KAYAL et al., 1989, unpub, report, Geol. Surv. India).
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Figure 5 : Change in microgravity values at fxed stations along the traverse
T-1 (Figure 1) with respect to the Calcutta base. The stations in the Shillong

Plateau show an increasing trend and the stations in Brahrnaputra valley
show a decreasing trend except the stations at 8 and 9
(after KAYAL et al., 1989, unpub, report, Geol. Surv. India).
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We carried out three repeat microgravity —_ - — |
measurements along a fxed traverse (T-I)
acrossthe Shillong Plateau and Brahmaputra .o ¢

valley, from Dauki to the Assam-Bhutan | | Iw o
border, during 1988-89 (Figure 1). The | | £2l. - "
observed changes at each fxed station, with | | © e o "‘j‘_“’j o

| . S T BN | IS S T |
respect to the Calcutta base were plotted | | = C T I R |
(Figure 5); it showed an increasing trend of | hae haed J1

microgravity values in the Shillong Plateau
and a decreasing trend in the Brahmaputra Figure 6 : Daity variation of welt water-level in the Shillong area recorded at

three shallow dug-wells A, B and C (after KAYAL et al., 1989, unpub, report,
valley after the large earthquake of August Geol. Surv. India)

6, 1988.

Well Water-level

Well water-level measurements were also carried out in three shallow dug-wells (depth < 5 m)
in the resistivity study area, Shillong Golf Club. Daily Fuctuations of the well water-levels along
with the rain-fall data are shown in Figure 6. No signifcant change in well water-level and/or
correlation with the earthquakes were observed. Precursor changes, if any, might be masked by the
human use of the well water as these wells were situated in populated areas of the Shillong town,
or, these wells were just too shallow to produce any precursory change in water-level.

Radon Content

DEu et al. (1990) reported a diagnostic precursor anomaly of the radon content in formation water
before the Cachar earthquake. A 30-40% increase in radon-gas was reported by them (pers. comm.,
1990) for the samples of a deep hole in the Dauki area which was nearer to the epicentre (Figure
1). A similar signifcant variation in radon content of well water in the Shillong town was also
observed for the August 6, 1988 Indo-Burma border earthquake (KHARSHIING, A. D., North
Eastern Council, Shillong, pers. comm., 1988).

Earthquake Swarm

GUPTA and SINaR (1989) studied the earthquake sequences which occurred before the December
30, 1984 and August 6, 1988 earthquakes. They studied the seismicity pattern in different
time-intervals within a 5-6 ~ window, and suggested that the precursory swarm hypothesis of
EvISON (1977) could be made predictive in this region. Figure 7 demonstrates the observation of
background/normal seismicity, swarms and quiescence preceded by the two damaging earthquakes
in this region.
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Microseismicity Lo s L
Four microearthquake surveys were carried
out during 1983-86 by a temporary fve-
stations network in different parts of the
Shillong Plateau and adjoining areas
(KAYAL, 1987; KAYAL and DE, 1991).
Based on the above microearthquake data, ———r—T —T—
temporal change in microseismicity-rate Ll L4
wasstudied. The microearthquakes, duration Feb3 1983-Dec29 1984 Dec30 1984-Sep 1983
magnitude 1.0-3.5, which were recorded | |77 /7 T~ 1 T I
within 30 km radius of the network, were EsEN ‘\\ - 4\ v o
considered. A change in microseismicity- o \\: “ b - ~ *;_} -
rate before the Cachar earthquake was T . - L
observed (Figure 8). A high level of : B S
microseismicity, on average 40 events per 80 9 92 o8 9 & 92 9 %
month, was observed in early 1984, and the
seismicity level decreased to the normal/ | (1" \oso-seer, wes} | " Sop 28,1965 Jon 967
background rate, on average 16 events per . !,:’ _‘x - A o -
month, following the Cachar earthquake. It 24 lea ! [ -
should be noted that no aftershock sequence ! I
was observed after the Cachar earthquake S v I
(DuBE et al., 1986). 258 | . L
The crustal velocity-ratio (Vp/Vs) of ' ' '
the Shillong Plateau was also studied by
the Wadati-plot method, using the above
microearthquake data (DE and KAYAL,
1990). There was a data gap in the temporary
microearthquake networks, but a decreasing
trend in the Vp/Vs value before the Cachar

earthquake might be speculated (Figure 9).
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Figure 7 : Precursory swarm of earthquakes before the two damaging
. earthquakes. (a) Normal seismicity, swarm, quiescence and the main shock of
Re5|st|V|ty December 30, 1984. (b) Normal seismicity, swarm, quiescence and the main

There is a valid correlation between the shock of August 6, 1988 (after GUPTA and SINGH, 1989).
resistivity anomaly and the occurrence of
earthquakes in the Shillong area (Figure 3). The decrease in apparent resistivity may be explained
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Figure 8 : Change in microseismicity rate befoe and afterthe Cachar earthquake. The microearthquakes,
duration magnitude 1.0-3.5 recorded within 30km radius of the networks in the study area are used

by the dilatancy model of SCHOLZ et al. (1973); formation of new cracks and/or extension of
existing cracks or reopening of old cracks, subsequent Flling of water prior to energy release by
earthquakes is responsible for lowering the resistivity values (e.g., BARSUKOV, 1972; MAZELLA
and MORRISON, 1974; YAMAZAKI, 1975; QIAN, 1984; QIAN et al., 1984; SIDORENKO et
al., 1984). However, MORRISON et al. (1979) reported a negative result in precursor resistivity
for an earthquake of magnitude 4.0 in California. KAYAL and BANERJEE (1988) have suggested
that such negative results or insignifcant resistivity changes are possible; prior to earthquakes
resistivity may increase or decrease or may indicate no change at all, depending on the orientation
of the measuring electrodes, rock type and direction of stress/fracture orientation. For the Cachar
earthquake we have also observed here insignifcant resistivity changes in the three measured
directions at station 1 (Figure 3b), which is similar to that observed by MORRISON et aL (1979).
\ol. 136, 1991 Earthquake Prediction in Northeast India 309 Thus, for earthquake prediction it is
imperative that resistivity measurements are made, using at least two sets of orthogonal directions
at the receiving station.

Magnetic

Whether a geomagnetic feld changes before an earthquake, has been argued by many authors
(e.g., STACEY, 1963; RIKITAKE, 1968; SMITH et al., 1976; JOHNSTON, 1978). In his review
work, RIKITAKE (1976) has reported that a 5-15 gamma change in a geomagnetic feld may be
expected to accompany an earthquake of moderate magnitude. Guo-HuA et al. (1984) made an
extensive study of geomagnetic total-feld employing a proton precision magnetometer at 108
pairs of stations before the Tangshan earthquake of 1976, and reported a seismomagnetic effect
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Figure 9 : Temporal variation of velocity-ratio (Vp/V~) before the Cachar earthquake
(after DE and KAYAL, 1990).

both in time and space. Although the geomagnetic measurement has not shown any diagnostic
anomaly in this study, this does not preclude the possibility of detecting geomagnetic changes
before a major earthquake in this region. It is desirable to make use of a large array of more precise
magnetometers, intensive study with large sets of data and techniques for eliminating various
sources of noise like magnetic storm, diurnal and seasonal variations, etc.

Gravity

In a tectonically active region gravity changes are observed due to variations in elevation and
redistribution of mass. Many authors have reported such gravity changes: e.g., BARNES (1966)
in U.S.A., KISSLINGER (1975) in Japan, HAGIWARA (1978) and CHEN et al. (1979) in China.
Gravity changes from -325#gal to + 165 #gal were reported before the 1975 Haichang earthquake,
magnitude 7.3, and the 1976 Tangshan earthquake, magnitude 7.8, respectively (CHEN et al.,
1979). The 1964 Alaskan earthquake, magnitude 8.6, indicated a gravity change of over 200
pgal at Valdez (BARNES, 1966). In India ARUR et al. (1986) reported postearthquake gravity
changes of -65 #gal to + 105 #gal following the 1984 Cachar earthquake, magnitude 5.8. The
repeat microgravity measurements in this study, though limited with data, also indicate that a
large earthquake is associated with precursor gravity changes in the area. Repeat microgravity and
also geodetic surveys would be useful for precursor as well as for pre-earthquake/post-earthquake
crustal deformation studies in this region.

Geohydrology

LIu-CHA and SHAN-YIN (1984) have reported spouting and pressure increase in oil wells and
rise of well water-level in the epicentral areas before 14 large-tomedium earthquakes in China.
A number of cases are known in which geohydrological precursors like changes in the level or
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pressure of ground water take place several days or hours before an earthquake (e.g., MAVASHEYV,
1974; SADOVSKY et 310 J.R. Kayal PAGEOPH, al., 1977, 1984). In all cases, measurements
were taken in deep boreholes. QIAN (1984) suggested that squeezing and/or infusion of water
in interconnected fractures located at depth may cause a change in the water table due to an
earthquake.

Well water-level measurements for precursor study in this region need to be improved. Deep
boreholes should specially be made in isolated areas away from towns or villages, and regular
monitoring of the water-level should be made by a responsible person in the area.

Variation of radon gas in well water and/or in mud samples in an epicentral area of medium-
to-large earthquakes was reported by HAUKSSON (1981) and ROBINSON and WHITEHEAD
(1986). A wealth of data regarding geochemical measurements are presented in a review work by
KING (1980, 1981). In India, GHOSH et al. (1987) reported that 65.5% of earthquakes recorded
by the seismograph station at the Shillong Observatory were correlatable with a variation of radon
gas in the well water in the area. The variations of radon gas in well water before the two damaging
earthquakes reported here are also encouraging. The development of advanced technology and
systematic measurements of radon gas in specially made deep boreholes is suggested for precursor
study in this region.

