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Editorial
This volume includes extended abstracts submitted for “National Conference on Prospects
& Retrospect in Engineering Geology, Geophysics & Instrumentation” (EGCON-2018) being
organised by ISEG and GSI at Hyderabad between 3rd to 5th December, 2018.

M
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The National Conference has recieved tremendous response from engineering geology and
geotechnical professonals, academicians, scientists and reasearchers not only from India
but also from other countries including Nepal, Bhutan and UAE. Much more than our
expectations we have recieved 95 extended abstracts for the National Conference under nine
themes. The organising committtee especially the editorial team wish to thank all the authors
for such overwhelming contribution.
The prodigious response from the authors has however compounded the task of the organising
committee. As the quality and content of all the papers recieved was interesting and relevent
to conference themes, it was difficult to select the abstracts. Therefore, the organising
committee decided to accomodate as many abastracts as possible through oral as well as
poster presentations considering topics that are aptly felicitous for the conference or for oral
or poster presentations.
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The papers recieved have been allocated into nine conference themes in order to generate
interest of the delegates and encourage utilitarian discussions. Apart from regular papers,
we are previliged to have 18 invited lectures from eminent experts who will throw light on
vast variety of topics viz., role of geophysics, slope stability, hydro power development,
landslide and earthquake hazards and their monitoring, urban geology and infrastructural
projects etc. The delegates are expected to be immensely benifited from these delibrations.
Our endevour is to publish all the full papers recieved for the National Conference in the
forth comming issues of ISEG’s prestegious peer- reviewed and indexed publication “Journal
of Engineering Geology”.

Rahul Khanna
Editor, ISEG
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Indian Society of Engineering Geology (ISEG), founded in 1965, is a professional and a scientific forum
comprising members from the fields of Geology, Engineering Geology, Geotechnical Engineering and Civil
Engineering, representing almost all leading organizations engaged in infrastructure development projects in
India. The organization was inaugurated by Dr. K.L. Rao, the then Union Minister of Irrigation and Power on
October 15, 1965 at Kolkata and its founder president was Dr. D.N. Wadia, the doyen of Indian Geology. Since
then the Society commenced its journey with aim to promote the study of Engineering Geology and allied
sciences and has successfully completed five decades of glorious service to the nation. The ISEG, over the
years, has effectively served as a formidable bridge between geologists and engineers, provided a vibrant
platform for discussing and debating a host of geotechnical problems and state-of-the-art technologies.
The new State of Telangana, the 29th state of India, came into existence in 2014, has a rich heritage of cultivation
and irrigation, date back to several centuries. In the past, rulers paid a good deal of attention to development of
irrigation in this area by constructing bunds and anicuts across rivers, created lakes and reservoirs, meeting
irrigation and drinking water requirements of people. Big lakes like Ramappa, Pakhal, Laknavaram and many
other irrigation works of Kakatiya period have become names to remember and many of them are serving even
till today. The Mir Alam Tank is the finest example in arched dam constructed across Musi River. The Ghanapur
Anicut across Manjira with two canals called Fathenahar and Mahabobnahar, Pocharam lake, Osmansagar,
Himayatsagar, Nizamsagar Project, Mannair Project, Dindi Project, Palair Project, Wyra Project and Sarlasagar
Projects are some of the magnificent contributions of the eminent engineers of Hyderabad State under Nawab
Ali Nawaz Jung Bahadur and other eminent engineers during the Nizam’s kingdom in Telangana.
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Irrigation & CAD Department of Telangana State is making every effort to harness and utilize all available
water resources for the benefit of Agricultural sector, Industrial Sector and also providing drinking water for
overall development. Presently, it has 29 projects under Major Irrigation with ayacut above 25000 Acres (10,000
ha.) and 39 Medium Irrigation Projects, which has ayacut of above 5000 Acres (2,000 ha.) & upto 25000 Acres
(10,000 ha.). In order to comprehend the situation, details of a few prominent projects of the state are briefly
mentioned below.
Mission Kakatiya is a programme for restoring minor irrigation tanks in Telangana State. The programme
helps in rejuvenating 46,531 tanks and lakes, storing 265 TMC water across the state in five years.

Mission Bhagiratha is a project for safe drinking water for every village and city household in Telangana
State, The project provide piped water to 2.32 crore people in 20 lakh households in urban and 60 lakhs in rural
areas of Telangana, through water sourced from River Godavari (53.68 TMC) and River Krishna (32.43TMC).

Kaleshwaram Lift Irrigation Scheme of Telangana is said to be the world’s biggest irrigation project that is set to
meet water requirements of the state. The Lift Irrigation Scheme is worth Rs 80,000 crore, costliest irrigation project
undertaken by any state of the country so far. The project envisages irrigating 18 lakh acres of land in 13 districts,
stabilising another 17 lakh acres in another seven districts, virtually covering the entire state. The project will also
provide drinking water to several towns and cities of the state, especially cities of Hyderabad and Secunderabad and
provide water to industries in the state. Water will be lifted from the River Godavari and taken to the entire state by
constructing various structures to lift water at several stages. Construction of barrage, a huge and complex system of
reservoirs, water tunnels, pipelines and canals are involved in the project. The Project has seven links and 28
packages. The project builds 20 reservoirs in 13 districts, which will have the total capacity of holding 145 TMC
water. All these reservoirs will be interconnected through a network of tunnels running through around 330 kilometers,
the longest tunnel will be 21kilometre.

xv

Palamuru-Ranga Reddy Lift Irrigation Scheme envisages to irrigate upland areas of Mahabubnagar, Rangareddy
and Nalgonda districts for an ayacut of 12.30 lakh acres, drinking water to villages enroute and Hyderabad city
and water to industrial use in Mahabubnagar, Rangareddy and Nalgonda districts, This project is intended to lift
120 TMC of flood water in 60 days during flood season (i.e., 2.00 TMC per day) from foreshore of Srisailam
Project on Krishna river with 5 stage lifting and then utilizing water by gravity. The Project will provide
drinking water to more than a thousand villages as well as to the city of Hyderabad. Further, the Lift Irrigation
project is set to establish a record as the first project in Asia to have a series of 34 heavy lifting pumps installed
in a series, each pumping as much as 2,800 cubic meters of water per second. The Project will have 134 pumps
of 145 MW strength each, along its 140 km main trunk canal system.
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Polavaram Project is an under construction multi-purpose irrigation project on the Godavari River in the State
of Andhra Pradesh. The project has been accorded national project status by the Union Government of India.
The project reservoir has live storage 75.2 TMC ft at canal’s full supply level of 41.15 m MSL and gross storage
194 tmcft thereby enabling irrigation of 23,20,000 acre (including stabilisation of existing irrigated lands)
in various districts of Andhra Pradesh. The silt free dead storage water of nearly 100 TMCft above the spillway
crest level 24.5 m MSL, can also be used in downstream lift irrigation projects (Pattiseema lift, Tadipudi lift,
Chintalapudi lift, Thorrigedda lift, Pushkara lift, Purushothapatnam lift, Venkatanagaram lift, Chagalnadu lift,
etc.) and Dowleswaram Barrage during the summer months. All the irrigated lands under these lift schemes
can be supplied from Polavaram right and left canals by gravity flow when Polavaram reservoir level is above
the canal’s full supply level of 41.15 m MSL. The dam construction involves building of a 1.5 m thick
concrete diaphragm wall up to depths from 40 to 120 m below the river bed under the earth dam which is first of
its kind in India. The project would constitute an earth-cum-rock fill dam of 2,310 m length, spillway of 907 m
with 44 vents to enable discharge of 3,600,000 cu ft/s (100,000 m3/s) of water. The spillway is located on the
right bank of the river for which nearly 5.5 km long and 1.0 km wide approach and spill channels up to river bed
level is envisaged involving nearly 70 million cubic meters earth/rock excavation. The maximum flood level at
Polavaram is 28 m MSL and lowest water level is 10.9 m MSL. Two cofferdams are planned, one up to 41 m
MSL, to facilitate faster pace of work on earth-cum-rock fill dam to complete the first phase of the project by
June 2018. With coffer dam’s inclusion and the bed level of the approach and discharge canals of the spillway
increased to 17 m MSL, the spillway related rock excavation is reduced by 70% leading to substantial cost
reduction in the project’s head works cost. Ultimately, the cofferdams would become peripheral portion of the
main earth-cum-rock fill dam. On the left side of the river, 12 water turbines, each having 80 MW capacity,
were to be installed. The right canal connecting to Krishna River in the upstream of Prakasam Barrage (173 km
long) discharges 17,500 cu ft/s (500 m3/s) at head works and left canal (182 km long) discharges 17,500 cu ft/s
(500 m3/s) of water.
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Need of a National Conference: The ISEG regularly organizes National / International Symposia / Seminars /
Workshops in various parts of the country attracting domain experts, students, professionals from related fields
of Engineering Geology from India and abroad. ISEG, in association with the GSI, conducted 5 Seminar/
Symposium/Workshops so far in Hyderabad as detailed here. (i) Symposium on Construction Materials and
their influence on the design of engineering structures, on 1st December, 1967; (ii) Workshop on Engineering
Geology and Geotechniques, on 23rd December, 1980; (iii) Workshop on Engineering Geological investigations
for the projects under construction and those completed during the last decade, on 29th September, 1989; (iv)
Seminar on Challenges in Engineering Geology, on 3-5 December, 2008; (v) National Workshop on Contemporary
Practices in Engineering Geology and Geohazards, on 14th June, 2013. It may be noted that every event was a
grand success, as delegates were hugely benefitted with the outcome of those conferences in the form of specific
recommendations.
All the major projects, besides many other major and medium irrigation projects and other water resource
development and hydroelectric projects, which are in various stages of construction in states of Telangana and
Andhra Pradesh have very good potential of the need of engineering geological studies. In order to meet
xvi
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demands of the states, many organizations and institutes besides Geological Survey of India are working in the
states. At this juncture, ISEG opined the need of a National Conference on themes of Engineering Geology,
Geophysics and Instrumentation and Hyderabad is considered the right place to organize the Conference. The
Conference will provide an opportunity to have a platform where all infrastructure related engineers, geoscientists, industry and institutions can join together, present their cases, discuss issues which is expected to
result to identify a few problems and to work out their possible solutions. It is also proposed to call for a
discussion on natural hazards, especially landslides and earthquakes. Also, endeavoured to flag themes like
advancements in geophysics, status of instrumentation in river valley and hydel projects as effective tools to
unravel issues of geology and geotechniques. The Conference attracted attention of many organizations in the
country and as a result, we have received about 80 abstracts from eminent geoscientists and engineers from
various organizations of the country. Many of them are on par with any international standards. Besides, many
senior personalities who have had illustrative career have kindly accepted our request to deliver keynote addresses
and invited talks on different themes. As many knowledgeable and ground level people are expected to participate
in the Conference and share their experiences, it is hoped that the Conference will help to discuss a few pertinent
issues and to suggest corrective measures wherever required.

(M. Raju)

Chairman, Organising Committee
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Engineering geology and role of geophysics:
GSI Perspective
Dr. Dinesh Gupta
Director General, Geological Survey of India, Kolkata
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The discipline of Engineering Geology (EG) has grown from the quantitative geological sciences including
geophysics, hydrogeology, rock mechanics, petroleum engineering and mining engineering. It is the application
of geological knowledge to engineering (specifically Civil Engineering) studies for the purpose of assuring that
the geological factors regarding the site location, drawing &design, construction, operation and maintenance of
engineering projects are recognized and accounted for. Applied knowledge of engineering geology not only
helps in selecting the appropriate site but also facilitate/guide the site engineers for the construction of dams,
tunnels, highways, bridges, power plants, multi-storey buildings, metro rails, canals, mining etc. It also provides
valuable geological inputs in natural hazard management and environment protection and mitigation. The Basic
and Expert knowledge required in engineering geology to solve the problems of civil engineering has been
illustrated below-
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Figure 1 Illustration of knowledge required for solving problems of Civil Engineering
(Ref: Scope of Engineering Geology; Dr. Abdullah Santan, EEG 341, Engg Geol.; Page-1).

The above illustration clearly indicates that along with inputs from other streams, inputs of basic and expert
knowledge of geophysics is a must for solving problems of Civil Engineering as geophysical studies deal with
the physical processes and physical properties of the Earth and its surroundings. Various geophysical techniques
are used for qualitative and quantitative analysis of the earth system and hence the Engineering Geophysics
plays a very important role in decision making for any Civil Engineering project. Engineering geophysics is
defined as an applied science which encompasses several interdisciplinary sciences covering soil, rock, water
and their interaction with other systems like Hydrology, Geology etc.

The principal task of Engineering Geophysics is to obtain geotechnical information using appropriate geophysical
methods, in addition to the information collected through geology. Geophysical techniques are indirect ways of
3
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obtaining generalized sub-surface geologic information by making certain physical measurements using
geophysical instruments and interpretation of the database thus generated. Geophysical studies complement
core drilling, test pits, or other direct methods of sub-surface exploration and can provide a rapid evaluation of
certain geologic conditions. Hence, It is clear that information provided by using geophysical techniques are
indirect and minimizes the time and cost of direct field measurements like drilling, trenching, pitting etc., which
otherwise are expensive in nature.
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Geophysical techniques, using the Seismic and Electrical properties of the rocks, play an important role in dam
site/power plants investigations as the interpretations drawn from the generated database are of superior quality.
Electrical resistivity method is one of the effective geophysical techniques commonly used in bedrock investigations
for the measurement of porosity, amount of water contained in pores, salinity and rock quality. Seismic Refraction
method has been of use mostly in determining vertical lithology of site area and bedrock topography. In some
cases even geological and structural features could also be delineated through geophysical methods.