Seismology

Seismological observations in this study such as earthquake swarm (Figure 7), microseismicity
rate (Figure 8) and crustal velocity-ratio (Figure 9) further support the predictive hypothesis of
seismological precursors before large earthquakes as have been reported in other parts of the world
(e.g., EvisoN, 1977, 1982; HABERMANN and WYSS, 1984; AGGARWAL et al, 1973; FENG
et alL, 1974). GUPTA and SINGH (1986), based on the observations of earthquake swarms for the
1950 earthquake, magnitude 8.7 and for the 1984 Cachar earthquake, magnitude 5.8, predicted the
Manipur-Burma border earthquake of August 6, 1988, magnitude 7.5, and claimed that their forecast
was accurate (GUPTA and SINGH, 1989). Although the microseismicity and velocity-ratio data are
meagre in this study, the inferences drawn by these studies suggest that continuous monitoring of
microseismicity in this region by permanent networks would be useful for prediction research.

Conclusion

Summarising what has been stated in the preceding sections, it may be concluded that the precursor
studies in northeast India have given us some understanding of a general philosophy of earthquake
prediction in this region. The prediction of the Manipur-Burma border earthquake of August 6,
1988 by GUPTA and SINGH (1986, 1989) though it sounds promising, it should be borne in mind
\ol. 136, 1991 Earthquake Prediction in Northeast India 311 that precursory signals are likely to
differ from earthquake to earthquake. Precursors of the multidimensional geophysical approach,
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as exemplifed in this study, should be performed throughout the supposed earthquake-threatened
areas of the region for any practicable and successful earthquake prediction with space and time.
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Landslides: A Major Geohazard in North Eastern India
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Abstract: North Eastern Region of India is poised for active development in the field of
infrastructural facilities. But the high incidence of the landslides are detrimental for this
process. The immature topography, deep and widely extended weathering profile, young
mountains with soft rock mass coupled with higher order of precipitation and intense
demographic pressure are responsible for the geodynamics of the landslides. The high
seismic status of North Eastern Region requires an integrated analysis for identifying
the different types of the landslides with their geological relevance and causative factors.
These are worked out during this study. The paper also highlights the working strategy of
landslide Disaster Management by preparing a land slide hazard zonation map wherein
an input of landslide incidences has been highlighted to identify the broad but specific

targeted areas for implementing the mitigation action plan effectively and economically.

Introduction
The Northeastern India with vast natural resources is poised for all round development. The main
activities being expanding urban agglomeration and exploitation of hydel power potentials of its
mighty rivers, the expansion of existing communication network, both road and rail is essential not
only for facilitating the construction work but also to link far fung small settlements with rest of
the country through trunk routes. Landslides, the outward and downward movements of material
detached from the main mass along a plane of separation in this region occur in such frequency
and abundance that they are major hindrance in these activities. The high incidences of mass
movements in young, hilly topography is due to weathered and weakened nature of rock mass
resulting from greatly variable temperature and triggered by heavy rains and frequently recurring
seismic shocks. The water fowing in innumerable streams and channels of Lohit and Barak systems
weakens, erodes and toe cut the valley slopes generating series of landslides that contribute largely
to general topographic degradation. Though not on this scale, human interference also contributes
consistently in slope instability.

Thus, the hazardousness of landslides being of very high magnitude their mitigation (since
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prevention is not possible) and as a prerequisite demarcation in terms of incidences and potentiality,
both, are high priority objectives. The study of landslides on both macro and micro levels has been
highlighted. The macro level investigations by way of preparing landslide (hazard) zonation maps
which classify slopes in terms of incidences and potentiality to sliding are essential ingredient of
mitigation strategy. The study of all individual landslides is impossible, thus it is imperative to
survey and selectively studied them in details. The knowledge gathered from these investigations
has greatly helped in identifying the failures inherent in the slopes and also those contributing to
sliding, its application in other areas to demarcate the susceptible zones with potentiality of sliding
has practical utility.

Some Important Landslides
The incidence of the landslides are distributed in the seven states of the North Eastern Region But
several important landslides are described in the following text.

Arunachal Pradesh

The high incidence of landslides along Moying-Migging- Tutting road and Bhalukpong- Tenga
-Bomdila road has been studied. The high altitude road section of Bomdila- Tawang and Zemithan
-Nelya roads are also badly affected by rockmass movements. In most of the cases the deep
weathering profle, partially translated into thick overburden supported by weak slope forming
rock mass under heavy saturation and due to constant removal of the toe support by the perennial
Nala/river are the major causes of landslides. Also the loss in frictional resistance due to presence
of thick clayey overburden under heavy saturation leads to failure of weak rock mass as well as
clayey loose material. In addition, in several sections steep slopes to hill spurs are characterised by
seepage in over burden and piping action under heavy saturation, generating conditions conducive
to slope failures.

Assam
Landslides are mainly concentrated in softer rocks and seismically active area aided by heavy rainfall.
The problem gets accentuated by extensive deforestation and unorganised growth of town on hill
slopes. Oldham (1899) while describe co-seismic landslides in 1897 Great Assam Earthquake observed
that high hill slopes in Assam and Meghalaya were much more affected by landslides in comparison
to the low lying hill slopes. The record of landslides incidence clearly show that the thickness of
weathered zone/soil zone is fairly high and many of the landslide incidents are due to anthropogenic
activities. Most of them are slump type followed by debris slide, rock slide and rock fall.

A prominent landslide located at the foothills of Navagraha temple in Guwahati caused slipping
down of wall boundary of a house along the slope in the year 2002. There were four casualties in
July 1999 at north Kalapahar, where in the vicinity more people had already died in August 1987
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due to another slide. In both the cases causative factors were heavy rains. In 1982 at Birubari the
death toll of 4 people was also on account of heavy rainfall followed by a landslide.

Manipur

The 50 TPD Capacity Hundung cement plant, Ukhrul District, Manipur, located on landslide debris
subjected to bull dozing for making a platform. During this process ofevelling the overburden
generated was dumped on the slopes and in the depression without achieving optimum level of
compaction (Gupta, Avasthy & Bhatia, 1992).

The charging of the foundation grade and slope forming material through surface and
subsurface fow and shaking of the ground through the vibrations generated by the Operations of
different machineries appear as the major causative factors leading to differential settlement and
slope instability.

Meghalaya

The slide located at 141.65 km from Shillong on Shilong-Silchar highway is of great signifcance
as the highway is the life line which can be gauged from the fact that 600-800 vehicle pass through
the affected area to reach Silchar daily. The slide frst occurred on 7th July, 1988 following heavy
rainfall in the area and is reported to have pushed a truck passing through the failing slope into
the river. Investigations revealed that it was essentially a debris slide in which the debris lying
above a sequence of alternate bands of sandstone and siltstone got mobilised due to erosion at the
river bed level abetted by the development of pore-pressure (Eckel, 1958) in the overlying debris.
The failed mass damaged the road and moved down into the river causing a partial blockade. The
failed slope covers an areas of 0.44 sq km. The progressive failure of the slide continued 30th
September, 1988. The road could be cleared in 14 days.

Mizoram

The 17th and 18th May 1995 witnessed heavy landslides in Chhimptuipui district of Mizoram
damaging a vast tract of land which includes two important townships of Saiha and Lawngtlai,
which is the life line for the population of this area. Apart from damage to the road and property,
39 people lost their lives and around 24 people suffered various degrees of injuries (Avasthy &
Chakraborty, 1995).

The immature topography of Mizoram having main lithological ingredients of siltstone, shale
and subordinate sandstone of Surrna Group of Tertiary age with complex structural disposition,
has varying thickness of overburden (02-20 meters). It was subjected to heavy cloud burst on 16th,
17th and 18th May, 1995 which resulted in large scale landslides. The area had also experienced a
mild earthquake of magnitude 3.5-4.0 on Richter Scale which aggravated the situation by coupling
the landslides which started as slump failure and culminating into debris and mud fows.
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The different road sections were also studied and a number of landslides having 5 m and more
height along these sections were recorded. Statistically higher incidence of 12.9 landslides per
km was observed in Nangpui-Diltang section, whereas one landslide per 3 km was noted in :he
Nalkawan Paither section. In this area slump failure is the major cause of the landslide and heavy
mud fow along natural water ways has imparted major losses.

The landslide located 7 km from Aizwal (Prasad, 1983), the capital town of Mizoram (Swamy,
1993); had killed 66 persons and destroyed 17 houses. It occurred on 9th August 1992 in early
morning hours when the inhabitants were fast asleep. Investigations revealed that the houses were
located on the toe of a dip slope made of calcareous sandstone, siltstone and thinly laminated clay-
stone. A quarry site located above the village along a road removed the toe support. It is a typical
case of planar failure. The downward movement of the failed mass took place along a lubricated
clay bearing plane. It is reported that it rained heavily for 2-3 days prior to the slope failure.

Nagaland

The Tuli Paper Mill slide in Nagaland was induced by the Indo-Burma earthquake of 6th August,
1988. The slide affected an area of 4000 sqm. This paper mill is located on overburden material
consisting of silt and clayey silt. Prior to earthquake it had been raining heavily in the area. The
damage caused by the landslide (Avasthy, 1989) was dislocation of the ground leading to the
closure of the operation of the plant for about six months. It involved replacement of several
machines. The extent of damages ran into crores of rupees.

Tripura

The hill-slope along which the water conductor system of Gumti Hydro-Electric Project is laid,
consists of massive to moderately jointed sandstone and partly weathered and highly disturbed
argillaceous sandstone with the intervening shale beds belonging to Bhuban stage of Tertiary age.
The sequence is folded into N-S trending anticline. The parts of the water conductor system were
damaged by slope failures (Avasthy & Singh 1992), which may be attributed to different causes,
such as, dislodgement of sandstone blocks along the adversely oriental valley ward dipping joint
planes. The saturation of overburden material and the underlying argillaceous sandstone and shale
resulted in multiple surface failure and debris fow. The removal of vegetation cover for ‘Jhum’
cultivation is quite prevalent in the area which accentuates the problem.

An Analysis

The landslides studied in the region are mostly located along the road cuts, besides some in rural
and urban areas because the construction of roads has followed the major drainage lines. Large
number of landslides have been studied during last two decades and have been categorised in
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ten types viz (i) Planar failure, (ii) Wedge failure, (iii) Rock fall, (iv) Debris slide, (v) Subsidence,
(vi) Minor slip, (vii) Slump, (viii) Creep, (ix) Earthquake induced landslides and (x)Unclassifed
landslides.

The old landslides at places have been converted into fat ground and have been more often
utilised for developmental activities. Hundung Cement Plant in Manipur and Mawnynkhong
village in Meghalaya are good examples of this. These places after construction developed
extensive creep, resulting in ground distress. The studies carried out have brought to light the
causative factors for which remedial measures have been suggested. Kohima in Nagaland and
Aizwal township of Mizoram are good examples of how demographic pressure under heavy
rainfall mobillised critical slopes in soft formations. The soft sediments, immature topography
and complex structural disposition are responsible for the landslides in Mizoram and in the foothills
of the Arunachal Pradesh.

In view of the critical slope all along the water conductor system, Reinforced Cement Concrete
(RCC) inthe cut and cover section was provided to protect this appurtenant structure of Gumti
Hydel Project in Tripura. Subsequently however, some unattended reaches of the water conductor
system were affected by the slope failure demanding suitable remedial measures.

The unstable conditions under water saturation is the major cause of the slope failure along the
rail alignment in Lumding-Badarpur section, Lalabazar-Bhairivi section, Badarpur-Dharmanagar
section and Dharmangar-Kumarghat section.

Conclusions

The foregoing description is an illustration of the constraints for the developmental activities as
prompted by the landslide hazard in context of the North Eastern Region . Landslides Hazard
Zonation considers inherent characteristics like (i) Geomorphology (ii) Geology (a)lithology (b)
structure (iii) Hydrology &Climate (iv)Land use (v)Vegetation. It also requires basic: information
on (i) regional tectonic setup (uplift) (ii) tilting (iii) faulting (iv) removal of support (natural &
anthropogenic) (v) seismic activity (vi) degree of weathering. The expectation of the society
unaware of various constraints which are out of landslides hazard zonation; lies in the predictions
of (1) spatial and temporal occurrence (2) type of landslide, (3) volume of the mass involved (4)
velocity with  which mass moves out ward and (5) the distance which will be covered by the
moving mass. In absence of the inputs of this information the situation remains hypothetical as
far as preventive measures are concerned which are to be adopted along with the developmental
schemes.

Mazumdar (1980) attempted a Regional Hazard Zonation Map on the basis of susceptibility to
landslides in terms of physico-mechanical properties of rocks underlying the slope and intensity
of rainfall.. The disastrous landslides of 1995 devastating the town of Saiha and Lawngtalai
leaving 39 dead and 24 sustaining various level of injuries motivated the author (Avasthy
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Figure 1: Landslides Hazard Zonation of the North Eastern States

1998) to prepare a modifed Landslide Hazard Zonation map on pragmatic inputs of slope
characterisation, physio—-mechnical characteristics of the rock mass, nature of overburden
material, intensity of rainfall and above all magnitude of landslide incidences (Figure.l1).

The demarcation of landslide hazard zones by using input of landslide incidences has higher
degree of rationale and with more efforts this input may lead to better defned zones of
landslide potential too. Though societal anxiety can not be silenced by these maps, their
mesoscale versions can certainly provide generalised answers to its quarries. The temporal
and spatial prediction of landslide still being a far dream, the micro zonation of the areas with
higher and moderately higher categories in LHZ maps could provide more accurate answers
to some of these quarries.

The disaster management has two basic ingredients; one is identifcation of the problem in
relation to the targeted area(s), and second is working strategy to achieve the higher level of
mitigation. But the process of mitigation is dependent on the economics of the cost beneft ratios.
Thus under these considerations areaare to be identifed for implementation of mitigation
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action plan which can be made possible through these landslide hazard zonation maps.

Such landslide hazard zonation maps would help the planners to make an assessment of

the ground conditions for taking up the site specifc geotechnical investigation as an essential
basic premise to the ground friendly developmental activities. It is recommended that based
on such exercise regional zoning laws may be formulated and enforced in the critical landslide
prone areas in all the North-Eastern States, which will go a long way in ensuring the safety and
longevity of the people and safe civil constructions in the area.
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Introduction
Apart from the close proximity to each other and breath taking scenic beauty, another common
feature of the states in the North Eastern region is their high degree of risk and vulnerability to high
intensity earthquakes. The North Eastern Region has experienced 18 large earthquakes (M>7) during
the last hundred years including the great earthquakes of Shillong (1897) and Assam-Tibet border
(1950) both with M=8.7. Several small and micro earthquakes have also been recorded frequently
in the region. The high seismicity in the North Eastern states is attributed to the collision tectonics
between the Indian plate and the Eurasian plate in the north and subduction tectonics along the
Indo-Myanmar range (IMR) in the east. It is also observed that the lithospheric subduction at the
Himalayan belt ceased during Pliocene time and the current shallow seismic activity is the effect
of continental collision. Subduction, on the other hand, is still continuing in the Indo-Myanmar
Range, which is refected in the intermediate to deep focus earthquakes occurring in the region.
The high seismic risk and vulnerability in India can be seen from the fact that 10.9% of it’s
geographical area falls in the seismic zone V which is vulnerable to very high seismic risk, while
17.3% of it’s geographical area falls in seismic zone 1V vulnerable to high seismic risk. Together,
these two zones cover 28.2 % of India’s geographical area. According to the Vulnerability Atlas of
India prepared by the Building Materials Technology Promotion Council (BMTPC), 229 districts
of India fall within seismic zones 1V and V. This Vulnerability Atlas has been prepared based on the
past trends of earthquakes in the country and efforts are now under way to prepare a probabilistic
seismic hazard map for India, with the help of seismic experts and scientifc institutions, to more
realistically refect the seismic risk and vulnerability profle of the country.

Given the high seismic risk as refected in the vulnerability of 229 districts in 22 states
and union territories of India, the Government of India has initiated several pioneering efforts to
strengthen the earthquake preparedness in the country through a proposed National Earthquake
Risk Mitigation Project (NERMP) which is currently getting fnalized. This article provides an
overview of some of the measures which are being proposed to address the seismic risk in the
North Eastern region.

Construction of All New Structures
The high seismic risk in the North East makes it imperative that all new construction of buildings,
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public infrastructure, amenities and assets coming up in the region will have to strictly comply with
the codal provisions of the National Building Code 2005, relevant earthquake-resistant building
codes and other safety codes. The offcials responsible for scrutinizing building plans and granting
building permissions have to be made aware of the existing standards and codes which have to be
followed while carrying out the construction of structures in high and very high risk zones. The
grant of bank loans for the construction of any new structures has to be made contingent on the
compliance certifcate issued by a competent structural engineer that the design of the structure
has incorporated the necessary earthquake-resistant features as mandated by the National Building
Code 2005, relevant earthquake-resistant building codes and other relevant safety codes.

Review of Safety of Existing Lifeline structures

A large number of existing non-engineered building stock may have been constructed by private
builders and masons who may not have the necessary technical skills to construct earthquake-
resistant buildings. Even in the case of masonry structures and reinforced cement concrete
constructions, it is likely that adequate attention may not have been paid to the structural safety of
the buildings to withstand high or very high intensity earthquakes. It is necessary for the district
administration to identify critical lifeline infrastructure and public assets and carry out structural
safety audit of such structures with the guidance of trained technical personnel. Wherever it is felt
that the structures are weak and fragile and cannot withstand high or very high intensity earthquakes,
a priority list of such structures has to be drawn up by the district administration and their seismic
strengthening and retroftting taken up with the support of state government resources. NDMA, in
collaboration with the state governments, has proposed the selective retroftting of a few selected
district hospitals from the North Eastern states and a few selected schools from selected districts
from seismic zones IV and V from the North Eastern states.

Capacity Building of Technical Personnel

The engineers, architects, lead masons and masons engaged in the construction industry will have
to be provided with the skills and knowledge on earthquake-resistant construction techniques,
structural safety audit of existing critical lifeline structures and seismic strengthening and retroftting
of weak structures. NDMA has initiated the preparation of a National Earthquake Risk Mitigation
Project (NERMP) in collaboration with state governments in high and very high risk seismic
zones IV and V. Capacity Building of Technical Personnel is one of the most important activities
envisaged in this proposed project, by involving the Indian Institute of Technology, Guwahati,
selected engineering colleges and architecture colleges, and selected Industrial Training Institutes
and Polytechnics in the North Eastern states. The course curriculum has been fnalized with the help
of technical experts from the 11Ts and Indian Institute of Architecture. These training programmes,
when conducted as a part of the national initiative, will improve the capacity of technical personnel
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in the construction industry to undertake earthquake-resistant construction in the North Eastern
states and to carry out seismic strengthening and retroftting of critical lifeline structures to enable
them to withstand high intensity earthquakes in future.