Geological Survey of India has played a vital role during preliminary investigation, site selection, pre-construction,
construction and post-construction stage geotechnical investigations of various major and multipurpose projects
like hydroelectric, irrigation, Railway & Highways in various states of India and abroad through its Engineering
Geology and Geophysics Divisions located at various regional and state unit offices.
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Geophysics Divisions in GSI are engaged in solving the problems related to engineering geology, such as dam
sites, nuclear reactor sites, Tale Race Tunnels, dam alignments, groundwater studies, archaeological studies etc.
Some of the prestigious investigations using geophysics as a tool are (i). Town planning of Rangapahar area,
Dimapur, Nagaland (ii). Sivsamudram season power house scheme area, MysoreDistrict, Karnataka (iii). Gorakallu
Reservoir Area, Kurnool District, A.P.(iv).Power Plant Site. Neyeli, T.N. (v). Chimakurthi, Prakasam District,
A.P. for Galaxy Granite (vi). Kudankulam power plant site, Tiruneveli dist., Tamil Nadu (for M/s: L & T Ltd)
(vii). A–K river basin Tamil Nadu for M/s AFPRO, New Delhi (viii). New Mangalore Port Trust (ix). Unstable
slopes of Raj Bhavan Goa (x). Local Earthquake Tomography (LET) at Dibang Multipurpose Projects, Arunachal
Pradesh (xi). Earthquake studies through temporary seismic network in and around the proposed Tamanthi
Hydroelectric Project, Mayanmar, (xii). River Tlawng, Dhaleswari Hydel Project, Bhairabi Area, Aizawl District,
Mizoram (xiii). River Brahmaputra InDhubriGoalpara District, Assam in connection with Dhubri Protection
Work (xiv). Sagar, 24 Parganas(s), WB for delineating aquifer zones (xv). Rajghat Dam Site, Lalitpur District,
U.P. (xvi). Dibi Bokri Dam Site Parbati Hydro -Electric Project, Distt., Kulu, Himachal Pradesh(xvii). Tail
Race Tunnel and Surface Power House Site, Mahi Bajaj Sagar Dam Project, Banswara District(xviii). Kadana
Dam Submergence Area, Panchmahals District, Gujarat (xix) Shahpur-Kandi Barrage Scheme, District Gurdaspur,
Punjab (xx). Morel Dam, Sawai Madhopur District, Rajasthan (xxi). Sathana and Pong Dam Site, Kangra and
Hoshiarpur Districts, Punjab (xxii). Brahmaputra Bridge Site at Silghat District, Nowgong, Assam (xxiii).
Tunnel Project, Banihal Pass Area, Jammu And Kashmir State (xxiv). Dam Site in the Pennar Gorge at Somasila,
Nellore District, Madras State (xxv). Chukha Hydroelectric Project Site, Bhutan to name a few.

It is beyond any doubt that GSI has proved its capacity and capability by successfully executing geological and
geophysical investigations in numerous mega/major/minor engineering projects within and outside the country.
GSI have been doing geotechnical investigations for the stake holders as per their needs through executing
independent projects, signing MoUs or collaboration agreements, requests for societal needs etc. since its
inception and committed to do the same in the coming many years towards nation building.
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Powerhouse slope stability of Subansiri lower hydroelectric project :
A case study
K.S. Rao
Professor, Department of Civil Engineering,
Indian Institute of Technology Delhi, New Delhi, India
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Assistant Professor, Department of Civil Engineering,
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Abstract

The excavated powerhouse slopes of Subansiri Lower Hydroelectric Project experienced extensive collapses
through complex mode of failure. A detailed study is attempted in this paper to understand reasons for the
failure and assess the stability of the existing slopes using closed form and FEM solutions. To take into account
the heterogeneity of the rock mass and soil, probability and reliability analyses have been carried out. Based on
these results, suitable support systems are also suggested in this paper.
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Hydropower development in India at crossroads today
Ramesh Narain Misra
Former Chairman & Managing Director, SJVN Ltd.
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India, home to almost one sixth of the population of this planet is one of fastest growing and emerging economies
today. At the time we got independence, the total installed capacity of power in India was 1362 MW out of
which 508 MW was hydropower i.e. 37.3%. Till then electricity was privilege of urban and elite. Today we
have a total installed capacity of 3,44,719 MW out of which 45487 MW is hydropower ( 13.20%) and a major
space is filled by Thermal 221803 MW (64.3%) followed by 70649 MW of renewable i.e. small hydro, wind,
solar and biomass, etc ( 20.5%). Ironically, hydropower is not recognized as Renewable Energy so far in India.
The per capita consumption in India is only 1149 units, one of lowest, if we compare with developed part of
world.
The dismal state of development of hydropower owes to a large extent to political exigency on account of
simple reason that gestation period of hydropower was much longer than thermal projects. Unfortunately in
retrospect, hydropower has been branded as synonym to time and cost overrun. Of late, hydro power projects
have been opposed by certain environmental NGOs citing the reasons of mass displacement, GHG emission,
causing geological instability, muck getting washed into the river, etc, many of which are myths rather than
reality. In recent times focus has largely shifted to solar and wind power development. The falling tariff of solar
and wind power are posing a challenge to hydropower development. We are at a crossroad today as far as
hydropower development is concerned and in my opinion we are living in a most challenging era of competing
alternative energy sources.
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The highly seasonal rainfall pattern in India, the abysmal state of water storage availability and climatic changes
being experienced these days causing high intensity precipitation in a very short duration are enough signs to
awaken us from long slumber we had been in and still continuing. The country is heading towards a difficult
time as far as water security is concerned as the floods and drought both will mark their presence in the same
area in the same year, if proper steps are not taken. The emphasis on solar and wind power is right but they are
intermittent sources of energy and their efficiency is much lower than that of hydropower plants. If a proper
environmental and social cost benefit analysis is done over the full life cycle of a hydropower project, the
benefits would far outweigh the cost. If this excess of benefit over cost is monetized and paid to the generator as
a “Value for Quality” and by that amount, the tariff is reduced, the hydropower would still be competitive.
As regards to issue of Time & Cost Overrun, our entire strategy of project development from concept to
commissioning needs a review. We must decide minimum level of investigations to be done and explore the
field of geophysics and remote sensing to elicit better and more detailed information for the inaccessible and
remote areas. The geological aspects should be accorded more respect and Geologists and Engineers should act
in tandem for preparation of good quality Detailed Project Reports and subsequent construction of projects.
Instead of blaming the geology, the Construction Engineers should learn to talk with the rock and treat it with
sensitivity. The Capital cost of the project should be focus area and for this purpose, better construction and
contract management should be the aim of project developer. No miracles can be expected but an earnest
approach can definitely bring the change and for this policy makers, project developers and project service
providers should act in unison according due urgency to this issue.

6

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Prospects / Retrospect about mega civil engineering infra-structure
projects (with engineering geology, geophysics and instrumentation)
mainly for South India
C. D. Thatte
Ex-Secretary, MoWR & SG, ICID New Delhi, Currently based in Pune
E-mail: cdthatte@hotmail.com
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Overview

Starting career as a civil engineer in 1956, I have worked on all facets of “Infrastructure” in Central and
State Govts / PSUs / Semi-Govt bodies - from India’s far flung villages to International Arena. I have
largely dealt with - deficit in meeting basic needs of our society (related to poverty & deprivation) for:
water, energy, food & nutrition, shelter, clothing and transport through development & use of available
natural resources (NR) while utilizing our vast pool of human capital of engineers/scientists. During the
last 2-3 decades, due to evident ‘Climate Change (CC)’, the worldwide focus of Development Goals has
shifted, compelling Govts to accept that all such effort ought to be ‘Sustainable / Sustained’ which the UN
has named as “SDGs”. A country can address the SDGs on 2 fronts: i) mitigation by those responsible for
past and present emission rates, ii) adaptation of on-going development effort with trade-offs (to minimize
heat causing emissions) in emerging economies such as India.

2.

For our country - with increasing GDP growth rate, besides population growth accompanied by speedy
industrialization & urbanization, the infra-structure has to be: cost-effective – durable – safe, while
availing latest S&T, Engineering, & Innovation (STEI). Fortunately, for India with soft skills & policies,
‘adaptation’ can succeed. The NRs of ”land, air, water” are shared within India’s administrative States,
besides between countries with shared rivers / boundaries; whereas ”bio-mass & human NRs” are to be
shared within our country. India’s constitution / laws / policies lay down clearly how to develop/deploy
them. Various facets of infrastructure cover: i) IWRD&M through RVPs, ii) agri / crops – fruits – vegetables
/ cattle breeding – dairy / fishery – piggery – poultry etc; iii) Power Houses / ancillaries; iv) Transport –
land, water, air; v) buildings for residence, industry, services - utilities. India’s population is likely to
stabilize at about 160 crores by 2060, more than 85 crores will live in cities then. Presently decreasing
available land per capita may also stabilize by then, but lesser agricultural land will have to produce more
food. More land will be occupied by housing/industry; less by bio-mass, needing addition to its productivity.
Presently devised NR development plans indicate that these needs can be met with adequately if appropriate
infrastructure planning is followed with synergy. Disasters, both natural and caused by human error,
impair structure’s performance, whose restoration adds to the cost. During their Operation (O), Maintenance
(M) & Rehab (R), CE must keep pace with State of Art S&T advances extending service life.

3.

Infrastructure needs adequate provision of specifications (technical, environmental, social, financial,
economic), related surveys & investigations – ensuring multidisciplinary S&T - R&D inputs /
standardization, designs, SOPs, construction, O&M, repairs, rehab, QC & QA at each stage, besides
plans for modernization, safety, disaster / emergency care. Each stitch (in time) saves nine times cost of
infra-structure, because Factor of Safety and hence infrastructure cost, reduces with more precise inputs
of ‘STEI’. NR’s interaction with structures above / below - land/water surface, using current knowledge
in all disciplines of Engineering and S & T as tools ensuring success indicated by: Integrated, optimal,
cost-effective combination of mega to micro scale Infrastructure to achieve equitable SD of each NR.
(The list includes Hydrology, Hydraulics, Geography, Local & Regional Geology, Seismicity, EG, Rock
weathering into soils/alluvium, Geo-mechanics – both rock/soil, stress/strain interaction between foundation
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/ structure due to loading / strengthening, performance appraisal and use of latest construction/repair
materials/their mineralogy, petrography /quarries, technology emanating from investigations, with Geophysics (GP), Isotopes, Instrumentation). Usually ‘sustainability’, ‘cost-effectiveness’, and ‘share in
development’ rises with size/scale of infrastructure.
4.

M
O

The EGCON is to focus on mega South Indian CE projects through the 11 identified themes, in 6 groups
(shown in brackets) as follows: i) RVP/HP schemes (9, 2), ii) smart cities (6); iii) slope, cavities, tunnels
stability (3, 4); iv) Rock-mass characterization (1, 10); v) GP investigations (8); vi)Investigations,
construction materials, safe construction, hazards, Landslides & Earthquakes (5, 7, 11). Conference papers
are expected to provide significant coverage of ‘Development through NRs’. Most of South India lies in
consolidated continental hard-rock (majority accounted by igneous rocks) formations with shallow alluvial
deltas, unlike the Northern part in fragile Himalayan formations with deep alluvial valleys. CE projects
of South India therefore enjoy relatively strong /stable / less pervious & non-yielding foundations and
availability of sound construction materials within economic lead. Administratively & politically, the
region enjoys stable – good governance, large scale urbanization, industrialization and modernization
resulting in good economic progress. Human capital wise, it has strong lineage. The CE projects of South
India therefore have a successful performance record, which needs to be sustained for achieving durability
through projected CC impacts of the next 2-3 decades mainly through adaptation, by following SOPs for
various tasks. CE will enable operationalization of infrastructure faster than ever before, with inputs of all
branches of Engineering ably aided by all basic/applied sciences and technology tools like computing
soft-skills / robotics et al.

5.
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One important management step in that direction is ‘Synergy’. Such ‘effort’ by all concerned bodies
through ‘composite teams’ is essential. It would enable timely decisions at each step of infrastructure
planning. Indeed, the existing site EG - coupled with investigation path determines the likely response of
the structure being constructed. GP aids the EG tools substantially. At each stage, Instrumentation deployed
will determine / quantify / assess parameters required for next stage, using info generated for correcting
SOP adopted for previous step. But, instruments after-all yield results as accurate as the user is! I saw
success in realizing such Team-Work being indicated in the case-studies (to be presented at EGCON).
The delegates may consider the following hints for deliberation: 1) GSI EG wing posts a Sr Geologist at a
project, who must work with the State’s EG project wing to be set-up with Project start. 2) Such EG team
needs to work with the Project R&D/QC-QA responsible for passing of foundation, foundation or structure
‘grouting’ etc. - while recording logic for each investigation & results. 3) Same time, it ought to take on
board appropriate results / inferences from Project Instrumentation Cell to improve upon Design Constants
where called for. 4) This composite team has to work with Design Unit to participate, explain & understand
its approach for decision-making. Participation of such team when future DSRP/ Review Teams of apex
organizations are formed for Project to decide further actions.
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Introduction: River Valley Projects are capital intensive projects. A lot of time, money and effort goes into
making one project functional. In addition to the financial resources, it also needs social and political will to go
ahead as a number of people are sometimes required to be displaced from their ancestral homes. No doubt,
these projects are required for the industrial growth, absorbing floods in the reservoirs and meeting several other
demands of water supply and irrigation, their failures can be catastrophic.
In order to make sure that these projects continue to function and serve the purpose for which they are built, it is
necessary that investigations are carried out thoroughly to evolve the design parameters which are realistic and
representative. Instrumentation should be designed and provided to address the specific needs of the particular
project and its monitoring should be carried out regularly. The data must be analyzed to produce meaningful
reports and notice should be taken of any signs of distress developing in the project or any of its components.
The challenges, therefore, can be addressed in three broad categories as discussed below.
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Challenges in Testing: Tests are carried out in different stages on all the large river valley projects to get the
design parameters. These are carried out both in the field as well as in the laboratories. Whereas the laboratory
tests give us the parameters of the rock material or soil characteristics, these cannot be used directly for the
purpose of design. Even though the field tests are carried out on slightly larger samples bur even that size is
much smaller compared to the size of the actual structure being designed, thus there is a need to moderate the
values taking into account the geological conditions and other variations in lithology, distribution of shear
zones, their width and characteristics into account. In the laboratory testing, the effect of saturation on samples,
the orientation of foliations or soil fabric with respect to the direction of loading can change the results drastically.
There are difficulties in sampling, particularly in cohesion less material or extremely fragile rock masses. Even
though new techniques have been developed, we are still far from the representative sampling in difficult
ground conditions.
Field tests are, generally, carried out on rock blocks prepared inside the drifts. It is difficult to cut the rocks to
the required shapes and the whole block gets disturbed in the process. Ideally, a diamond saw should be used for
cutting the rock. Such portable saws are generally not available and the use of chisel and hammer is more
prevalent. Even samples in the field are much smaller in size compared to the actual size of the structure, and
therefore the effect of size, asperities on an actual scale compared to those which affect the sample size need to
be taken into account besides other variations. Thus the biggest challenge in testing is how to conduct the field
and laboratory tests which are representative and how to use this data and interpret them to evolve the design
parameters.

Challenges in Instrumentation: The challenges in the field of Instrumentation start with the planning itself.
The Instrumentation Plan for each and every project has to be evolved taking the site specific problems into
account. The expert who is entrusted with the work of planning should not only know about the structure, he
should also know about various instruments and their advantages and disadvantages. The ranges of various
instruments and their sensitivity cannot be designed unless some calculations regarding the expected values of
various parameters is carried out. After the planning comes the stage of writing down the specifications and a lot
9
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of fine tuning is required to make sure that the system will work. Access to the locations, power supply,
collection of data - whether manual or through the data logger, etc., needs to be addressed. The data can be
transmitted to the design office if required, so also the threshold values need to be determined. We should also
know the frequency of collection and transmission of data from site.
After specifying all the minute details of the required instrumentation, we need to procure and install the
instruments. It is at this stage that most of us make a mess. All the instruments must be verified and calibrated
before they are installed. At no stage we should have the doubt in our minds, whether the instrument is not
working properly or the structure is mis-behaving. All the precaution must be taken at the time of installation
and cables must be marked appropriately.
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Challenges in Monitoring: Once the instruments have been installed the next step is to collect the data. All
necessary parameters of the rock, soil or concrete must be collected so that the interpretation can be carried out
without any hassles. At the time of taking readings the concerned operator must know what the order of
magnitude of the expected value is so that he knows whether the reading is correct. These parameters can be
estimated roughly as well as rigorously. Both the type of calculations must be carried out. Whereas the rigorous
analyses need to use the finite element or finite difference methods, the rough calculations can be done easily by
making some assumptions.
There is no reason to believe, why after taking all the above mentioned steps in real earnest, that the Instrumentation
on river valley projects will not work.
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The paper deals with geoenvironmental aspects of Jaipur and Ajmer region involving rapid urbano-industrial
growth with large scale mismatch of land use; thereby enhancing propensity of environmental geohazards in the
region. These two important and growing cities of Rajasthan are also rich heritage and cultural tourist destinations
and are also listed to develop into smart cities as per the ongoing Smart Cities Mission of Government of India
since 25th June 2015. Jaipur - Ajmer region forms part of the East Rajasthan Upland experiencing dryland
environment of ecologically fragile and water stressed domain. It is located along eastern margin of the Thar
Desert on the west. The region is a transitional zone between the humid east and the arid west. Important
geoindicators and geomorphic signatures of dryland climate include: ephemeral fluvial channels/ buried palaeochannels and their deposits; playas and interdune depressions rich in evaporates and calcrete and aeolian sand
sheet and buried deposits; stabilised and reactivated dunes.
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The city of Jaipur has been a historical example of a traditionally well planned Indian urban space. However, in
Jaipur region, such an assemblage of landforms with inherently different geotechnical characteristics, land
capability and land stability aspects have been subject to rapid and poorly planned urban expansion. However,
in Jaipur region, such an assemblage of landforms with inherently different geotechnical characteristics, land
capability and land stability aspects have been subject to rapid and poorly planned urban expansion. Nestled
against the Aravalli hills, the valley of Jaipur opens to the west and south to the sandy plains of south Jaipur
upland with general ground elevation ranging from 320 to 400m amsl. On the east, the monotony of this plain is
broken by a group of inselbergs, which are few and far between. In the area under study, this plain is blanketed
by considerable thickness of aeolian and fluvial sediments deposited during the Quaternary period. These
sediments display wide differences in lithology, compaction, colour, state of oxidation, pedogenetic properties
etc. Geomorphological maps prepared for the Jaipur region depict various landforms and land units of
denudation and structural origin (dissected rocky uplands, inselbergs, structural strike ridges, pediments
and pediplain); fluvial origin (older and younger flood plains, palaeo-channels, valley-fills and inland
depressions, etc.); aeolian origin (obstacle and free dunes of linear and transverse disposition, sand spreads,
etc.) and fluvio-aeolian origin (undulating sand sheets and mounds, etc.). Similarly the Ajmer region is
occupied by granite-gneisses and schists of the Bhilwara Supergroup that are the oldest rock types overlain by
quartzites, schists, conglomerates, dolomite, limestone, etc., belonging to Alwar & Ajabgarh Groups of Delhi
Supergroup along with granite, pegmatite & amphibolites intrusive of Post-Delhi age. The overlying younger
Quaternary fluvial & aeolian deposits are mainly composed of sand, silt, clay, gravel & kankar that cover hard
rocks in major parts of the district. The general ground elevation ranging from 460 to 480m amsl and high hills
peak around 795 to 865m amsl. The Jaipur and Ajmer Upland areas are presently drained by ephemeral rivers.
Being extremely sensitive to climate change, the Thar Desert margin in Jaipur - Ajmer region is susceptible
to aeolian sand reactivation that can be triggered with spatially amplified ramification through adverse
human interference or inappropriate landuse in such a fragile desert ecosystem. Although sandy deposits
act as excellent conduits for groundwater recharge and support vegetation for cash crops and stabilisation
of landscape, yet such sandy horizons are also vulnerable to geo-hydrological contamination and susceptible
to severe wind and water erosion. Geohazards vulnerability in Jaipur – Ajmer region include: extreme
weather events, flash flooding that are characteristics of semi-arid-arid dry lands and consequent excessive
siltation of reservoirs/ water retention ponds; subsidence due to geotectonic setup, consolidation and super11
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saturation/ piping; greater propensity of gully erosion and piping / slumping of sand-silt strata; seasonal
wind erosion, deflation and sedimentation; impacts of indiscriminate and adverse anthropogenic interference
with the subsoil, depleting water resources; excessive mining of ephemeral riverside sandy material and
rapidly changing geologically inappropriate land-use practices that may aggravate desertification, trigger
geohazards and pose difficult challenges for disaster management. Therefore, appropriate multiple and
sequential land uses are recommended for sustainable development of the urban space. Areas covered with
Quaternary deposits and a network of tectonic weak zones can be best utilised as exclusive agriculture
zones, agro-forestry, agro-industrial activities, ecological reserves and regeneration of protected/ reserved forests
and outdoor recreation centres, etc. Similarly, piedmont zone along lower hill slopes, colluvium covered at
places with aeolian deposit, obstacle dunes and sand sheet are prone to soil / gully erosion and desertification
due to easy erodibility of these sediments with wind and running water. The pediplain / stabilised fluvio-aeolian
sand sheet and older dunes are found suitable for urbano-industrial expansion and mixed land uses.
Special efforts are being made to apply geoscientific knowledge for selection of suitable sites for solid waste
disposal, locating several sewerage treatment plants along the drainage segments and eco-friendly sustainable
management. A key component of smart cities is the speed and reliability of communication thereby helping to
deliver faster and more reliable services to help meet the growing needs of cities in terms of healthcare, public
safety, and good governance. Physical and geoscientific determinants are vital in determining plans for the land
use in terms of resources and hazards. The geologic environment conditions and responds to human activities.
In addition to local area development plans through approaches of systematic assessment of vulnerability to
inherent geohazards, safety and disaster resilience need to be given due considerations based on geofactor
analyses. Above all response to disasters must be proactive rather than reactive. Therefore, bolstering resilient
preparedness must be central to recovery - to face challenges of terrain related geoenvironmental hazards. The
challenge to humanity is to conserve the resources and respect the hazards through understanding the operative
processes and live within the constraints they impose. Engineers and Engineering Geoscientists must adopt
an integrated approach and take such meteorological and terrain conditions into account while planning
and designing geotechnical structures for safe and sustainable utilization of available resources and prioritize
risk reduction.
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Geological investigation is the backbone of any successful Hydroelectric project. More so , expectations of
industry from engineering geologists are huge & all unmanageable problems are offen attributed to either “Poor
Geology” or “Geological Surprises “ . Accordingly, comprehensive geological investigations must be planned
keeping in view the geological setup of the Project with the aim to identify major risks. Nevertheless, limitations
of geological/ geophysical investigation techniques is to be understood while finalising Investigation Program
for a Project . In this paper optimum level of investigations will be discussed to achieve desired objectives
during DPR , Pre- construction & Construction stages of the Projects.
The Investigation program should be so designed that broad zones of anticipated problems / risks need to be
identified . For establishing exact locations of occurrence of risk adequate provision for additional investigation,
needs to be kept for pre-construction/tender stage. Further , provision for carrying out geological investigation
during construction stage should be kept (advance probing, TSP etc.) to deal with unanticipated situations.
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What is engineering geology? Is it a specialized branch of geology or geological engineering or is based only on
common sense. Does it require any specialized knowledge and qualification or can be understood and practiced
by all. There are two images of engineering geologists or the geotechnical specialist today. First is an engineering
geologist having very good knowledge of geology with some basic understanding about engineering structures
essentially in the area where he is working and the second is a professional having excellent knowledge of
geology coupled with thorough understanding of applications and engineering structures, having know-how of
construction materials, rock mechanics, soil mechanics and seismicity, foundations, slope stability, deep
excavations, underground excavations, workable knowledge of construction methodologies and equipment,
contracts and virtually anything related to civil engineering structures where ground is involved. This is indeed
the rare specialist which we are looking for. His reports and observations are thus esoteric.
The International Society of Engineering Geology and the Environment (IAEG) has outlined a wider scope of
engineering geology. It is defined in the statutes of IAEG as the science devoted to the investigation, study and
solution of engineering and environmental problems which may arise as the result of the interaction between
geology and the works or activities of man, as well as the prediction of and development of measures for the
prevention or remediation of geological hazards. Environmental science is another branch but there is lot of
intermingling with geology in environmental studies also. What IAEG means by environment is perhaps
environmental problems that may arise due to interaction of geology and human activities. Investigation, prediction
and mitigation of geological hazards are also under the scope of engineering geology.

I
SA

Before embarking upon a major construction activity, be it related to infrastructure development such as roads
and bridges, railway alignment, dams, tunnels, deep excavations both open air and underground, it is well
known that investigations and testing is required. This is the cardinal principle that has to be reminded again
and again. Instead of having a generalized approach more contribution can be made in a specialized and
focused manner. Considerable advancement has been reached in this regard but keeping in view future trends
and technological changes it is not only preferable to look forward but also remember past experiences. On the
other hand, use of modern techniques and methodology in construction industry is a must now given the time
bound schedules and developmental activity.
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Geosciences, a unique concoction of science and arts, is characterized by its plausible theories and hypothesis in
one end as in case of classical geosciences and an attempted inferred and interpreted quantification as in case of
application geosciences. Unlike the definitive nature of science and engineering domain, the subjects of geosciences
offer possibilities. Therefore, it is a geoscientist who is trained to think through an intuitive skill set imparted
during the process of learning, understands the subsurface uncertainties intrinsic with both classical and application
geosciences.
It is this enabling process that helps a geoscientist to pursue the history of earth not in terms of just years, but
million years. Though it may be observed or inferred, the signatures that speak unfolding stories of earth are
captured by the roving eyes of a geoscientist. The signatures narrating significant episodes of earth’s processes
could be the radial drainage patterns of Sasan Gir hill in Gujarat in the west, the thick fossil bearing sedimentary
formations of Spiti valley in the north, the ever changing flood plain of the mighty river Brahmaputra in the east,
and the columnar basaltic St. Mary island off Udupi within the granitic terrain of south Karnataka and many
such geological monuments. As a treasure of information, therefore each stone attempts to whisper a story to be
retold by a Geoscientist.
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Similarly, application geosciences entail objective quantification of subjective interpretation by practitioner
geoscientists for hydropower projects involving engineering geosciences and mineral resource estimation projects
involving exploration geosciences be it for crude oil, natural gas or any other mineral. The most recent application
of Geosciences are underground space utilization initiatives viz. creation of underground strategic petroleum
reserves, creation of nuclear waste disposal repository and development of urban infrastructure projects etc.,
which entails a thought process that is driven by a 4D perspective in tandem with project implementation
process.

As in a case scenario, investments pertaining to upstream oil and natural gas or mineral acreages, well known
for its intrinsic risk quotient, subsurface uncertainty and high order of magnitude investment, are both difficult
while at the same time requiring a forward and long term vision. In either case, exploration stage which
establishes the quantum of reserves with certain degree of accuracy requires utmost focus and flexibility to
undertake augmented exploration campaign mid way, if so need arises. Though it forms a fraction of overall
cost of any project, expenses incurred in exploration activities are always perceived otherwise and this needs to
change. It is imperative to undertake integrated exploration campaigns with best in class practices and with
extensive tenacity for pursuing the broader objective towards creation of wealth for the country be it crude oil,
natural gas and mineral reserves.
This calls for an approach which provides a framework to geoscientists enabling them to negotiate the concept
of “Known – Unknown Risk Matrix” that is so intrinsic to geosciences.
Key words: Geosciences, Subsurface uncertainty, Risk Matrix, Integrated Exploration Campaign.
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1. Introduction

Geotechnical exploration in hydro power investigation plays a very vital role. Precise details of geotechnical
parameters have great implication in selection of optimum location, preparation of cost estimate and design of
major civil structures. The conventional exploration techniques like drilling, drifting and pitting are expensive,
time consuming and provide very limited information. On the other hand, geophysical investigations are fast,
economic and capable of continuous coverage of large area. Geophysical methods are based on strong theoretical
base and have the unique advantage of continuous development in data processing algorithms. To minimize the
uncertainties in investigations, emerging geophysical technologies in Seismic and Electrical methods are of
immense help. These technologies provide precise details of subsurface rock mass and can minimize uncertainties
during construction stage resulting in timely completion of a project. These are also capable in providing
solutions of some critical problems faced during construction.