Public Awareness on Earthquake Risk and Vulnerability

All stakeholders need to have greater awareness on the earthquake risk and vulnerability in the
North Eastern states, as an aware community is better prepared to face earthquakes when they
occur and to minimize the loss of lives, injury and loss of assets, property and infrastructure through
their conscious actions. NDMA, in collaboration with the state governments and State Disaster
Management Authorities, proposes to launch intensive public awareness campaigns on earthquake
risk and vulnerability in earthquake-prone areas, using electronic and print media as well as
street plays, hoardings, wall paintings, etc. Special campaigns will address youth in educational
institutions and children in school going age group to disseminate the public awareness messages
among their neighbourhood communities. In the event of the sudden occurrence of an earthquake,
the local communities must have the basic skills of search and rescue, evacuation, establishment of
temporary shelters, emergency frstaid, distribution of relief to the affected households, etc. Village
level disaster management task forces have been set up in several villages to carry out tasks like
search and rescue, frst aid, shelter management, relief coordination, needs & damage assessment,
distribution of relief, water & sanitation in the disaster-affected villages, trauma counseling,
patrolling, and disposal of dead bodies and animal carcasses, etc. The public awareness campaigns
will be supported by other stakeholders like corporate sector, non-governmental organizations,
faith-based organizations and community based organizations like mahila mandals, yuvak mandals,
self help groups, etc.

Regulation and Enforcement of an Appropriate Techno-Legal Regime

In the developing countries, weak compliance of building codes and town planning byelaws and
inadequate attention to enforcement and regulation are resulting in the loss of lives, injuries and
loss of property when earthquakes strike. In the developed world, even a high intensity earthquake
causes minimal loss of lives and property as the construction of buildings, public infrastructure
and amenities in these countries is governed by strict regulations which ensure public safety. Thus,
a high intensity earthquake in the United States of America or Japan may not lead to the loss of
lives of a large number of people because the compliance with a rigorous techno-legal regime
will ensure that few buildings will collapse resulting in low loss of lives. Even in the developing
countries, recent earthquakes have shown that while the buildings constructed in strict compliance
with earthquake-resistant building codes and other safety regulations have been able to withstand
the impact of the earthquakes, poorly constructed buildings in the same neighbourhood have
collapsed resulting in loss of lives and destruction of property and assets.
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We have often heard the saying: “Earthquakes don’t kill; collapse of buildings does.” The
enormous loss of lives and injury to people can be minimized by the strict compliance and
enforcement of an appropriate techno-legal regime which consists of modifed town planning
bye-laws, earthquake-resistant building codes and other relevant safety codes, building bye-laws,
National Building Code 2005, Development Control Regulations, etc. in the jurisdiction of the
Urban Local Bodies and their extension to semi-urban and rural areas under the jurisdiction of
various local administration agencies. The rigorous enforcement of a techno-legal regime is a
sine-qua-non for the creation of an enabling environment which assures the safety of it’s citizens
in disaster-prone areas.

Institutional Capacity Development

With the active involvement of the State Governments, the Government of India will strengthen
the institutional capacity in the North Eastern region in the feld of disaster management. This
will include strengthening of the Communication network and network of seismic monitoring
stations in the North Eastern region, improving the scientifc capability of science and technology
institutions, academic, professional and research institutions in the region, incorporation of disaster
management in the curricula of educational institutions and professional and vocational institutions,
support to research and development initiatives and documentation of coping strategies and good
practices and their wide dissemination in earthquake-prone areas.

Improved Emergency Response Capacity in the Region

The Government of India has deployed a well trained and well equipped battalion of the National
Disaster Response Force (NDRF) at Guwabhati for the North-Eastern states. Specialised teams of
this battalion have also carried out familiarization visits in the various North-Eastern states and
interacted with state government and district administration offcials and conducted community
capacity building sessions. State Governments have been advised to establish State Disaster
Response Force (SDRF) units from their existing police force and such forces will be trained and
equipped with life saving equipments purchased with 10% of the Calamity Relief Fund allocations
to the states. The volunteers of the Indian Red Cross Society chapters, Nehru Yuvak Kendra,
National Social Service, National Cadet Corps, Home Guards and Civil Defence, etc. will be
trained to carry out specifc disaster management related tasks to assist the district administration.
Elected representatives of the Panachayati Raj Institutions will also be encouraged to play an
important leadership role in coordinating the disaster management efforts at the local levels.

Conclusion
The enormous investment outlays for strengthening the road network, rail network and air transport
network for the North Eastern region proposed for the Eleventh Five Year Plan period and the
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development of urban infrastructure and amenities through the Jawaharlal Nehru National Urban
Renewal Mission (JNNURM) projects and the proposed new public infrastructure and amenities in
the region will have to be designed with special attention to the earthquake risk and vulnerability in
the region. Simultaneously, there is a greater need to strengthen the medical preparedness and mass
casualty management facilities in the region by planning the procurement of helicopter ambulances,
containerized mobile feld hospitals and integrated ambulance network. The public awareness on
earthquake risk and vulnerability will become the foundation for an enlightened multi-stakeholder
initiative to launch a concerted attempt to usher in a culture of preparedness, mitigation and
improved emergency response in the North Eastern Region. The National Disaster Management
Authority of the Government of India and the North East Council will work in close cooperation
with the Ministries and Departments of the Government of India and the state governments of the
North Eastern states to work towards the vision for a “Disaster Resilient North East “ which puts
the safety of it’s citizens, disaster-resistant capability of the critical infrastructure, public amenities
and assets as well as improved community resilience among disaster-prone communities as it’s
foremost objectives.
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The Malady

The North Eastern Region (NER) of India is seismically one of the most active intra-continental
regions of the world. Seven out of the eight States in our NER fall in the maximum seismic
vulnerability Zone-5; only Sikkim (included as a Member of the NER family in 2005) is in
Zone-4. In fact, Northeast India was identifed (Honolulu Workshop : 1978) as one of the six most
earthquake prone areas of the world, the other fve being Mexico, Taiwan, California, Japan and
Turkey. As many as 995 Earthquakes (EQ) of varying intensity were recorded during the fve years
(2001-2005) in the NER. Tremors from 26 EQs of intensity 7 and above have been felt in the NER
over the 113 years after the devastating Shillong EQ of 1897. (Appendix-1)

Geological Evolution of NER
The reason behind such high frequency of EQs in NER lies in the geological evolution of this part
of our country. Till about 65 million years back practically the entire NER was a sea-bed. Gradual
northward drift of the Indian Plate and its collision against the Chinese Plate in the North and the
Burmese Plate in the East, resulted in upward thrusts giving birth to the Himalayan range in the
North and the Axial Ridge along the Indo-Myanmar border in the East. Substantial quantities of
sediments started fowing downhill and getting deposited in the lower reaches raising the level and
resulting in delta formation and causing the sea to recede southwards. This deltaic environment
persisted for around 10 million years resulting in heavy sedimental deposits in areas that now
constitute the Upper Brahmputra Valley. Around 15 million years back fresh seismic activity
caused re-incursion of sea for a couple of million years but with further rise of the Himalayan
range in the north and emergence of Shillong and Mikir Plateaus towards the south, the sea receded
fully into the Bay of Bengal and the fertile Assam Valley was formed. In course of time, the plant,
animal and mineral material that had got buried under the heavy sedimental deposits turned into
the rich coal, oil and minerals deposits of the present times. The rivers earlier draining directly
into the sea waters became tributaries of the Siang that emerged as the main channel, now called
Brahmaputra, which took its shape according to the contours of the Valley.

The continuing geological process of collision of plates and the resultant upward thrust has
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been causing instability and seismic activity. Fortunately for us, the deposit of soft belt of sediment
along the Indo-Myanmar border on the Nagaland-Manipur side functions as shock absorber that
saves our adjoining areas from severe damage from the intense seismic activity and numerous
earthquakes occurring on the Myanmar side of our border.

The 3 active Earthquake Belts of the world

Experts have recognised 3 major Earthquake belts that account for almost 95% of EQs in the
world. These are the Circum-Pacifc Seismic Belt, the Alpide-Himalayan Seismic Belt and the
Mid-Oceanic Ridges Belt. “The second most active Alpide-Himalayan Seismic Belt starts from
South-East Asia near Java Sumatra, continues through Andaman & Nicobar Islands, India-Burma
border regions, swings through north of India in the foothills of Himalaya and then moves west
through Iran into Greece and Italy.” (Dr Harsh K Gupta). There are also a number of geological
Faults and Thrusts which are weak spots scattered across NER, as shown in the map below.

Earthquake — the deadliest natural disaster

EQs are responsible for more casualties and damage than any other type of natural disaster. As per
the World Disasters Report 2010, persons killed by the 290 EQs during the decade (2000-2009)
and Tsunamis/Landslides/ fooding etc triggered by them stood at the staggering fgure of 4,53,553
and the estimated damage added up to US $ 183,425 million (at 2009 prices).

Big killers: not EQ by itself but EQ-triggered phenomena,

Since our prime concern is to prevent and minimize loss of life, let us analyse the precise factors
that actually kill and injure people and damage property and public assets. It is interesting to note
that EQ by itself hardly kills directly. Death, injury and damage are caused mainly by collapse of
buildings and structures, by induced landslides causing similar damage of life, communication
network etc; fooding arising from bursting of dams or blockage of waterways by EQ-triggered
landslips (as had happened in Assam in 1950-EQ); or crippling damage to vital public utilities. Each
of these causative factors has to be studied and neutralised as effectively and urgently as possible.
This would require serious, purposeful and sustained risk-reduction effort well in advance.