2. Case Study-I
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In the last two decades, evolution in software and hardware have considerably improved the reliability and
applicability of geophysical techniques and now these are capable of providing 2D/3D subsurface details in a
fast, economic and precise way. These developments particularly improved the reliability of results of seismic
tomography and resistivity imaging and also facilitated ingeneration of 3D models of subsurface rock mass
conditions in complex geological environment. The extracted information can be utilized further in developing
realistic site specific models for assessment of optimum location of major civil structures. These techniques are
being utilized successfully to steer past some of the major construction hurdles.

Seismic tomography is being utilized extensively for exploration of dam sites, power house, tunnelling projects
for scanning the rock mass to delineate geological structures, map cavities, weak zones and for evaluating
engineering parameters of rock mass etc. This technique has been successfully utilized in several NHPC projects.
One of the interesting case study was to define the accurate geometry, location of the apprehended fault and

Figure 1 Fault Geometry assessed by Seismic Tomographic Scanning, Parbati -II HEP, HP
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rock mass conditions ahead of the TBM (Tunnel Boring Machine) face in Parbati II Project (800 MW) of
NHPC in Himalayas. Four angular drill holes in upward and downward directions were made through a side
tunnel covering the area of interest. Strategic planning and implementation of seismic tomographic scanning of
about 4200 m3volume led to accurately define the geometry of apprehended fault zone and rock mass conditions
in 3D which was not possible by any other technique not even through drilling. The study also successfully
identified location of a cavity at crown and quality of rock mass in the scanned zone accurately. The most
important finding of the study was identification of very good rock mass quality at invert level along the entire
scanned zone. This generated confidence in project team for advancement of TBM which was stalled at this
location for the last so many years.
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3. Case Study-II

With the advancement of technology in hardware and software, progress in resistivity survey technique also has
been very rapid in the last two decades and this has tremendously increased the practical applicability to utilize
this technique for producing the highly accurate image of the subsurface in 2D/3D space. With these developments,
this technique has become very helpful in detecting shear zones/cavities in complex geology where conventional
seismic refraction technique was failed. This technique also has been used extensively at several NHPC projects.

4. Conclusions
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Recently, the technique was utilized at one of the consultancy project of Kerala State Electricity Board (KSEB).
KSEB had requested NHPC to provide consultancy on geotechnical services for one of their project, Sengulam
Augmentation Scheme where construction of 6.71 Km, long 3.5 m dia tunnel was held up for more than two
years due to tunnel collapse after encountering adverse geological conditions. One of the adits also collapsed
and construction work of the tunnel was suspended. These conditions were not anticipated during the geological
mapping carried out utilizing extensive drilling along
the complete tunnel alignment. To assess geological
conditions, Resistivity Imaging was utilized for
precisely defining the geometry and location of shear
zones within the rock mass along the remaining
tunnel stretch of about 2.6 km up to tunnel grade
and along the construction adit in a faster and
economical manner. Geological section along the
Figure 2 Resistivity Imaging Section along HRT,
HRT was developed on the basis of imaging results
Sengulam Project, Kerala
without any drilling. These results confirms that
resistivity imaging can be effectively utilized to scan the entire length of HRT and other underground structures
for better understanding of rock mass characterization. Further, even if the penetration through this technique up
to the requisite structure level is not achieved, still it can provide insight of the probable weak zones which may
have extension up to the structures level and are not visible on surface.
Tomography is a proven and reliable tool and can be used for assessment of finer details of rock mass which is
not possible by any other method. Results indicated good rock mass quality at invert level and highly weathered
rock mass at crown level of HRT. On the basis of results, a decision was taken for advancing the TBM and this
helped to resolve a critical problem.
Interpreted weak zones based on seismic tomography scanning matched with the encountered weak zones
during tunnelling and this validated/substantiated the inferences made from Tomography results. Presently,
TBM has advanced more than 1250m.

Resistivity Imaging successfully mapped the location and geometry of the shear zone upto a depth of 200m and
helped in resolving critical geological issues faced during construction. The remaining length of diversion
tunnel of about 2.9km has been mapped within one month and enormous subsurface geological information was
assessed in a cost and time effective manner.
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Abstract

Understanding of hill slope stability during construction of hydro power projects depends upon the realistic
approach of geological investigation & cautious construction procedures. The careful appraisal and analysis of
geotechnical data during investigation /DPR stage helps to chalk out the strategies for coping with possibility of
slope failure during excavation as evident from the detailed geotechnical analysis of vulnerable powerhouse cut
slope of Goriganga-IIIA H.E. Project (150 MW), Uttarakhand. The project is envisaged on river Goriganga, a
right bank tributary of River Kali (also called Mahakali and Sarda) in Pithoragarh District of Uttarakhand and
involves construction of a 89.10 m long and 30.1 m high barrage at Madkot, a 11.70 km long, 5.7 m diameter
HRT in the right bank of the river, a 10 m diameter, 66.5 m deep surge shaft with two surge galleries, and a
surface power house (111 m x 21.5 m x 37.3 m) on river bank of the river near Bangapani.
The entire power house complex right from surge shaft to TRC was thoroughly investigated during Feasibility/
DPR stage by geological mapping, seismic refraction survey, MASW survey, 14 number drill holes of cumulative
depth 988.0m, and 4 number drifts with cumulative length of 226 m, insitu and laboratory rock and soil
mechanics testing etc. The geological plan of the powerhouse complex is enclosed as Plate-1.
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Geologically, the powerhouse area comprises of siliceous limestone of Sirdang Group (Calc Zone of Tejam) of
Proterozoic Age. The rock mass is mainly exposed along the nalla cuttings and the river banks whereas the
upper reaches are covered with slope wash material. The rock mass is dissected by 4 sets of prominent
discontinuities. The siliceous limestone in this zone is fractured, crushed, sheared and folded with an upstream
plunging recumbent fold. The shallow dipping limb (080/35, 040/20 etc.) is exposed towards the surface at
lower levels and steeply dipping limb 170/45-50 is deeply incised and is exposed in the uphill near surge shaft
area. In between, silica rich portions, there are stretches of calcareous portions showing solution vugs as a
result of solution activity accentuated through open fractures/ joints, leading to a rock mass looking spongy
and relatively very low competence. The bedrock in the entire powerhouse area shows wide variations spatially
signifying a tectonically controlled area. The depth of overburden along the longitudinal axis of powerhouse is
estimated to be varying between 7.5 m to about 26 m from the drill holes PDH-3 and DDH-303 respectively.
The hill slope overlooking the surface power house is consisting of 30-40 m thick slope wash material
comprising of pebbles, cobbles and boulders of limestone, gneiss, phyllite and quartzite in a sandy/silty
matrix with sporadic rock outcrops of fresh to slightly weathered, fractured siliceous limestone (Figure 1).
Initially, from the presence of rock outcrops along the hill slope towards upstream side of power house
noticed during surface geological mapping and the drill holes carried out at the top of the hill slope at surge
shaft (PDH-5A) and near the power house (PDH-01), it was envisaged that the depth of overburden in the
hill slope will be around ±10 m, accordingly, the power house was proposed to be founded on rock and a
±120 m high sub vertical cut slope (6:1) was envisaged mostly on rock. However, the drill hole PDH-04,
drilled along the hill slope encountered bedrock at 40.5 m depth. Accordingly, the angle of cut slope was
made gentler in the overburden portion (2:1) and the height of cut slope was increased to ±135 m with
18

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

M
O

considerable portion to be excavated
in overburden. Moreover, the bedrock
encountered in the drill hole was also
fractured siliceous limestone with
poor recovery and almost nil RQD.
To decipher the rock mass condition
along this high cut slope, a 30m long
drift has been excavated with portal at
1025 M. The drift negotiated crushed
and fractured siliceous limestone rock
mass (RMR Class-IV) in almost 50%
of its length (Figure-2). Moreover,
geotechnical characterization of the
rockmass exposed in and around the
proposed powerhouse cutslope area
indicated that the slope mass rating
(SMR) value ranges between 35-45
indicating partially stable (SMR ClassIII, about 60%) to unstable (SMR ClassIV, about 40%) cutslope with
probability of failure ranging from 0.4
to 0.6 (Romana, 1985).
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Laboratory rock mechanics testing viz.
UCS, modulus of elasticity, Poisson’s
ratio, tensile (Brazilian) strength,
Plate1 Geological Plan of the Proposed Powerhouse Complex of
triaxial strength and slake durability
Goriganga-IIIA H.E. Project
tests for the powerhouse area were
carried out to determine strength and deformation characteristics of intact rock. In addition, Insitu shear test
(both rock to rock and rock to concrete) was also carried out inside the surge shaft bottom drift to decipher
cohesion (c) and angle of internal friction (ö) of rock mass. Insitu deformability test was also carried out through
pressure meter method inside drill hole PDH-08. The results indicate that the powerhouse complex generally
exhibits fair to poor (Class-III to Class-IV) quality rock mass.

Based on the geological information collected from drift coupled with geological mapping, rock mechanics
testing and drilling data, a geological model of the power house area was prepared (Plate 2). The model
indicated presence of multiple zones of sheared/fractured rock mass in the powerhouse area in between moderately
jointed and moderately weathered siliceous limestone which needs to be treated properly for overall stability of
the cut slope. Moreover, increase in pore pressure due to water seepage through open joints is also detrimental
for slope stability. It was also envisaged that the above rock mass will have intermittent stretches of calcareous
portions showing solution vugs which are the result of solution activity accentuated through open fractures/
joints, leading to a rock mass looking spongy and relatively very low competence. From the geological
model it was evident that the powerhouse back slope has to be designed and excavated in a mixed ground
condition comprising of overburden and bedrock. Therefore, design, excavation and support of the cut
slope has been planned on the basis of detailed slope stability analysis considering geological condition of
the overburden and rock mass as well as UCS, insitu shear test (c and j) and deformability test results as
the basic input parameters.
From the geological model of the cut slope area, it was understood that the above vulnerable cut slopes will be
stable only if the cut slope angle becomes gentler. Accordingly, the powerhouse is reoriented parallel to the
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Figure1 Proposed Surge Shaft and Surface Power House
Sites of Goriganga Stage IIIA HE Project

Figure-2 Fractured rock mass in Power house Drift
of Goriganga Stage IIIA HE Project

I
SA

contour with longer axis oriented at N028°-N208°
from the earlier alignment with longer axis
oriented at N060°-N240°, in order to minimize
the cutting involved for powerhouse back slope.
With the reorientation of the surface powerhouse,
the maximum height of the cut slope is reduced
from ±135m to ±128m even after keeping the
slope milder in overburden. Moreover, the height
of the overburden part of the cut slope is also got Plate 2 Subsurface Geological Model of the Powerhouse
Complex Showing the Proposed Cut slope
reduced as due to reorientation, the powerhouse
is shifted more towards the rock exposures. The cut slope angle was kept very mild 1.1 (45p )/2.1 (63°) in
overburden and 2:1 (63°) in bedrock to maintain the global stability of the slopes. For ease of construction, it is
proposed to provide a 3m wide bench after vertical excavation of 20m. In addition, to achieve overall stability of
powerhouse cut slope, support system comprising of soil nails in overburden and cable anchors, rock bolts,
shotcrete and wiremesh etc. in bedrock along with pressure relief holes in both overburden and bedrock have
been proposed. It has also been proposed to pre strengthen the rockmass through pre excavation grouting.
Though, overall stability of the above cut slope can be achieved by maintaining the slope angle gentle and
keeping adequate support provisions. the geological model of the cut slope and corresponding support
system (the extent and specifications of tendons, bolts, soil nails, extent of grouting etc.) shall be reassessed
during tender/detailed design stage after receipt of additional geological information. Based on the
reassessment of stability analysis, provisions for additional strengthening and support measures like geotextiles, ground anchors, catch water drains etc. for the soil/overburden portion and longer tendons, anchor
drifts, longer rock bolts/anchors, shotcrete with wire mesh, for rock shall be proposed.
Keywords: Geological investigation, geological model, stability analysis, support evaluation
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Geotechnical Base Line Report (GBR) is a single source document containing measures , contractual description
of geotechnical conditions anticipated during excavation of tunnel. The design of tunnels and their subsequent
construction / excavations involve a high level of risk especially with respect to unforeseen ground conditions or
constructability issues.
The management of such risks is essential and critical, for every tunnel project. The proper implementation of
risks is essential and critical for every tunnel design project. The proper risk analysis and construction methodology
is based on findings of G.B.R. which forms a main part of bid document. The GBR includes Characterization of
Geotechnical parameters and geological conditions in such a manner so as to allow the definition of an appropriate
construction methodology with optimal excavation and support technology.
The paper presented here describes how the ground conditions and risks are managed by high lighting the use
of detailed geological parameters which acts as primary driver for offsetting risks and also used for design of
underground structures.
The basic concept of GBR is to establish a realistic common basis for all the contractors in preparing bid
document And subsequently a basis of evaluating any contractors claim for the change in site conditions.
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Lift irrigation projects are being constructed in large scale to cater the needs of irrigation in the drought prone
upland and also to provide drinking water to villages and towns on route in Telangana State. The major lift
irrigation schemes in the state are Mahatma Gandhi Kalwakurthi lift irrigation scheme (MGKLIS), KaleshwaramDBRAPCSS Link-II lift irrigation scheme (KLIS) and Palamuru Ranga Reddy lift irrigation scheme (PRLIS).
MGKLIS is already commissioned and KLIS is in the completion stage, while PRLIS is started few months
back. MGKLIS is constructed in three stages (I, II & III) for lifting the Krishna water from Srisailam reservoir
(back water) to Gudipallygattu balancing reservoir. This project envisages to irrigate about 3, 40,000 acres
uplands. KLIS is an ambitious project and it will provide irrigation facilities for a command area of 16, 40,000
acres utilizing 124 TMC of water in drought prone areas; to provide 10 TMC of drinking water to the villages on
route; to provide 30 TMC of drinking water to the GHMC area and to provide 16 TMC of industrial water by
diverting and lifting of water from Pranahita River. Earlier Kaleshwaram-DBRAPCSS Link-II Lift Irrigation
Scheme was known by Pranahitha-Chevella Sujala Sravanthi Lift Irrigation Scheme (PCSSLIS). All the works
of the KLIS are divided into 28 Packages. PRLIS is being constructed for lifting 90 TMC of water from
foreshore of Srisailam reservoir by means of five stages of lifts involving a total length of 63.875 km approach
channel and 47.866 km tunnels at different location and formation of 8 nos. of new reservoir. In lift irrigation
schemes water is being lifted through a network of reservoirs, gravity canals, tunnels and pump house complexes.
Pump house complex includes surge pool, draft tube tunnels, pump house, transformer cavern and delivery
mains. This is very complex structure, where team of experience people is required for excavation and support
before electromechanical works. For all the three lifts of MGKLIS, pump houses and surge pools are open
excavation (cavities) while for KLIS and PRLIS schemes pump house complex cavities are underground. For
almost one-decade author is associated with these schemes pertaining to site selections, finalization of size of
caverns and appurtenant structures in consultation with designer and support design (Naithani, 2017, Naithani
and Singh, 2016, Naithani et al., 2017a, 2017b, 2018).
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For better rock mass characterization and support design, 3D engineering geological mapping was carried
during the excavation of caverns. The assessment of Tunnel Quality Index ‘Q’ (Barton et al., 1974) and
Geomechnaics Classification (Bieniawski, 1989)) was done based on the information available of the rock joints
and their nature and 3D geological logging. Hoek-Brown parameters (Hoek and Brown, 1980, 1997) were also
determined by the statistical analysis of the results of a set of triaxial tests on core samples. Support system was
recommended on the basis of Tunnel Quality Index, which was very effective. To evaluate the efficacy of the
proposed support system, the capacity of support system was also determined. The Q-system was developed at
NGI between 1971 and 1974 on the basis of approximately 200 case histories of tunnels and caverns (Barton et
al., 1974). They presented a useful correlation between the amount and type of permanent support and the ‘Q’
with respect to tunnel stability. There has been a significant advance within support philosophy and technology
in underground excavations since the introduction of the Q-system in 1974. After its introduction in 1974, two
revisions of the support chart have been carried out. On the basis of 1050 examples mainly from Norwegian
underground excavations an extensive updating was done in 1993 (Grimstad and Barton, 1993). Based on more
than 900 new examples from underground excavations in Norway, Switzerland and India, an updating was
made in 2002. This update also included analytical research with respect to the thickness, spacing and reinforcement
of reinforced ribs of sprayed concrete (RRS) as a function of the load and the mass quality (Grimstad et al.,
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2002).The Q-value gives a description of the rock mass stability of an underground opening in jointed rock
masses. High Q-values indicates good stability and low values means poor stability. During the excavation the
individual parameters were determined during geological mapping using tables that give numerical values to be
assigned to a described situation. For the calculation of Q-values all the discontinuities per 5 m length and
circumference were taken into consideration. An average piece size or block size can be determined using the
same data i.e. discontinuities per 5 m length and circumference. Many underground caverns of lift irrigation
projects are being constructed in Telangana State are largest in the world, so it is recommended that proper
review of real time engineering geological investigation work should be done and accordingly support system
can be modified during the review process. By doing this deformation in the cavern can be minimized and safety
of the structure can be increased. Tunnel Quality Index can be used for the recommendation of support design of
large underground caverns.
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Indian highways in mountainous terrain are uninterruptedly suffered due to frequent Landslides incidences. It is
generally noticed that the landslides trigger during the rainy season; due to unprecedented rainfall of short
duration (including cloud bursts) as well as prolong rainfall of normal intensity and also during earthquakes. It is
experienced that, once a slope failed it becomes the treasury of repeated recurrences, making the highway
unsafe to the commuters and difficult to maintenance agencies. The repeated onslaught of monsoon with recurring
landslides invites an emergency like situation when the restoration of highways becomes the priority leaving
aside the short term as well as long-term remedial measures for prevention of landslides. Since such incidences
occur several tens or hundreds of places, huge revenue is spent on just restoration of the highways which
surpasses the budget of the maintenance earmarked for the whole year. Moreover, the affected slopes remain
unattended due to prevailing situation on the ground, want of more time, budget and workforce. This further
aggravates the problems of the concerned agencies, mainly the Border Roads Organization and Public Works
Departments who look after most of the roads in difficult hilly terrains of the country. An assessment of the
landslide situation in various parts of the country highlights the fact that, on an average, none of the highways
are free from landslides. However, their numbers and frequency of occurrence vary depending upon the various
characteristics/conditions of the terrain and other factors. The geoenvironmental setting of the hill and mountain
slopes vary at short distances due to varying terrain composition and characteristics and when cut for highway
construction/widening and exposed to the act of external triggering factors like rain, earthquake etc. they behave
differently. Therefore, not all the slopes behave identical and experience failure. Precisely this is the reason for
which we have to understand the terrain and its geoenvironmental characteristics so that to understand each
slopes and classify/rate them based on their vulnerability to failure under the influence of the external factors.
The slope failure management system which can be the part of developmental planning identifies the slopes
based on the degree of their proneness to failure and accordingly the recommended action to minimize/eliminate
the chances of failure or mitigate/prevent the risk to loss of life and damage to the highway and other properties.
It also provides the timely information about the impending failure so that rectification can be done without any
harm to the lives as well as the infrastructure. The action taken on the recommendations can also be monitored
along with the efficacy of the recommended measures etc.
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Abstract

Geological Survey of India (GSI) is mandated to provide early warning for landslides. But, absolute prediction
of landslides, both in space and time, remained a challenge. This is mainly due to the variability in the landslide
phenomenon, for example every landslide is unique in terms of magnitude and effect, and a single rainfall event
can trigger one landslide or even hundreds of landslides in an area. Complexities also arise due to the socioeconomic set-up of the hill population, location of villages in remote areas and rise in killer landslide incidences
during night time (e.g., Limbudhura, Malin, Malpa etc.). Under these complexities warning people about the
impending danger has always been a challenge and that too following a ‘top-down’ approach.
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Understanding the complexities of the landslide warning, GSI mooted the concept of ‘bottom-up’ approach of
early warning, with the active participation of local communities at risk (people-centric). For a successful
implementation of any warning system its four inter-related key elements i.e., (i) risk knowledge, (ii) monitoring,
analysis, and warning generation, (iii) dissemination and communication of the warning and (iv) preparedness
for timely response should work in sync at all times and across all sectors to function fruitfully. This often does
not happen, particularly in the case of landslides because of the difficulties in absolute prediction of their
occurrences both in space and time. In the People-centric L-EWS the community manages all the four interrelated key elements required for an effective early warning system (Fig. 1). The system relies on rainfall
threshold model and local landslide risk knowledge for generating warning. The community monitors the
rainfall, analyse its threshold value and exceedance, generate warning and communicate to the local community
and Block Administration, and take decision of evacuation, if required. It is essentially a system where community
plays an important role in the management of landslide warning.
For the first time in the country, on 07th September, 2018, GSI deployed a People-centric L-EWS at Giddapahar
Village in Kurseong Block, Darjeeling District, West Bengal on an experimental basis. Giddapahar is one of the
most landslide prone areas in the Darjeeling district where land sliding is being reported since 2003. The village
is located over the crown of an active rock slide which reactivated several time in the two decades. The houses
and grounds have developed cracks and show signs of active mass movement. Since 2016, the area has been
studied using modern In SAR technology by installing five corner reflectors, rainfall threshold analysis for
landslide initiation within the Kurseong area, conducted landslide awareness programmes and finally the results
culminated into development of a People-centric Landslide Early Warning System. The basic operating procedure
of the deployed People-centric L-EWS concerns mainly syncing of the four key elements of EWS i.e., ‘risk
knowledge’, ‘monitoring and warning service’, ‘dissemination and communication’, and ‘response capability’.
Figure 1 highlights the concept of the system.

Risk knowledge: Making community aware of the landslide risk in their area of living is an important consideration
and first basic step towards developing and implementing People-centric L-EWS. In the present system, GSI
provided risk knowledge to the community through a series of community based landslide awareness programmes
undertaken with the help of the Darjeeling District Administration in 2016 (Fig. 2A) and 2018 (Fig. 2B). They
were taught about the landslide hazard scenarios in and around Giddapahar. A billboard highlighting the hazard
scenarios was erected in the village for reference and guidance (Fig. 2C).
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Monitoring, analysis and warning: In
Giddapahar village, a tipping bucket rain
gauge is installed. A resource person from
the village, designated as ‘in-charge’, is
entrusted for measuring the daily rainfall and
to carryout monitoring, analysis, forecasting
and warning services. Rainfall measurement
interval will be once in a day (0800 hrs) in
normal weather conditions during monsoon
(May-October) or in frequent intervals when
forecasting of heavy downpour is available
through WhatsApp message from BDMO.
The in-charge has been trained by GSI on
rainfall measurement, rainfall threshold
estimation for ‘ALERT’ and ‘ALARM’
warning and to look for signs of instability
before taking decision on warning. The
threshold values (R T) are calculated by
establishing an empirical relation between
3-days antecedent (R3AD) and daily rainfall. Figure 1 Concept of People-centric Landslide Early Warning System.
The equation is expressed as
. The equation
provides the rainfall values for ALARM
warning, whilst rainfall for ALERT is kept
at a lower level. The values for both warning
types have been provided in the billboard.
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Dissemination and communication: The Incharge has to ensure timely dissemination
of warning information to all concerned and
must reach those at risk. A mock-drill for
the same was carried out where whistle has
Figure 2 Landslide risk awareness programme: (A) Giddapahar
been used to communicate warning. This
community
participation in 2016 and in 2018 (B), Billboard installed at
step involves a two-way communication: one
Giddapahar depicting the key elements of the People-centric L-EWS.
between the in-charge and local authorities
(BDMO) and second between the in-charge and community at risk (three continuous whistles with pause).
Communication to BDMO can be via telephone or sms or WhatsApp group with message text saying “ALERT
landslide warning issued”. In case if the rainfall goes unabated and subsequently crosses the ALARM threshold
then ALARM warning to be issued to villagers using same medium as discussed above but with continuous
whistle sound. Communication to BDMO can be via telephone or sms or WhatsApp group with message text
saying “ALARM landslide warning issued”.

Preparedness for timely response: It is essential that communities understand their risks; respect the warning
service and knowhow to react. A mock-drill was carried out to make local people understand the standard
practice they should adopt in response to the ALERT and ALARM warnings. The villagers ran to the designated
safe shelters.
The ultimate aim is to have the People-centric L-EWS included as an integral part of the society living in
landslide prone areas and to be part of their daily curriculum. This will help to enhance the coping capacity of
individuals living in landslide prone areas.
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Underground powerhouse caverns in the mighty Himalayan regions during construction and in operation
experienced major instabilities at different stages. In order to understand the caverns strata dynamic behaviour
and cause for rock bolts failure, it was felt the need of a remote real time on-line regional induced seismicity
monitoring system to provide precursory information for the safety evaluation of the structure. At Tala hydroelectric
powerhouse (THP), Bhutan to address the cavern rock strata instabilities a real time monitoring system installed
and in operation since 2014 based on microseismics. These underground caverns experienced many incidents of
strata instabilities during construction period including large roof falls etc., and even during its operation of last
one-decade large number rock bolts failures throughout the caverns. Since the conventional instrumentation
installed (an advanced, sophisticated geotechnical instrumentation system is employed) during construction
failed to provide adequate information related cavern dynamic stability. A high-resolution sixty-channel real
time micro seismic monitoring system established and in operation since September 2013with the objective to
provide real time regional strata behaviour. The powerhouse-induced micro seismicity continuously recorded,
auto processed and analysed on-line in near real time at the central data-recording laboratory situated inside the
underground powerhouse and further detail processing, analysis and interpretation at two regional data processing
centers located few kilometres far.
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Induced micro seismic data acquired, analyzed and mapped on the 3D plan of the cavern in on-line. Detected
micro seismic events source parameters statistical analysis performed in near real time to correlate with rock
bolt failures / strata instabilities to study the precursory signatures. Few micro seismic events occurred in
clusters at some regions and majority of these induced seismic events have local magnitudes in the range of
about -2.5. The range of recorded events local magnitude indicates that caverns were relatively stable during the
monitoring period and there are no discernible developments of stress pockets or stress regime migration
(changes in stress). Low quantities of variations in the stress reflect the stability of the cavern’s stability. The
recorded low values show the monitoring system response to minor behavioural changes of strata.
This paper presents the underground hydroelectric powerhouse caverns regional strata behaviour continuous
monitoring using real time microseismics for a period of four and a half years after its commissioning. Correlation
of micro seismic activity to reveled the rock bolt failures phenomenon and explained the cavern’s regional strata
stability from time to time. The induced micro seismicity recorded from the similar structures with the matching
geological conditions located far away (about 1000 Km) from THP, close to the major Himalayan fault MCT
used to study fault zone effect on structures also presented.
Key words: Micro seismic; induced seismicity, Rock bolts failure; Cavern Stability; Powerhouse cavern.
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The civil engineering projects form the integral part of infrastructural base in any country and state of these can
be considered as index of development. The civil engineering structure forming part of infrastructure may
include water resources development projects, communication projects, buildings and other urban structures. Of
the above mentioned projects, the water resources projects including hydroelectric, irrigation and multipurpose
projects play an important part in economic development of a nation as these provide important inputs like
power for industrialization and irrigation for sustained agricultural production.
All the projects have to pass through many stages of development before they fulfil the objective for which these
are constructed. Various stages of development for a project are:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Conceptual stage
Reconnaissance stage
Preliminary Investigations
Detailed Exploration
Pre-construction stage
Construction stage
Post construction stage.

The Ministry of Power, Government of India, through OM No.16/ 31/2000- DO(NHPC) dated June, 8th 2001
proposed for three stage development of new Hydroelectric Power Projects. Key activities included in different
stages are:-
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Stage- I Geological Investigations: that include

i. Conceptual stage: It is the stage where a project is conceived by studying the available maps and scanty
hydrological data. Preliminary layout and size of the project is tentatively conceived. Locations of various
components of the project are tentatively fixed and further works planned.

ii. Reconnaissance stage: It may also be called pre-feasibility stage. In this stage the tentative layout of the
project is evolved based on topography, hydrology and available geological data. The size of project and its
tentative economic viability is assessed and sites for various components are tentatively identified on the ground
through study of available data, reconnoitory traverses and also preliminary topographical survey if required.

iii. Preliminary Investigations: This stage may be considered equivalent to feasibility stage. At this stage the
general picture of regional geology should be clear. Therefore, the geological maps of the area around the
project site should be available
Stage- II Geological Investigations

The purpose of investigations at this stage is to prepare the DPR. For all water resources projects, either
irrigation or power or both, preparation of a Detailed Project Report (DPR) is a statutory requirement so that the
various regulatory agencies involved in examination and evaluation of the project from technical, economical,
social and environmental aspects can examine the viability and techno-economic justification of the project and
establish its commercial viability.