EQ-triggered Collapse of Buildings is a major killer

Loss of life is the maximum in areas where population concentration is high like in urban
agglomerations. The situation gets further compounded when buildings are constructed in a
haphazard and unplanned manner without consideration for tremor-resilience and without proper
street pattern to permit movement of Emergency Relief & Rescue vehicles in emergencies. This
unfortunately is the state of affairs in most of the old towns in the NER and they are highly
vulnerable.
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Tectonic Features of the North Eastern Region Showing major EQs, Thrusts, Faults and Shear Zone

LATITUDE (N}

LONGITUDE (E)

Legend : STARS : 2 Great EQs (M > 8.0) of 11879 & 1950; CIRCLES : Large earthquakes (7.0 to 8); with years of events.
BLUE TRIANGLES : Digital Seismic Stations; HAT SHAPED LINE : Isoseismal XII (MM), of the 1897 Shillong EQ.
MCT: Main Central Thrust; MBT: Main Boundary Thrust; MFT: Main Frontal Thrust; DF: Dauki Fault; DT: Dapsi Thrust;
Dh.F: Dudhnoi Fault; OF: Oldham Fault; CF: Chedrang Fault; BS: Barapani Shear Zone, KF: Kopili Fault, NT: Naga Thrust,
DsT: Disang Thrust and EBT:Eastern Boundary Thrust.

(With grateful acknowledgement to J.R.Kayal, S.S.Arefev, S.Barua, D.Hazarika, N. Gogoi, A.Kumar, S.N.Chowdhury and
S.Kalita for their article in CURRENT SCIENCE, July 2006)

Model Building Codes for seismically resilient structure (formulated by experts) had been
circulated among the States at the initiative of NDMA. The question is whether these have been
notifed and enforced and if so are these being sincerely implemented. This is important since the
general attitude even among the literate, well-to-do sections is to ‘manage’ things in such a way
that all formalities are satisfed and regulations complied with “on paper”.

The last 2 Major EQs (8+) struck NER at an interval of 53 years, the Shillong EQ in 1897 and
the Assam EQ in 1950. Sixty years have gone by since then and apprehensions of recurrence of a
similar calamity are rife. One shudders to think of the likely consequences, God forbid, of such an
occurrence in the vicinity of a big town. An idea of what could happen is given below.
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Lessons to be learnt from two recent EQs in Haiti and Chile

An eye opening example of the large extent to which life and property can be saved by advance
preparation can be vividly seen from the following factual account of two very recent EQs of
comparable magnitudes, one in Chile and the other in Haiti.

An EQ of magnitude 7.0 struck Haiti in the afternoon (16:53 hrs local time) on 12 Jan 2010.
250,000 residential and 30,000 commercial buildings were reported to have collapsed or severely
damaged and needing demolition. Early estimates put the death toll at 2,30,000, the injured at
3,00,000 and those rendered homeless at 10,00,000. (However, a subsequent investigation by
Radio Netherlands questioned the offcial death toll and reported an estimate of 92,000 deaths as
being a more realistic fgure (which is enormous enough).

Compare this to a stronger EQ of magnitude 8.8 Mw that struck Chile just 45 days later on 27
Feb 2010 at 03:34 local time, a time when most people are expected to be in bed at home. It was
strongly felt in six regions inhabited by around 80% of the country’s population. 3,70,000 homes
were affected and death toll as per the early reports was only 802. Later the actual identifed death
toll was reported to be 486.

The only difference was that in Chile Town Planning and Building Codes had been adhered
to, the towns were well-planned and the buildings were EQ-resilient: most did not collapse. That
saved precious lives and limited the extent of damage.

As Roger Bilham writes (Nature: Feb 2010) in his article Lessons from the Haiti Earthquake, on
the basis of site-study, “..the reason for the disaster was clear in the mangled ruins — the buildings
had been doomed during their construction. Every possible mistake was evident: brittle steel,
coarse non-angular aggregate, weak cement mixed with dirty or salty sand, and the widespread
termination of steel reinforcement rods at the joints between columns and foors of buildings
where earthquake stresses are highest.... The death and injury of about 15% of more than 2.5
million people in Port-au-Prince and its urban agglomeration, and the roughly 1.5 million people
now homeless, is a consequence of many decades of unsupervised construction permitted by a
Government oblivious to its plate boundary location.....”

The Haitianexample hasastrong message for usinthe NER where the situationis qualitatively not
very different. High-rise steel-and-concrete structures (with little regard to seismic considerations)
have come up in urban agglomerations alongside old weak buildings. Implementation of Town
Planning Regulations and Building Codes even where they have been updated with seismic
considerations, is weak. The situation particularly in capital towns of hill-States is highly perilous.
The Haiti example has thus a strong message for us in the NER since implementation of the Model
Building Codes (incorporating EQ-resilience angle) circulated by NDMA quite some time back (if
at all brought into force) leaves much to be desired. There is not a day to lose in going all out to
commence remedial measures and prevent this scale of damage in our region.
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Havoc by EQ-triggered Landslides and blockage of waterways

Landslides triggered by EQs pose a danger to hillside habitations. Sometimes such landslides
block waterways and unless the blockage is cleared urgently, the bursting of this blockage by
pressure of accumulated water would cause havoc. It was such a landslide triggered by the great
Assam Earthquake of 1950 that blocked the river and the waters fnally burst out with tremendous
force. The resulting deluge washed away all that lay in its way, including the Sadiya town and parts
of Dibrugarh. Such phenomena might also have been responsible for the unbelievably large loss of
life in a few notable EQs in the past, viz.,

Date Region Deaths

27 07 1976: China — Tangshan | 2,42,000:

16 121920 : | China— Kansu 1,80,000

28121908 : | Italy — Messsina 1,20,000 Messina & Regio razed to ground
07.09.1303: China- Shanxi 8,30,000 Probably the greatest known natural disaster

Landslides need to be given more focused attention

EQs have the effect of triggering off dormant and potential landslips and this is a big potential

threat to life, property and public assets. Some of the items fagged in the First Indian Landslides

Conference (Lucknow: 01-02 Nov 10) merit serious consideration. These include the following:

I. periodic updating of the inventory of all active landslides and need for networking and free
exchange of information/data among all the concerned agencies.

ii. Close monitoring of active landslides that threaten human settlements and pose a risk to life,
property and important public assets.

iii. Studies on landslides and relentless R&D efforts to enhance predictive and advance warning
capabilities.

iv. Listing of passive Landslide sites likely to be triggered off by events like Earthquakes etc

v. Public awareness programmes on Landslides and Do’s & Don’ts with involvement of students,
PR functionaries and NGOs.

EQ Forecasting capability is still being developed

While the phenomenon of build-up of energy deep below the surface of the earth leading to
EQs is generally known to our scientists, the ability to modulate the same to our advantage, to
defuse the fury or divert them to safer locations is still beyond reach. In fact, we seem to be largely
helpless even in making short-term forecasts of place, time and magnitude of likely EQs with
reasonable and acceptable degree of accuracy and precision.

In medium-term forecasting, appreciable success has been achieved by our eminent world
famous Seismologist Dr Harsh K Gupta, Pannikar Profesor, (formerly Secretary (Ocean
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Development), Director, National Geo-physical Research Institute Hyderabad and Professor,
University of Texas). He along with his colleague Dr Singh, after deep study of seismology of
NER, made (1986) a forecast that an earthquake of likely magnitude of 8+0.5 with focal length
between 10-40 km in the specifc area bound by Latitude 21 to 25.5 degrees N and Longitude 93
to 96 degrees East in NER, was likely to occur anytime between 1986 and 1990. This forecast did
come true and an EQ of 7.5 magnitude did occur in the area (25.12 N and 95.17 E) at a depth of
115 km on 06 Aug 1988.

One notable instance of successful Long-term forecasting is that of the HAICHENG EQ (7.3)
in China that occurred on 04 Feb 1975. The forecasting exercise was conducted in 4 stages. The
frstwarning (of an EQ in 1-2 years) was issued in 1974. Intensive studies continued and prediction
of EQ in Frst half of 1975 was issued on 28.1.75 following observation of animal, hydrological and
electromagnetic precursors. In the 4th stage following 2 foreshocks of 4.7 and 4.2 intensity on the
early morning of 4.2.75 full red alert was declared and the people were evacuated from the danger
zone. The predicted EQ did occur at 19:36 hrs on the 4th February itself. As per estimates around
1,00,000 lives were saved by this successful forecast of this EQ and immediate follow-up action
to evacuate the residents with the help of the military.

Scientifc Study of EQ-Precursors
The mighty upheavals below the ground which burst out overground with earth-shaking

intensity in the form of EQs, cannot but give out some tell-tale signs during their long building-up
phase. The fact is that warnings are very much there and animals perceive them and show visible
signs of panic. Our tribal communities in the Nicobar Islands could intuitively sense the danger
and took to high ground which saved their life from the fury of the tsunami in 2004. On the other
hand, the *advanced’ communities and establishments in the nearby Andamans were taken totally
unawares and suffered serious damage. Unfortunately, the so-called ‘advanced’ people/ societies
have lost the God-given gift of the faculty of intuition and intuitive perception. That way our
communities in NER are at an advantage: only we have to give due importance to their indigenous
wisdom and traditional coping practices.