In the past, DPR’s have been prepared for projects wherein all the details like DPR stage designs, cost of the
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project and construction schedule etc. have been dealt in details but unfortunately, a vast majority of these
projects could only be completed with enormous cost and time overruns and changes in designs rendering the
techno-economic evaluations done on the basis of original DPR’s irrelevant. Because of the past experience of
huge cost and time overruns in the field of water resources development and increasing the importance of cost of
financing, the concept of ‘Bankable DPR’ has evolved.

M
O

A bankable DPR should give enough confidence to the prospective financing agency that the major components
of the project have been well explored and designed using reliable and adequately detailed field data so that
scope and nature of work would not undergo major changes during construction stage. The main requirement of
a DPR being bankable is the assurance of the project being constructed within the estimated cost and the
schedule time.
Both surface and subsurface investigations carried out so far should be reviewed thoroughly, residual investigations
identified and this should form the basis of proceeding further.
Most of detailed geological information during the exploration stage of the investigations is obtained from:
(a) Detailed surface geological mapping.
(b) Exploratory Drilling
(c) Exploratory pitting/trenching and drifting.
(d) Geophysical exploration.
(e) Seismological and seismo-tectonic studies
a) Detailed surface geological mapping: Apart from regional scales, the site of every appurtenants of the
project should be mapped on large scale picking up all the details. Geological sections should be prepared for all
the appurtenants so that detailed subsurface explorations are planned.
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b) Drilling: Most of the subsurface geological information during the exploration stage is obtained from drilling.
In case of a dam, initially one drill hole is drilled on each abutment, about half way between top and bottom of
the abutments even if rock is exposed. This is done to explore if some undesirable defects exist in the rock. In
addition, one or two drill holes depending upon the width of river bed should be drilled in the river section to
have an idea about extent of overburden and profile and nature of bed rock. The results of these initial explorations
would guide the further explorations.

The depth of drill holes depends on local geological conditions, such as the extent of overburden, soft or
deleterious zones in the rocks, faults and joints within influence zone of dam. In some special cases, it is
necessary to know the nature of rock below the finished foundation grade and therefore the drill holes must be
drilled deep enough to obtain this information. Generally, the drill holes should penetrate the overburden and all
unsound or weathered rock till sound rock is encountered. However, for exploration of foundation of dam, it is
advisable that depth of the holes should be more than the expected depth of the treatment proposed for the
foundation.

It is generally advised that the abutment holes should be drilled to approximately the elevation of river bottom
and that depth of holes may approximate the height of dam.
In case of a tunnel, whether diversion, headrace or tailrace, the requirements are:

The nature of strata likely to be encountered along with structure and lithology.

Whether there is enough rock cover over the structure.

Location of weak zones

Whether water is likely to be encountered, if so, in which portions and in what quantities.

Which portions of tunnel require supports. What is the quality of rock mass that is likely to be encountered
and what types of supports are required.
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It may be mentioned here that in case of deep seated tunnels, drilling can also be utilized to estimate the
quantum of water likely to be encountered along a proposed tunnel through a technique known as Drill Stem
Testing, a technique employed to estimate the quantity of oil available in an oil reservoir during oil and gas
exploration in Oil Industry. Though not employed in India, this technique has been applied extensively in
Western countries in recent times, particularly in Lötschberg Base Tunnel, a 35 km long Alpine tunnel that
crosses karstified and fractured limestone under an overburden of 1000 m.
Till recently, the determination of the hydrological parameters was being qualitatively estimated from the
normalized approach using Lugeon test. It is now recognized that this kind of approach is not quite appropriate
because
The Lugeon type of test is an injection test and does not correspond to the physical process of water
drainage, which is a natural production of water from the formation.

-

The viscosity of the injected fluid (a mixture of water and mud) is not well defined, and does not allow an
accurate calculation of the hydrogeological parameters of the formation.

-

The injection process for the Lugeon test may modify the geotechnical conditions of the formation, thus
modifying its hydrogeological parameters and also these tests do not allow determining the formation
pressure.
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-

For the above reasons, in recent years, more and more tunnel designers have been looking for an alternative to
Lugeon tests. New testing tools have been designed to investigate the formation from vertical or inclined
boreholes and also systems based on the use of testing tools in horizontal boreholes, drilled along the tunnel
route.
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Other structures that require detailed explorations are surge shafts, penstocks/pressure shafts and powerhouses.
In case of open to sky surge shaft, one drill hole in the centre of structure going down to the bottom of the
structure should be drilled to have an idea of overburden thickness and quality of rock that is likely to be
encountered. Similarly, in case of penstocks/ pressure shafts the surface mapping should be resorted to locate
thrusts, faults and stability problem arising from surface creep or a seismic creep. The foundations of anchor
blocks may be explored through drilling to have the idea about the strata likely to be encountered in the
foundation.

In case of powerhouse, if it is surface structure, the area should be adequately explored through drill holes to
assess the thickness of overburden, the characteristics of strata present at foundation grade, behaviour of ground
water table and if required treatment for foundations be formulated. Similarly, its safety from floods and also
stability of back slopes should be assessed and treatment measures required to stabilize them evolved.
All the drill holes drilled during this stage should be water pressure tested, permeability of the strata determined,
behaviour of ground water should be studied in drill holes and zones requiring further attention conveyed to
designers.
The accuracy of predicting the characteristics and behaviour of strata depends on the quality of drilling and
quality of subsurface explorations as many projects have suffered on this account in the past. Therefore high
quality of drilling should be insisted upon. All the drill cores, if possible should be photographed for future
records.

c) Exploratory pitting/ trenching and drifts: In addition to drilling, exploratory pits and trenches can be
excavated at certain locations where overburden is expected to be shallow. This would help in characterizing the
nature of overburden and assess its thickness.
Exploratory drifts: The initial portions of tunnels, adits and underground powerhouses are explored with the
help of exploratory drifts. As compared to drill holes, these give view of in-situ bedrock and the characteristics
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of same can be studied in details with a view to determine rock mass quality and designing rock mass support
system. These pits and trenches can also be utilized for carrying out field tests.
At this stage it is recommended that important underground structures with large dimensions like power house,
desilting chambers where rock cover is large should be explored fully through drifts so that possibility of
encountering surprise element is not left and orientation, shape of the structure is finalised and support system is
designed. These are also utilized to conduct in situ rock/soil mechanics tests to characterize the behaviour of
mass.
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d) Geophysical Explorations: Since drilling and other subsurface exploration are costly and time consuming
operations, these should be employed optimally. The gaps areas left between explorations can be explored
through geophysical methods as these yield quick results. These can be employed to determine the depth to
bedrock in overburden covered areas in conjunction with drilling in case of dams, surface powerhouses and in
selected areas along tunnel routes.
e) Seismological and Seismotectonic Studies: These studies have bearing on the design of all the components
of the project and are therefore, required to be conducted judiciously as they determine the safety of the project.
This is more important since 59% of land area of our country suffers from seismic risk of high to moderate
intensity. The data about the seismic history should be collected from available records and concerned
organizations. This data is required for calculation of seismic coefficient. If major tectonic structures are located
in the vicinity of the project, it is advisable to get micro-seismic surveys conducted so that seismic status of the
same is known.
BIS Publication “Geological Explorations for Gravity Dams and Overflow Structures- Code of Practice” states
that “a bankable DPR should be prepared after completing the detailed investigations/ explorations and no scope
for further should be left and the project layout must be taken as final.”
Limitation of Geological Investigations
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In underground works, no geological investigation programme, how so ever detailed it may be, can predict the
behaviour of the strata with certainty. The only reliable exploration for a tunnel or a cavern would consist of a
small diameter drift or pilot tunnel along the alignment of the proposed structure. This is always done for
caverns of limited length like desilting chambers, power house caverns, and for short tunnels, but cannot be
justified in case of long tunnels. So the element of uncertainty always remains and same cannot be avoided.

The results of the explorations carried out up to this stage should be compiled in the form of report to be
incorporated in the DPR. All relevant data with interpretations and recommendations should be presented as
clear as possible. The limitations, possible grey areas and further explorations should be spelt out in clear terms
because the taking of project to next stage ie., construction stage and its successful completion depends on the
quality of DPR, optimization of explorations and judicious use of the results of the explorations carried out so
far.
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Near surface geophysics and far reaching applicationsA recent success story from Chennampalli Fort area,
Kurnool District, Andhra Pradesh
J V Rama Rao
B. Ravi Kumar
Geological Survey of India, Southern Region, Hyderabad
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Small size and near surface features are increasingly being investigated with the geophysical surveys with a
great degree of success and is occupying prominent place in Geological Survey of India under a special Mission
carved to address such issues. Advancement in instrumentation and processing have led to the extensive
applications in Engineering Geology, Archaeology, Environmental Sciences, Military intelligence, Geotechnical
Investigations, Treasure hunting and Hydrogeology. Almost all the exploration methods commonly used in
major studies like Oil and Gas or Mineral prospecting find place in the Near Surface Geophysics. Of these
methods, Electrical Resistivity, Electromagnetic surveys, Micro Gravity and Magnetic surveys, Refraction
Seismology and Ground Penetrating Radar (GPR) studies occupy prominent place in Near Surface Geophysical
applications.
Geological Survey of India is using the geophysical surveys for a long time for the Engineering Geological
studies such as Bed rock mapping, Dam alignment studies, Identification of weak zones, Land slide studies,
Seismic micro zonation studies for assessing the ground suitability and Urban planning. In addition to the above
commonly used objectives geophysical techniques such as monitoring of micro seismic activity near Irrigation
projects, Strong motion accelerograph studies for designing the Earthquake resistant structures, Archaeological
applications, Scientific Treasure hunting, Infrastructure projects and Military Intelligence are possibly the new
avenues that may have to be pursued vigorously as these are societal issues with lot of implications.
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Important stages of Geophysical surveys for these applications include high precision data acquisition with
sophisticated and high resolution equipment to pick up small order anomalies followed with proper data processing
techniques to improve the signal to noise ratio and imaging the sub-surface in terms of physical signatures.
These signatures in the interpretation stage are converted to meaningful objectives like identification of voids,
large size boulders, buried metallic objects, fracture zones, manmade buried channels and such other important
features. One such application is presented in this article to showcase the efficacy of geophysical methodology
for specific and unique problems.
The 16th century Chennampalli Fort, Tugalli-Mandal, Kurnool-Dist, A. P is in limelight in the recent past with
the suspicion that high value minerals are hidden in fort area. Accordingly, the Govt. of A. P. has conducted
exploration work by using Resistivity, EM (metal detectors) and some other techniques to identify the possible
area for hidden Minerals / Treasures and subsequently preliminary excavation work was carried out at suspected
locations in fort area. As these efforts were not giving desired results and to clear the air Govt. of A.P has
requested Geological Survey of India to carry out state of art surveys in this rugged and ruined fort to identify
possible areas where excavations can be targeted.

The role of scientific aids in archaeological reconnaissance is undeniable, be it in the form of a simple handheld
GPS for recording locational details of artefacts to structures and also sophisticated equipment like drone and
laser scanners. The geophysical aids in reconnaissance is a fast developing field which has conjured much
interest among the archaeologists for its non-invasive and non-destructive methodology to probe into the subsurface
arena much before the excavation. One of the advantages of geophysical tools is that it can cover larger areas of
landscape for detecting the buried architectural features (Bevan 2006). The geophysical tools help in the “detection,
imaging, and mapping of subsurface features over large areas in potentially great detail” (Kvamme 2003).
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The method of magnetic survey is a passive geophysical technique based on the detection of contrasts in the
magnetic properties of different materials. Even if such contrasts do not exist, magnetic prospecting will be
useful in identifying structurally weak zones that could house the objects of interest. To do magnetic prospecting,
one simply measures the Earth’s magnetic field with small measurement spacing and very close to the surface.
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Magnetic survey is one of a number of geophysical tools that are used for detecting buried features in archaeological
geophysics. In favourable conditions, magnetic prospecting is the most effective, fast, and non-destructive
method for the investigation of archaeological sites.
In this area Magnetic surveys carried out
with close spaced traverses across the
entire fort area has brought out a corridor
of residual magnetic highs not relatable
to geology. After applying filters to
suppress the noise, small order anomalies
are identified on different platform areas
and accordingly prioritized for carrying
out the Ground Penetrating Radar (GPR)
method for mapping the subsurface of
those anomalous areas that could
possibly be housing buried objects of
interest.
Chennampalli Fort, Kurnool District, A.P.
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The GPR can be a powerful and less
time-consuming method in favorable
conditions like uniform sand / soil cover
areas. Since, the Chennampalli hill fort
area is covered with huge granite
boulders resting on the basement granite,
which constrained to conduct GPR
surveys at limited site locations where
the area is uniform and covered / filled
with soil cover. The traverses were taken
at selected sites (Fig 2) using 100/
200MHz antenna in continuous mode.
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The prioritized site is located at highest elevation of the fort on Platform-3 and coinciding with high magnetic
anomaly is characterized by lot of loose earth material which has been back-filled after excavation by locals.
Walls of an old chamber are visible on the higher elevation in north- east.
GPR survey with 200 MHz antenna with survey wheel attached was carried out along the almost entire length of
this area. One of the profiles in the central part of ridge indicates presence of several void spaces along the
profile suggesting existence of subsurface compartments which are now filled with soil and boulders. These
hidden chambers could probably be areas within the Fort that were used for safeguarding valuables like precious
stones or even ammunition. Unusual high density of bastions is noticed encircling this area.
The recommended areas are subsequently explored by State Officials and interesting objects are unearthed. This
was very rewarding and satisfying experience for GSI and probably encourages in to new vistas.
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Earthquake-induced landslides are one of the most damaging natural disasters. In fact, damage from earthquakeinduced landslides is worse than damage related to the shaking and rupture of the earthquake itself. Earthquakeinduced landslides damage and destroy homes and other structures, block roads, destroy utilities, and dam up
river and streams. In Nepal, the 2015 Gorkha Earthquake occurred at 11:56 AM Nepal Standard Time on 25
April 2015 also triggered many earthquake-induced landslides and they killed tens of people along the highway
and village settlement. The most abundant types of earthquake-induced landslides are rock falls and slides of
rock fragments that form on steep slopes.
The size of the area affected by earthquake induced landslides depends on the magnitude of the earthquake, its
focal depth, the topography and geological conditions and duration of ground shaking. Various researches have
confirmed that earthquakes as small as magnitude 4.0 may dislodge slope materials from susceptible slopes, and
larger earthquakes can generate tens of thousands of landslides throughout areas of hundreds of thousands of
square kilometres, producing billions of cubic meters of loose, superficial sediment. Likewise, any event with
magnitudes greater than 6 generated proportionally more rock falls and slides and soil falls.

I
SA

The Himalayan Belt has been well recognized as an area of high seismic hazard due to active subduction of
Indian Plate beneath the Eurasian Plate. This implies that earthquake-induced landslides need special attention,
especially in seismically active and risky mountainous zones, like the Nepal Himalayas. The active fault and
thrust systems in the Nepal Himalaya have direct and indirect influence for past and future earthquakes. Landslides
associated with the past earthquakes in the Nepal Himalaya are not well documented but few authors have
described some cases of landslides in past earthquakes. Likewise, there are few findings on earthquake-induced
large-scale landslide as well as supply of sediments from earthquake-induced landslides in Pleistocene and
Holocene epochs which were responsible to block river valleys in central Nepal. This presentation is prepared to
give concise information about earthquake-induced landslides in the Nepal Himalaya, their recent studies and
tread of ongoing research. Six major earthquakes of last 100 years including the recent 2015 Gorkha Earthquake
of Nepal are taken into consideration for this presentation.
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Importance of geological considerations in site selection of engineering
structures for water resource projects of Central India - Case studies
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The feasibility, planning, design, construction, cost estimation and the safety of the project depend critically on
the various geological parameters of the water resource projects. This paper deals only with the geological
problems and geotechnical properties of the rocks for various water resources projects of Central India. Pench
Dam is one of the such project, where central spillway were investigated by surface and sub-surface investigations
and is shifted to side spillway (left side) after taking into consideration the presence of buried channel at left
bank of spillway resting on thin layer of massive basalt underlain by vesicular basalt unit with poor engineering
properties at the foundation grade of central spillway. Khindsi feeder canal is a cut and cover water conduit
system, passes through undulatory topography, occupied by basement biotite gneiss of Tirodi Gneissic Complex
and meta-sedimentary sequence of Sausar Group of rocks. Analysis of sub-surface exploration implies that
moderately to highly weathered biotite gneiss and slightly weathered marble encountered from RD6810m to
RD12132m and RD12132m to RD121930m respectively, constitutes the geology at the canal bed level (RL
316m) of the structure. Considering geological problems and geotechnical properties, cut and cover structure at
canal bed level is envisaged instead of tunnel. Plate load test as per design criteria, cut and cover concrete
conduit structure for selected “poor” rock mass with acceptable load bearing capacity of the structure is calculated
i.e. 30MPa. The design criteria have been changed into four sections at down depth along feeder canal viz., 6
to12m, 12 to 18m, 18 to 22m and 22 to 26m based on influence of geology and geotechnical properties of water
conduit system. Rheology differences of competent and incompetent rocks (unconformable contact of biotite
gneiss- marble) may pose a threat and taken into consideration while designing the structure.
Kochi barrage project investigated by 30 drill holes, indicates that tentative fresh rock levels encountered at the
barrage location and its appurtenant structures between RL 290.5 and 298m (17m to 24.5m from ground level)
and in the earthen flank, between RL 281.70m and 289.50m (25.5 to 33.3m from ground level EL 315m).
Sporadic out crops of biotite gneiss exposed at river bed level of EL 301.15m. Subsurface exploratory drill core
encountered slightly weathered biotite gneiss, intermittent highly to completely weathered biotite gneiss along
foliation joint and pegmatite veins at drill down depth. These may be detached boulders of biotite gneiss
encountered during drill cores at the intermittent depth which may jeopardize the stability of the barrage. On
further sub- surface investigations at the barrage site, the proposed foundation level depth needed further
revision due to presence of weathered biotite gneiss and pegmatite veins / zones at the barrage blocks and
Energy Dissipation Arrangement (EDA) portion. Influence of geology subsequently increased the barrage
width, due to deeper level of foundation at EDA structure. Accordingly, due to increase in barrage width at the
desired foundation level, a horizontal type EDA has been designed which is economically viable and negated
“Roller Bucket Type” energy dissipation arrangement. Presence of geological problems, remedial measures,
geotechnical parameter, discontinuity planes such as joints, bedding planes, fracture zones, etc. are of great
importance and discussed here from the point of view of infrastructures projects, as they are the main source of
trouble during dam construction. Geology, geotechnical properties and foundation conditions of rocks may also
taken be up as useful parameters for other engineering structures projects like Thermal power project, Nuclear
power project, communication and transport projects etc. This information can be readily accessed and interpreted,
thus providing a powerful planning and financial tool from which feasibility studies and planning can be
effectively implemented.
Key words: Pench Dam, Khindsi Feeder Canal, Kochi barrage
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Abstract

The Engineering Geological challenges during construction and post construction of dams in Himalaya are
many due to complicated geology, high seismicity, rugged terrain and high relative relief in addition to excessive
seepage problems. The slow pace of development related to hydropower projects can be attributed mainly to the
difficult terrain characteristics related to accessibility, geology and engineering parameters.
Nepal is endowed with enormous water potential, most of which is confined within the high altitude glaciers of
Himalaya. However, a large part of water resource in Himalaya is yet to be harnessed fully. A 100 m high dam
is proposed on River Sun Kosi at about 1.5 km downstream of confluence of Sun Kosi and Dudh Kosi Rivers at
Kuruleghat. The Sun Kosi River flows through a narrow gorge and negotiates a broad ‘S’curve in this region.
The present research pertains to Geological / Geotechnical investigations carried out for DPR stage investigations
for Sun Kosi Storage-cum-Diversion Scheme that includes Geological Mapping and Engineering Geological
evaluation of suitability of dam foundation, its abutments and other appurtenant structures, a 22 km long horse
shoe shaped diversion tunnel with 6m diameter having its intake located about 400 m upstream of dam axis at
right bank of River Sunkosi, The intake structures were studied on 1:100 scale as well as identification of
problems likely to be encountered during construction and immediately after construction were highlighted.
Keywords: Engineering Geology, Dam abutments, Diversion tunnel, Sun Kosi, Nepal.
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Abstract

In the existing scenario of vast infra-structural and industrial development there is ever growing demand for
power. Moreover, we require green energy to save our environment; hence this becomes a challenging task for
the engineering geologists and design engineers to explore prospects for optimising the renewable use of water
resource from any available hydro project located upstream. One such kind of study deals with the geotechnical
evaluation and optimal use of silt free water in Surgani-Sundla hydro electric project (48MW) on Siul River, a
tributary of river Ravi in Chamba district, Himachal Pradesh. This project is located downstream of Baira-Siul
HEP (180MW) of NHPC Ltd. The project area falls in toposheet number 52D/2, in the Lesser Himalayan zone
exhibiting rugged topography characterised by high ridges. The main drainage of the area is Suil River, which is
fed by perennial nalas. Most of the human settlements are confined to this wide and open river valley. The
project envisages utilization of silt free water available from the tail race tunnel (L-7221m, dia-6.2m, with
1:255.06m gradient) of Baira- Siul HEP with a gross head of 77.18m for the generation of 48MW (3 x16) of
power in a surface powerhouse (60m x 15m) located near village Majra the right bank of Siul River.
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The surface geological mapping along the proposed HRT on 1:15,000 scale and geotechnical evaluation of the
Intake area, Power House area and adit portals of Surgani Sundla HEP was carried out. The lithological and
structural data was collected for the surface exposures and was projected to sub surface levels incorporating the
exploratory drill hole data supplied by the project authorities for preparations of cross sections.

Geologically, the Surgani-Sundla HEP is located in the north-western part of the NW-SE trending syncline. The
area is covered by the rocks of Chamba Formation in the downstream of Siul River, consisting mainly of
phyllite, slates schistose quartzite bands and carbonaceous schist. The Chamba Formation is overlain by the
Manjir Formation with unconformable contact. This comprises pebble beds, calcareous and argillaceous slates
and phyllite. The Manjir Formation in turn is overlain by the Katarigali Formation. It mainly consists of light
colored schistose quartzite bands, black carbonaceous slates, phyllite and schists. The Salooni Formation consists
of fossiliferous sequence of calcareous siltstone, slate, limestone and carbonaceous shale and slate with phosphatic
nodules, at places. Kalhel Formation overlies the Salooni Formation and it has gradational contact with it. It is
exposed in the intake area of the Surgani Sundla HEP. It comprises mainly of greyish blue, grey yellowish
crystalline limestone and dolomite inter-bedded with dirty white and grey quartzarenite. The limestone is
interstratified with grey, thinly bedded calcareous slates and phyllite at places. Structural deformation in the
area is reflected by few shear zones and thin shear bands mainly parallel to the foliation, whereas a major fault
trending E-W is well exposed in the intake area which requires detailed geotechnical investigation.
Geological mapping and geotechnical assessment along the proposed HRT alignment revealed that the HRT
will cut across five formations viz. Khalhel, Salooni, Katarigali, Manjir and Chamba formations and the tentative
length of HRT in these formations will be 1331m, 342m, 1363m, 2968m and 1217m which comes 18.43%,
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4.73%, 18.88%, 41.10% and 16.85% respectively. It is revealed that HRT is passing below many perennial/
ephemeral nalas and deep incision along these nala has been observed. The tentative cover below Jusab nala is
~86m, Bhandar nala is ~54m & Dwaaru nala is ~151m and which appears adequate as far as vertical rock cover
is concerned.
On the basis of geological mapping and geotechnical assessment of the power house location project authorities
have been suggested to shift the location towards hill side and slightly upstream side to have adequate width of
terrace to accommodate the appurtenant structure of powerhouse. Prima facie, it appears that the over lying
slopes of power house are stable, except for a few locations where concurrent stability measures is needed with
the progressive excavation.
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Keywords: Lesser Himalaya, Chamba, Suil River, desilted water, geotechnical investigation.
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Abstract

The AMR-SLBC Scheme intends to draw water from the foreshore of Srisailam Reservoir to let into a 9.20 m
dia., and 43.81 km long circular T-1 tunnel excavated by TBM to form the Dindi Balancing Reservoir. Further,
this water from the Dindi Reservoir is let into a 8.75 m dia., and 7.12 km long horse-shoe shaped T-2 tunnel for
further transmission. Located between T-1 and T-2 tunnels, the proposed Dindi earth dam is 47 m in height and
3.300 km in length with a 17 gated central spillway across the Dindi River being flanked by NOF dams on either
side and is designed to have a gross storage capacity of 7.54 TMC for irrigation and also to augment drinking
water supply.
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The Project area under is a gently undulatory country interspersed with low lying isolated hillocks. The area is
drained by Dindi River mainly with the drainage pattern being dendritic to sub-dendritic. Regionally, the area
exposes rocks belonging to Dharwar Supergroup of Archaean age, Peninsular Gneissic Complex (PGC) of
Archaean to Paleo Proterozoic age and Cuddapah Supergroup of Mesoproterozoic age. The supracrustal rocks
are represented by metabasalt, which occur as rafts/enclaves within Peninsular Gneissic Complex. The granites
of Peninsular Gneissic Complex include grey hornblende biotite granite, grey/pink medium to coarse grained
biotite granite, pegmatite, quartz veins and dykes of dolerite, gabbro are intrusive into PGC. At the dam site,
medium to coarse grained grey granite with acid and basic intrusive belonging to Peninsular Gneissic Complex
of Archaean age is exposed in the components of the dam.
At the project site, detailed geological mapping and assessment of the foundations of Spillway blocks 1 to 18,
blocks 1 & 2 of the right NOF dam was critically evaluated to arrive at suitable measures of treatment. Light
grey and pink, medium to coarse grained fresh and hard granite with quartz and dolerite intrusive belonging to
Peninsular Gneissic Complex of Achaean age form the foundation medium for the spillway and NOF dam
blocks. The proposed 258 m long central gated spillway structure with its crest level at +237m against the FRL
at +245 m, seated across Dindi River between Ch. 2239 and 2497m with each block admeasuring 15 m in length
along the axis, except the first block which is of 9 m length, as per design specifications. The 258 m long, 18
blocks spillway is located between Ch. 2293 and 2497 m with a total of 17 vents of 12 x 8 m dimension to route
a discharge of 8580 cumecs with the help of 17 gates. Of the 18 blocks, the four central blocks 8 to 11 constitute
the deep blocks located across the river course with a maximum water column. The individual block of spillway
is 15 m in its length along the dam axis except the end blocks i.e., block: 1 and 18 which are 9 m in length Each
block extends from 7.43 m on u/s of the axis to 70.34 m on d/s side with the body wall extending up to 35.37 m
from axis, followed by bucket portion till 41.57 m, beyond which stilling basin and apron areas are located. It
necessitated 5.3 to 10.2 m of excavation to reach the present foundation level against the ground levels that
range from +208.195 to +202.865 m with the general foundation level being +198 m. The selective weathering
is a common geological phenomenon in a granitic country that leads to extensive disintegration of the bedrock
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which actually paved way for the formation of ellipsoidal to irregular shaped weathered pockets. The surface
area of the curvilinear joints, at many a place, appears to be smooth due to water action of the river. Such
surfaces are suggested to be made rough enough to hold the concrete padding so as to yield adequate results of
bonding.
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In all, five blocks constitute the Right N.O.F dam and their base widths would gradually taper towards right side
at higher elevations. All the five blocks are located between Ch. 2497 to 2605 m along the axis, with a
provision for a core wall that marks the end of the gravity structure. Except the block: 1 which is 24 m in length,
all the remaining individual blocks are 20 m long and dam blocks: 1 and 2 are being seated on a gently sloping
hillock while the blocks: 3 to 5 would be housed on a gradually rising hillock. It necessitated 7.9 to 12.9 m of
excavation to reach the present foundation levels that vary from +197.405 to +202.860 m.