Dr Arun Bapat, an eminent and dedicated seismologist-researcher, in his researches examined
animal and human precursors and made some signifcant and interesting observations. In his
studies of some recent EQs e.g., Latur (1993), Bhuj (2001), A&N EQ-triggered Tsunami (2004)
and Kashmir (2005), he observed the following:

* Spurt in number of OPD-patients 5-7 times the average, 10-15 hours before EQ (especially
in problems of psycho-somatic origin (like blood pressure, heart trouble, headache, migraine,
respiratory disorders, restlessness etc.)

*  Number of deliveries went up 3-5 times the average on the penultimate day of EQ and to 7
times the average on the day of EQ.
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These are useful inputs that can serve as useful pieces of information which when examined along
with relevant data in respect of other known precursors (OLR/ Hydro/Thermal/Electromagnetic
and others), collected by a number of scientifc/academic institutions and researchers from different
locations and transmitted in real-time to a Regional Data Collection and Decision Support Centre
and studied by multi-disciplinary team of experts, can give authentic forecasts that could result in
saving of invaluable lives and valuable property and public assets. Further studies and research are
needed.

NEC has also initiated some studies and researches jointly with NEIST. These are going to be
expanded substantially by mobilising academicians in the Universities known for their work in this
Teld and other eminent scientists and researchers known for their work on EQs and EQ-precursors.
This programme will be coordinated, supervised and monitored by a core monitoring team of
top-level experts on the subject in the country. Dr Harsh Gupta’s guidance has been sought in this
regard. We are hopeful of breaking new ground in this feld that will enhance reliability, accuracy
and precision of our forecasting capability in the coming years.

Contours of the malady have been given above and now let us deal with the remedy in the
following section.

The Remedy
(a) Achievements so far

Paradigm shift in DM Strategy: Pre-disaster Risk Reduction and Mitigation

Enactment of the Disaster Management Act 2005 and the setting up of the National Disaster
Management Authority (NDMA) chaired by the Prime Minister himself, have brought about a
paradigm shift in Disaster Management (DM) strategy. The emphasis on post-disaster Relief &
Rehabilitation prevailing since the old colonial days has now been shifted to Pre-Disaster Risk
Reduction and Mitigation.

Mandate to the Ministries/Departments

Ministries and Departments of the Central Government are now mandated by the DM Act to
prepare disaster management plans (sec 37). The State Governments have to integrate into ...
development plans and projects, the measures for prevention of disaster and mitigation; and to
allocate funds for mandatory responsibilities have been cast on the States also.

Implementation machinery: NDMA, SDMAs & DDMAs
The machinery to plan and implement the new DM strategy, viz., the National Disaster Management
Authority (NDMA) at the Centre under chairmanship of the Prime Minister and the State Disaster
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Management Authorities (SDMASs) under the chairmanship of the Chief Ministers, are in place
and functional in all the States. The machinery permeates down to the District level in the shape
of the District Disaster Management Authority (DDMA) in each District chaired by the Collector/
District Magistrate/Dy Commissioner.

Comprehensive guidelines have been prepared by the NDMA on dealing with various types of
disasters. These have to be followed by all concerned in te manner and to the extent considered relevant
for the local conditions and situations which will differ from place to place and time to time.

Need for a Regional approach in NER: Role of NEC
Geo-climatic and topographical factors in NER are such that DM Plans of individual States of
NER are likely to prove inadequate unless closely integrated with those of neighbouring States
and of Assam through which most of the inter-regional and intra-regional communication links
traverse. Therefore, one of the frst tasks taken up by us in NEC (reconstituted in Mar 05 as the
Statutory Planning Body for the 8 States in NER) was to formulate a Regional Framework for DM
in close consultation with NDMA. These are suggestive and implementation is left to the State DM
machinery. The points fagged in the Regional Framework inter alia include the following:
(i) Compilation of Authentic Data-base & Coordinated R & D Studies under competent
supervision/monitoring)
(if) Microzonation/Vulnerability Mapping:
(iii) Develop Predictive and Advance warning Capability:
(iv) Mass Awareness Campaign
(v) Capacity Building of the various Stakeholders on subjects that may include the following:
»  Skilled knowledge on seismic risk, vulnerability and Quake-resilient structures
»  Preparedness and Response skills relevant to the area/risk/situation;
» Retroftting of existing buildings/structures (especially of Lifeline structures)
* Modifed Town Planning Regulations and Building Bye Laws and need for massive
Training Campaigns for all those involved in constructions

Stages in capacity building may include:
a. Preliminary sensitisation:
»  Concerned State Govt functionaries (especially PWD & Urban Dev Dept) mainly at State
Hags.
b. Training of Key Resource Persons (KRPs) as Master Trainers
*  Professionals, especially Engineers and Workers (in both Public & Pvt Sectors) engaged
in construction works;
*  Engineering Colleges, IITs etc;
*  University (relevant Depts); Senior students in HS Schools;
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*  PRIs, Youth and Women’s organisations in towns and villages;
(First-level courses to be organised by NDMA/NEC. Thereafter SDMAs would organise
further training courses step-by-step downwards with the help of these trained resource
persons. Every Gram Panchayat may have 6-12 Civil Defence Volunteers - Gram
Rakshaks - trained in DM/DRR/Relief duties).
c. Carrying forward by SDMAs of training programmes on a continuing basis with assistance of
these KRPs.
(i) Advance Disaster Risk Reduction measures - Preparations on the Ground:
a. Fail-safe Emergency Communication System (to reach warnings of impending Disasters
up to Village level without loss of time) and Digital Tele-Health Disaster Network for
NER (to reach expert medical/para-medical services to the affected people in emergency
situations).
b. Human Infrastructure: Organise Gram Rakshaks —Volunteers under Civil Defence Organisation
as suggested by NDMA, at Gram Panchayat level, trained in DM/DRR/Relief functions.
c. Material Infrastructure for Disaster Risk Reduction-cum-Relief
d. Study of specifc Landslide sites at important locations (e.g., on arterial roads that disrupt
communications year after year) by acknowledged experts

Substantial progress has been made by them in respect of the different types of disasters
relevant to them. These are not being touched on in this paper in the interest of brevity, since
representatives of SDMAs participating in the National Conference will no doubt be including up-
to-date progress under various heads in their presentations. What generally merit focused attention
are all the possible and feasible ways to neutralise the killer-factors of EQs as mentioned earlier.
Meanwhile a move has been initiated for setting up of NE Regional Disaster Management Decision
Support Centre (NERDMDSC) at NESAC (to begin with) to provide single-window service to
State DMAs for all types of disasters.

The Road ahead

Highest priority to vulnerable buildings/structures

» Pressure has to be built for updating Town Planning Regulations and Building Bye-laws, their
strict implementation and retro-ftting of vulnerable structures especially life-line buildings
like hospitals etc.

Mass Awareness Campaigns
o State-level public awareness campaigns with talks by experts, exhibitions and
demonstrations;
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» Reaching School-students and teachers (A programme of regular telecast of DM-oriented
modules over the EDUSAT Network is being worked out jointly by NEC/State Govts/NDMA/
ISRO with NESAC playing the key role. It is due to commence shortly in Meghalaya on pilot
basis, to be followed soon in other States.)

NEC, in its Regional Disaster Management strategy, has emphasized inter alia the need for
inter-state coordination among the State Disaster Management Plans of the NE-States with their
neighbouring States. Geo-climatic and topographical factors in NER are such that DM Plans of
individual hill-States of NER are likely to prove inadequate unless closely integrated with those
of neighbouring States and of Assam through which most of the inter-regional and intra-regional
communication links traverse. This Conference is expected to consider this issue also.

Ensuring safe new buildings and retroftting of old unsafe structures

Several more questions also arise, like whether all the concerned architects and engineers are
trained in EQ-resilience techniques in new constructions and retroftting of old ones to make
them resilient (since this is a comparatively new development); whether the Junior Engineers,
supervisors and masons have been put through appropriate training capsules, since most of houses
in rural areas and small towns are not engineered but built by masons. NDMA has been stressing
these points and it is for the State Disaster Management Authorities (SDMAS) to place them high
enough on their priority list.

Given these ground realities perhaps the most effective way to get these life-saving regulations
implemented on the ground in letter and spirit than merely on paper, is to spread public awareness
of the dangers that non-EQ-resilient structure pose not only to those living within but also to their
neighbours. Experience shows that students are the most effective agents to carry the message
across the board since they permeate all sections of the society. One may decide in favour of saving
some money by not taking expert advice, but may not be able to disregard plea of his own young
son or daughter to ensure that their house is made EQ-resilient to save lives of family-members as
well as of neighbours in the adjoining buildings.

NEC jointly with NDMA and State Govts has been organising 2-day State-level Disaster
Management Workshops with personal participation of the Chief Ministers, in fve States so far
for creating awareness and preparedness. Also a pilot programme of utilising EDUSAT network
for telecasting Disaster-related modules specially designed for creating awareness and knowledge
of do’s and don’ts among School students and teachers. NESAC (North Eastern Space Application
Centre) a joint-venture of ISRO and NEC, has been playing the coordinating role in this endeavour.
It is proposed to be introduced frst in Meghalaya on a pilot basis and thereafter in other States in
a phased manner. Unfortunately, EDUSAT coverage is limited only to a fraction of Schools in the
States. Special programmes will, therefore, have to be organized on a large scale with the help of
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teachers, NGOs and others to cover the entire student-population and Municipal/Panchayati Raj
functionaries.

In this context, it may be relevant to invite reference to a recent (Oct 2010) Report brought out
by the World Bank titled It is Not Too Late : Preparing for Asia’s Next Big Earthquake. While the
focus of this Report is on Phillipines, Indonesia and China, it cites a ‘best practices’ example of the
Istambul Seismic Mitigation and Emergency Preparedness Programme (ISMEP) as an example of
a successful and on-going earthquake risk management programme.

Conclusion

To sum up, the roadmap for saving life and property in the event of earthquake would include:

i) Making new structures earthquake resilient and retroftting the old and week structures.

il) Training of engineers right up to the level of masons.

iii) Orientation programmes for policy-makers.

iv) Sincere and effective public awareness campaigns specially for students and NGOs on large
sale

v) Popularizing simply dos and don’ts as advised by authorities.

Discussions, exchange of views and of the best-practices followed in different States on these and
other relevant issues in the forthcoming National Conference will no doubt prove to be of great
value. However, the experiences in a democratic set up like ours has been that success of any such
programme would depend on public awareness and mobilistion of strong public opinion in favour
of steps aimed at investment of some time, labour and money for substantial long term gains of
saving invaluable lives and valuable property. Mere issue of orders by the authorities does not take
us far. In this context, awareness drive amongst students is expected to yield the best result since
they permeate all sections of the society/community and have the knowledge and enthusiasm.
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P.G.Dhar Chakrabarti
Executive Director
National Institute of Disaster Management, New Delhi

Every year seismic observatories record about two hundred earthquakes of varying intensities
with epicenters in or around the North Eastern Region of India. Most of these quakes do not
cause any damage and generally go unnoticed, although the cumulative effects of such a large
number of shakes on the stability of the hilly slopes and soil erosion has escaped serious scientifc
investigations. On an average 1.3 earthquakes every year are recorded 6+ in the Richter scale and
each one of these could be potentially dangerous if this had shallow depths or located near human
settlements. Big earthquakes with intensities 7+ return once in 16 years in the region and mega
earthquakes of 8+ have a return period of 50 to 60 years.

The North East had two recorded mega earthquakes — the 8.7 earthquake of 12 June 1897
in the Shillong plateau and Independence Day earthquake of 1950 of same magnitude in Tibet-
Arunachal border. The 1897 earthquake had killed 1540 persons, injured lot many and damaged
houses and infrastructure over wide areas extending upto Dhaka and Kolkata. The 1950 earthquake
killed a minimum of 1500 people and triggered a large number of huge landslides that dammed
many tributaries of Brahmaputra and changed the course of the river itself. Large areas of the river
valleys were fooded; tracts of fertile agricultural land became parts of river bed while many areas
irrigated by river water became dry. This has had long term impact on environment and livelihood
of the people in the region.

Earthquake Risk Assessment

While volumes have been written on earthquakes of the North East Region, comprehensive
scientifc assessment and analysis of the risks of earthquake in the region in both qualitative and
quantitative terms is yet an unfnished task. Geologists and seismologists have generally mapped
the earthquake zones and identifed the main fault lines, but current status of the fault lines and
probable future rupture points are largely not known. As Dr. D.R.Nandy has pointed out in his
paper in this volume ‘many questions concerning the exact location and nature of earthquake
sources based on contemporary tectonics have remained largely unsolved’. The prediction of the
Manipur-Burma border earthquake of 6 August 1988 had created hopes of similar predictions,
but further research pointed enormous complexities of such predictions and in fact the future of
earthquake predictions still remains nebulous. This is true not only of the North East but of other
regions of the world as well including the most advanced countries. Microzonation of two cities
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in the North East had been completed but there are large areas of very high risks where similar
studies are yet to be taken up. All these gaps in our existing knowledge and understanding of the
hazards of earthquake in the region defnitely call for a more focused, sustained and time bound
multi-disciplinary research agenda and provisions of state-of-art infrastructure and necessary
investments for pursuing the agendas under expert supervisions.

If our understanding of earthquakes of the region is still ad hoc, our knowledge of the
vulnerabilities of the earthquakes is even more incomplete. Our Census data does give good ideas
of the settlement pattern in urban and rural areas and the type of dwelling houses in which people
live. But the building typologies captured in our census do not give us defnite clues about the
seismic strength of either the old or the new structures. The 2001 census, for example, registered
a total of 90.28 lakh dwelling houses in the North East with average occupancy of 4.3 persons
per house, but the foundation, age or other parameters of seismic strength of these structures are
not captured and no other alternate data sources are available on the basis of which any realistic
assessment of seismic vulnerability of these structures could be assessed scientifcally. This again
calls for more research into the vulnerabilities of built environment.

The Vulnerability Atlas of India relied on the census data to conclude that 8.9 lakh houses
made of mud and unburnt brick and 46 thousand houses with stone wall in the North East very
highly vulnerable to earthquakes, while 13.8 lakh burnt brick houses have high vulnerabilities. It
is @ matter of conjecture how these buildings would behave during earthquakes. One redeeming
feature of the North East is that nearly 66% of the dwelling houses in the region are made of
bamboo, thatch or other light weight materials which may collapse during earthquakes but not Kill
many people. The poor economic conditions of the people have in fact been blessings in disguise.
The indigenous communities in the region have very sound knowledge about the strength of locally
available building materials and expertise about designing structures with such materials which are
not only cost effective but resistant to the shaking in many big earthquakes. There is a defnite need
for further knowledge and research on indigenous housing design and technology and strengthen
them further to make them withstand strong ground motion.

Census data reveals that more than 3 lakh houses in the North East are made of concrete walls.
Most of these do not conform to the earthquake resistant building norms. Many of these houses
are constructed on dangerous slopes. Structural engineers have apprehensions that many of these
structures may not withstand the shocks of even minor earthquakes. Unfortunately numbers of
such vulnerable structures are on the rise and in some cities like Aijwal, Itanagar etc these are in
fact dominating the urban landscapes. These have been further compounded by the increasing
number of multi-storied structures that fout the norms of basic safety and seismic standards. The
photo interpretation of the vulnerable structures in the capital cities of the North East at the end of
this volume by Dr. Chandan Ghosh would demonstrate the risks that are being added unabated in
the urban areas of the North East just as in other parts of the country.
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Engineered public buildings in the North East builtaccording to 2002 BIS codes would defnitely
withstand the shocks of earthquakes, but most of the public buildings were constructed prior to
the introduction of the codes and their current seismic strength are not known. Similarly many
buildings like schools, community centres, dispensaries etc were constructed through the rural
development department or communities which do not generally apply seismic standards and most
of these structures are highly vulnerable in earthquakes. We do not yet have good knowledge about
the safety of the schools and hospitals which become very critical during and after the earthquakes.
We further do not have assessment of the structures of crucial administrative buildings like the
police stations, tehsil offces or district headquarters that would play important role in post disaster
situations.

North East still does not have good infrastructure like roads, bridges, railways, airports,
power projects, communication networks etc, but in the recent years sizeable investments have
been made and many more such investments are on the pipeline. It is not known how safe such
infrastructures are from mega earthquakes in waiting. Oil refneries and pipelines are another
critical infrastructure which are exposed to earthquakes and these must be retroftted adequately as
bursting of oil pipelines may cause fre would compound the damages due to earthquakes.

Earthquake Risk Scenarios

Disaster management is all about mitigation and preparedness based on worst case scenarios, but
there is hardly any exercise for building scenarios of earthquakes in the North Eastern Region.
On our request the United States Geological Survey developed a rough scenario based on the
parameters of 1950 earthquake by applying the PAGER (Prompt Assessment of Global Earthquakes
for Response) tools. The results of the study conducted only last month indicate that a 1950 type of
earthquake today would expose 19,000 people to violent shaking, 370,000 to severe shaking and
about 14 million to moderate to very strong shaking during such earthquake. Estimated fatalities
indicate a “red alert” suggesting very high casualties in such scenario. Late night earthquake when
people are in sleep would increase the casualties further.

The 1950 earthquake had killed 1500 people when the total population of the North East was
about 10 million and the urban population hardly 2 lakhs. Today the population of the region has
multiplied nearly fve times to nearly 49 million and the urban population has swelled forty-fve
times to nearly 9 million. Simple application of arithmetic would suggest a casualty fgure that
would not be very different from some of the worst earthquakes recorded in recent years elsewhere
in the world.

The epicenter of 1950 earthquake was located far away from the habited areas in a remote
corner of Arunachal-Tibet border. If similar earthquake occurs in a location nearer the capital
cities, like the densely populated city of Guwahati, the casualties could be beyond our imagination.
It is necessary that reputed academic and research institutions including the National Institute of
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Disaster Management develops such worse case scenarios based on available information to be
supplemented by further feld studies to identify the critical gaps in earthquake mitigation and
preparedness in the region.

Earthquake Risk Management

No doubt a mega earthquake in the North East would completely overwhelm the local and
provincial governments and therefore the national government shall have an important role to play
for the management of such earthquakes. Unfortunately comprehensive plans for preparedness and
response to such situations and the roles and responsibilities of different organizations at all levels
are yet not in place.

The Disaster Management Act of 2005 has provided a legal and institutional framework for
holistic management of all natural and manmade disasters in the country. While disaster management
institutions are in place at the national level these are still in making at State and district levels.

The National Disaster Management Authority has released the National Policy on Disaster
Management in November 2009 with a vision to ‘build a safe and disaster resilient India by
developing a holistic, proactive, multi-disaster oriented and technology driven strategy through a
culture of prevention, mitigation, preparedness and response’. Earlier in April 2007 the Authority
had issued comprehensive national guidelines for the ‘Management of Earthquakes’. These
guidelines rest on the following six pillars of seismic safety for improving the effectiveness of
earthquake management in India:

Earthquake resistant construction of new structures

Selective seismic strengthening retroftting of existing priority and lifeline structures
Improvement of compliance regime through appropriate regulation and enforcement
Awareness and preparedness of all stakeholders

Capacity development (education, training, R&D and documentation)

Strengthening emergency response capabilities in earthquake-prone areas.

ARSI I

Based on the National Policy and National Guidelines, the national, state and district level plans
have to drafted and further updated on a regular basis. While the National Plans for earthquake
mitigation, preparedness and response are still in the making, some of the States and districts have
developed disaster management plans but most of these plans are not yet validated and tested.
Most of the district plans prepared in the North East do not provide any clue whatsoever on how a
big or mega earthquake in the region shall be handled.

Considering the inter dependence of the North Eastern States and districts in a situation of
a major disaster the North Eastern Council has formulated a Regional Framework for Disaster
Management which inter alia fagged the following issues of earthquake risk management in the
region:
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a) Compilationofauthentic data-base and coordinated R & D Studies under competent supervision
and monitoring
b) Microzonation and vulnerability mapping
c) Development of predictive and advance warning capability
d) Mass awareness campaign
e) Capacity building of various Stakeholders on subjects that may include the following:
»  Skilled knowledge on seismic risk, vulnerability and quake-resilient structures
*  Preparedness and response skills relevant to the area/risk/situation
» Retroftting of existing buildings/structures (especially of Lifeline structures)
* Modifed Town Planning Regulations and Building Bye Laws and massive training
campaigns for all those involved in constructions

Mr. P.P.Shrivastav, Member North Eastern Council has discussed at length the various plans
and strategies of the Council for earthquake risk management in the North Eastern region. The
Guidelines of the NDMA and the Framework of the NEC are the foundations on which a realistic
strategy for earthquake risk management in the North East has to be developed.

Good Practices on Earthquake Risk Management

It may be worthwhile to look into some of the global good practices on earthquake risk management.
USA, Japan, New Zealand and more recently Turkey and Gujarat are good examples of successful
earthquake risk mitigation programmes that may provide important lessons for designing similar
programs in the North East. The 7.9 earthquake in San Francisco in 1906 had killed more than
3000 people and rendered 80 per cent population of the city homeless. The reconstruction of
the city provided opportunities to develop legal and institutional systems for earthquake resistant
designs of all new buildings and infrastructure and retroftting of existing structures. A special
State Bureau was created to control the design and construction of all buildings and infrastructure.
The State of California, the Federal Government, including the military, the private industry and
the community joined hands to assess the existing risks to specifc sectors of the economy and
to reduce that risk through earthquake strengthening programmes. The subsequent earthquakes
of Long Beach in 1933, San Fernando in 1971, Loma Prieta in 1989 and Northridge in 1994
provided opportunities for testing the systems and further improving them with better standards of
earthquake risk mitigation.

The 8.3 Great Kanto Earthquake of Japan in 1923 killed 142,000 people and devastated the
cities of Tokyo and Yakohama. Over the years Japanese have developed robust techno-legal and
techno-fnancial regimes that have helped to ensure that all new constructions take place as per
earthquake resistant design and technology and all existing structures are retroftted to withstand
the shocks of earthquakes. Despite these regulations the 1995 Great Hanshin Earthquake in Kobe
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killed 6434 people and exposed many gaps in the system which were further strengthened by more
stringent regulations and enforcement.

Following two destructive earthquakes near Istanbul in 1999, the government of Turkey, with
funding, guidance, and direct assistance from the World Bank, initiated in 2006 a major earthquake
risk management program — the Istanbul Seismic Mitigation and Emergency Preparedness Program
(ISMEP). The program is multi-faceted, but its primary component was the strengthening and
reconstruction of priority public buildings. The government set up a small unit, the Istanbul Project
Coordination Unit (IPCU) to manage the program, with assistance from experienced international
experts.

Back home in Gujarat, the 2001 earthquake in Bhuj that killed more than 13,000 people
directly led to the creation of Gujarat State Disaster Management Authority which implemented
a 1.9 billion dollar World Bank assisted earthquake reconstruction project. The project provided
opportunities for comprehensive earthquake risk assessment, enforcement of earthquake resistant
building designs, retroftting of existing building and capacity development of engineers, architects
and masons throughout the state of Gujarat.

The North Eastern region must learn from all these well documented good practices and act
now without waiting for mega disasters to strike them.

Strategic Issues

This workshop has been designed to bring together experts, policy makers and administrators to
discuss the strategic issues of earthquake risk management in the region and to develop a broad
road map for implementation through a participatory process involving all concerned agencies of
the Government of India, the State Governments, the local authorities and other stakeholders.

The important strategic issues for consideration in the workshop are:

» What are the current gaps in our understanding of the hazards of earthquake in the North
Eastern Region and what specifc and time bound agenda for action should be taken to address
these gaps? The agencies responsible for attending to the specifc sub activities under each of
the agenda should also be identifed.

»  What are the types and nature of vulnerabilities of the existing public and private buildings
and infrastructure in the region and what needs to be done to strengthen them? How shall
these buildings and infrastructures be assessed from earthquake safety points of view? What
methodology shall be followed for such assessment and what should be the timeline for the
same?

*  What are the priority buildings and infrastructure that should be taken up seismic strengthening
and retroftting and how shall funds be arranged for the same?
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» Are the BIS Codes adequate to ensure the safety of buildings? Do these require any revisions
in the specifc contexts of the North East?

* How shall the engineers, architects and masons in the North East be trained in earthquake
resistant building designs and technology? What are the total numbers and who will train
them?

» Have the BIS Codes been adopted in the Building Bye Laws of the urban and rural local bodies
in the region? What prevents the adoption of these codes formulated nearly a decade back?

* What are the factors that constrain the enforcement of Building Codes in areas where such
Codes are part of Building Bye Laws? What measures need to be taken to ensure that there is
zero tolerance of non compliance to such codes?

* What is the worst case scenario of earthquakes in the region, districts and towns? Is there any
plan to respond to such situations?

*  What next?

| 182 |









FROM THE ARCHIVES
IMAGES OF THE GREAT ASSAM EARTHQUAKES 1897 AND 1950

I oo Moo
3 £ PR S

e

Cllella.Pu'“I

ffl’..

%
Nl /
: F
| 3 Y100 km
=
LaTouche's epicentral route superimposed on an isoseismal map of the 1897 A sand vent near Rowmari photographed by LaTouche.

earthquake prepared by Ambraseys and Bilham in 2003.

The bridge across the almost empty Ward Lake in Shillong after the 1897 earthquake. The dam holding the waters of the Cracks in upper
artificial lake burst in the earthquake, killing several people. Assam Trunk Road

A fissure at Rowmari photographed by LaTouche of the
Geological Survey of India who was deputed to do the
study.. A row of eight still-standing thatched village huts
can be seen behind the figures. In his report LaTouche
notes: "At Rowmari, besides the fissures parallel to the
bank of the river, which here runs nearly NE and SW, a
large fissure runs to the SE at right-angles to the river
bank for a distance at least 500 yards when it gets lost in
a jheel. It is said to run a distance of 9 miles from the
river, and very likely extends further than I traced it. This
fissure runs along the edge of a tract of ground, on which
the village stands, rather higher than the level of the river
bank, probably marking the line of an old river channel.
Sand and mud have been ejected from the fissure to a
depth of at least four feet. Other fissures branch off from
this through the higher ground to the north, one of them
passing through the huts of the villages."

Collapsed bridge outside of Shillong
thrown from its abutments by the
earthquake. Mrs. Sweet and Mr
Monaghan had just ridden across it. In
his official report LaTouche states: "The
large bridge on the Gauhati road about
1.5 miles from Shillong, over the Umkra
River, has suffered severely. The
abutment on the SE side fell entirely
carrying the girders with it. The two
piers and the abutment on the northwest
side which are of more recent
construction, remained standing though
somewhat cracked.
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A collapsed portico in Calcutta due to Shillong Earthquake of 1897. The picture appeared in an article written by LaTouche ten days after the
earthquake, and published 22 July 1897. In his article LaTouche emphasizes shoddy construction as the chief reason for building collapse in the city.

Gravestones in the cemetery in Shillong were tumbled, shifted and thrown. LaTouche chose simple shapes to document, whose measured shifts in
position provided quantitative estimates of acceleration and ground velocity Oldham returned in the dry season after the monsoon and documented
further evidence of projected, snapped and displaced monoliths.

The McCabe's bungalow before and after the earthquake. Flattened buildings, Shillong after 1897 earthquake.
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All Saint's Church before and after the earthquake
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Ruins of Government House Shillong after the earthquake
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The road from Gahauti to Shillong was fissured during the
earthquake, and in some locations landslips had blocked
the road and brought down telegraph wires hindering
supplies and news to-and-from the epicenter.

Subsidence of railway embankment replaced Cracks and subsistence in Upper Assam
by wooden sleepers in Dum Duma Trunk Road, Khowang

Majuli - the world's largest river island is gradually
eroding to the mighty Brahmaputra. The procession of
erosion started with the great earthquake in1950 and
continues unabated. Originally with a total area of 1250
sq. km, the island is now left with only 480 sq. km.

In deference to the tragedy, cricket was banned by the
Chief Commissioner at Shillong following the
earthquake. The restriction was unpopular and the

» . ;
4 order was rescinded in late July.
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- Temple at Dibrugarh damaged by the
Loop formed on railway lines at Dangari Bridge on Ranganadi North Lakhimpur earthquake of 1950
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