Granite is transacted by the joint sets trending (i) N65o to 80oW – S65o to 80oE / vertical; ii) N10o to 15oW –
S10o to 15oE / 70o SW to vertical; iii) N40o to 55oE – S40o to 55oW / vertical; iv) N10o to 25o E – S10o to 25oW
/ 80oSE to vertical; (v) N70o to 85oE – S70o to 85oW / 75o NW to vertical; and vi) sub-horizontal joints which are
close to widely spaced, vertical to sub-vertically dipping, mostly tight and discontinuous in nature. Of all the
joint sets, the joint set trending along N65o to 80oW – S65o to 80oE direction extends almost perpendicular to the
spillway axis unlike the one trending N10o to 25o E – S10o to 25oW which is almost parallel to the dam axis.
Other sets of joints are diagonal in their disposition. The Project authorities had conducted permeability tests at
select locations with appropriate applied pressures indicated the permeability of the media to range from 1.51 to
32.07 Lu thus warranting systematic grouting of the foundation media to make them monolithic by improvisation
of the quality of granite and to contain the permeability of the rock mass.
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Integrating the data generated from geological mapping and geotechnical evaluation of the foundation media
coupled with the permeability test results, it was recommended for spillway: to easen the rock projections from
the foundations as observed at a few places; to fill-up the sub-horizontally disposed linear fissures occurring at
select locations by injecting cement slurry; to roughen up the smooth surface of the curvilinear joints to ensure
thorough bonding; and to provide consolidation grouting in the body wall and bucket portions of spillway
blocks and along axis of the NOF dam with the grout holes up to a depth of 21 m with the holes spaced at 4 m
interval in a staggered fashion to seal-off the open joints/pervious zones to make the foundations monolithic.
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Abstract

After attaining recent modification in the system, reengineering was accounted for developing the latest
Kaleshwaram Project which takes off from Package-6 for further transmission to Mid-Manair Reservoir Project,
Karimnagar district. The Package-14 forming one of the significant components of the Scheme, involves
construction of a tunnel to further channelize into Konda Pochamma Reservoir through a 112 m deep pump
house complex for irrigating 90,000 acres of land. In view of the present modification in the reservoir storage, a
6 m dia., 11.600 km long D-shaped tunnel with an underground pump house complex would be excavated.
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The area is undulatory with scattered denudational hills. The easterly flowing Sharmirpet Vagu, a tributary to
Musi River, drains the area. The granites and gneisses of the area form a gently rolling plateau/pediment with
tors, mounds and inselbergs. Regionally, the area is occupied by hybrid granite gneiss, grey hornblende granite
gneiss, grey hornblende-biotite gneiss, pink hornblende-biotite granite and alkali-feldspar granite belonging to
the Peninsular Gneissic Complex, which is intruded by basic dykes that range in composition from dolerite to
gabbro. Medium to coarse grained, grey and pink granite are the predominant rock types in the project area and
contains patches of grey hornblende-biotite granite gneiss and grey hornblende granite gneiss belonging to
Peninsular Gneissic Complex of Archaean to Palaeo Proterozoic age.

Geotechnical investigation involves detailed geological mapping along the revised tunnel and underground
pump house complex alignments for a length of 11.600 L km and geological logging of 22 boreholes for a
cumulative length of 1856 m for the proposed underground pump house complex was assessed to arrive the
probable geotechnical measures for its stability. As per the scheme, the water from Kureli Vagu anicut will be
let into a 4.850 km long gravity canal from R.L +524.750 m to drop into tunnel at R.L +510.153 m. The
proposed tunnel will be located from Ch. 4.850 to 16.450 km with a bed slope of 1 in 970 having a design
discharge of 730 cumecs. The cover over the crown of the proposed tunnel ranges from 46 to 88 m. In general,
majority of the tunnel alignment area is covered with light to reddish brown soil barring a few reaches of
isolated exposures of granite which form the geological media for the tunnel as observed between Ch. 7.500 and
9.300 km. There is a geomorphological depression from Ch. 9.380 km sloping southwest up to Ch.10.500 km.
Fine grained silty soil is exposed along the tunnel alignment till Ch. 10.100 km. The rock mass is traversed by
joint sets trending: i) N25o to 35oW– S25 to 35oE / 75o NW to Vertical; and ii) N70oW – S70oE / Vertical; iii)
N25o to 30oE– S25o to 30oW / Vertical; and iv) N50oE– S50oW / Vertical and sheet joints. The joint sets are
close to moderately close spaced. They are generally askew to the proposed alignment and are rough and planar
in nature, with the joint planes exhibiting stained surfaces, at places.
Geological logging of 18 boreholes indicates that the depth to fresh granite to vary between 28 and 49.50 m. The
core recovery percentage in all the boreholes ranges from nil to 100 whereas the RQD percentage varies
between nil and 94. Joint dips recorded in the rock samples are 10o, 45o, 75o, 80o and 90o. The percentage of
core recovery ranges from 50 to 75 whereas the RQD percentage varies between 21 and 56 in the particular
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reach of the tunnel from Ch. 9.380 to 10.200 km. Though no particular surface signatures are visible in the
proposed area, only a broad geomorphological depression occurring along the tunnel alignment is observed
from Ch. 9.380 to 10.200 km. However, deeply disintegrated bedrock, almost transformed into soil is only
recovered in boreholes up to depths ranging from 22 to 40m depth, below ground level thus indicating some
structural activity in this particular reach. On the basis of surface and sub-surface geological data, Rock Mass
Quality is worked out for the proposed tunnel reach which ranges from 5.5 to 14 varying from fair to good rock
category. However, in the reach of the tunnel located between Ch. 9.300 to 10.500 km, the Rock Mass Quality
varies from 3.66 to 9.83 falling in poor to fair category.
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As per the designs proposed, the entire underground pump house complex would be located between Ch.
16.450km and 16.550km having a 25m wide, 150m long, 108m deep surge pool and a 25m wide, 215m long,
112m deep pump house encompassing 6 pumps and with a 50m long Rock ledge in between surge and pump
house. Detailed geological mapping and geological logging of drill cores obtained from the boreholes it was
opined that medium to coarse grained, fresh and hard, competent grey and pink granite belonging to Archaean
age would form the chamber media of the proposed pump house complex. Since the pump house would be
located underground, the length of the Rock ledge was opined to be increased from 75 to 100 m for stability, in
consultation with the design engineers. The ‘Q’ values of granite for the surge pool vary between 13.3 and 14.3
thus falling in good rock category; whereas for the pump house they range from 9.50 to 14.6 categorizing the
rock mass as fair to good rock. Two boreholes drilled up to a depth of 110m at Ch. 16.475 km and 16.550 km
indicated the thickness of total cover above the crown of the surge pool to be around 44m followed down by the
62 m thick fresh and hard granite which continues till the bottom level of the chamber. The thickness of fresh
rock cover at the pump house location is 48 to 52 m. Granite is slightly weathered to fresh and hard in nature and
forms the geological media for the pump house cavern. Three to four sets of close to moderately close spaced
joints traverse the rock mass at the pump house complex and generally askew to the proposed alignment and are
rough and planar in nature.
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Based on the inputs of geological logging and geotechnical assessment of the rock mass condition, the details of
the support system for tunnel employing the Barton’s formula indicate to range from 3.66 to 15.66 classifying
the rock mass to belong to poor to good category. For pump house complex, the Rock Mass Quality is worked
out to vary from 9.50 and 14.6 thus ranging from fair to good rock category. The pump house complex would be
seated underground which requires prudent planning for its execution. The Rock ledge is presently designed for
50 m length which is opined to be increased from 75 to 100 m for stability of the surge pool and pump house
structures in cognizance with design specifications.
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Abstract

Dr. B. R. Ambedkar Pranahita Chevella Sujala Sravanthi Lift Irrigation Scheme (PCSSLIS) contemplates diverting
of 160TMC of water from Pranahita River (RL±150m) to Chevella Reservoir (RL±635.00m) to create irrigation
capability of 16.50 lakh acres and will also provide drinking water to some of the villages and towns. The
scheme involves multistage lifting, series of canals, tunnels and storage tanks. The entire project is spilt into 28
packages for simultaneous implementation and well-organized operational purpose.
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Package 18 forms important part of this colossal scheme (PCSSLIS) and is proposed to divert 87.21cumecs of
water from Gundureddipalli (v) to Muhannadabad (v) by the means of gravity channel, a 5.59km long, 7m dia
tunnel and a distributary system. Package-18 will irrigate 15,000 acres of land in parts of Medak district. The
report deals mainly with the sub-surface exploration carried out for the proposed tunnel and geotechnical
analysis and interpretation of the rock mass at the tunnel grade and the viability of tunnel alignment. The work
include detailed geological mapping along the proposed tunnel alignment and its appurtenant structures from
Ch.58.55 km to 64.148kmon 1:2000 scale, covering 7.106Lkm, outcrop mapping of 63125m2 and drill core
logging of seventeen holes aggregating to 639.10m. The work has been carried out during FS 2012-13.
The tunnel alignment passes through mainly a pediplain terrain with scattered or clusters of denudational
residual granitic outcrops in the form of sheet rocks. It is in general, covered by overburden material comprising
grey humus silty clay and yellowish to reddish brown sandy clay.

The area lies in Peninsular Gneissic Complex of Archaean age, represented mainly by grey, pink quartzofeldsphathic granites, granite gneisses and migmatites, granodiorite, variants of granites are exposed. Older
metamorphic rock viz., amphibolite/pyroxenite occurs as small enclaves at places. The granitoids are intruded
by sporadic basic dykes such as dolerite/ gabbro dykes and pegmatite/quartz veins. The tunnel alignment from
ch. 58.55 km to 64.148km is mostly covered by 1.0 to 1.5m thick reddish brown sandy soil with scattered
outcrops of grey and pink granite. The tunnel from Ch.58.900 to 59.500km will be passing beneath a perennial
water tank. The boreholes drilled could not retrieve any core in the tank area indicating poor rock mass conditions.
It is opined that tunnelling from Ch. 58.550km to Ch.60.500km will not be feasible. Nevertheless beyond Ch.
60.500km up to the outlet Ch.64.148km fresh, medium to coarse grained, grey and pink granite would form as
the tunnelling medium for the entire length of the tunnel. The granite stratum is intersected by six sets of joints.
The general ground levels vary between 522m and 549m above msl.
The tunnel alignment falls in Seismic zone II as per Seismic Zonation Map of India (IS Code No 1983 (Part I)2002 and Seismotectonic Atlas of India and its Environs – GSI 2000. NNE – SSW and NE – SW trending
lineaments are present towards south of Tupran and Gajwel.
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Based on the detailed geological mapping and analysis of the subsurface data, it is concluded that the tunnelling
is feasible in between Ch. 60.500km to Ch. 64.148km.In the initial reaches i.e., between Ch.58.55 to Ch.
60.500km, owing to the highly weathered nature and very poor rock mass conditions, tunnelling may not be
feasible. An attempt has been made to work out an alternative alignment bypassing the existing MI tank.
However, it is apprehended that the subsurface conditions will be the same as that of the originally proposed
alignment, an aspect which may be verified by means of a few test boreholes, if needed; ultimately open
excavation appears to be the only alternative. In the selected section of the tunnel, coarse grained, grey to pink
granite would form the tunnelling medium throughout the length of proposed tunnel and satisfactory vertical
and lateral rock cover would be available along this alignment. It is expected that the canal excavation would be
in soil and highly weathered granite.
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Prima-facie, it is possible to excavate and construct a tunnel through fresh granite along the proposed alignment.
However, different reaches demand different methods of excavation integrating appropriate support for the
safety of heading and longevity of the tunnel. Assessments of Q values suggest that the full face of the tunnel
can be excavated and it is considered necessary that local and systematic rock bolting in the crown and walls are
required and at places steel fibre reinforced Shotcreting (SFRS) may also be necessary. However, the exact
details of supports can be worked out only at the time of tunnel excavation. It is recommended to determine the
Unconfined Compressive Strength, Tensile Strength, Saturated Density and swelling index of representative
core samples from the tunnel grade. It is recommended to deploy instruments like strain gauges, extensometers,
inclinometers to assess lateral and vertical movement of the rock mass and load extended on the crown and
walls of the tunnel immediately after the excavation.
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Abstract

GNSS is a huge irrigation project, under construction, in phased manner. Gurramgumpu Balancing reservoir is
a part of GNSS, Phase-II, Package 3, includes GNSS Main Canal from Ch. 96.500km to 119.000km, distributary
system, formation of Single Bund Reservoir between Ch. 106.450km and Ch. 108.900km with one sluice as per
the necessity. The earth bund is located near village Gurramgumputanda of C.K. Dinne Mandal of Kadapa
district; about 12km away from Kadapa town.The project contemplates construction of 25.30m high and 2.45km
long earth dam for the formation of Single bund across Gurramgumpu stream to store 0.638 TMC of water near
Kadapa, Andhra Pradesh. The scheme is intended for irrigation and drinking water facility to Kadapa District,
A.P. The geotechnical assessment of the foundation of the earth bund has been carried out during FS 2010-12
and 2012-13.
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The present work includes geotechnical assessment and 3-D geological mapping of cut-off-trench of earth bund
on 1:100 scale between Ch.106.450 and 108.900km, covering 2.45km length of earth bund. The cut-off-trench
foundations of earth dam comprise predominantly thickly to thinly bedded quartzite with subordinate purple
arenaceous shale (thinly bedded/ partings) of Bairenkonda Formation of Nallamalai Group of Cuddapah Super
Group. The quartzite is fine to medium grained, flesh red to reddish brown to greyish white and bedded/
laminated in nature. Bedding (S0) in quartzite trends N2° to3° W-S2° to3° E/ dips 8°-15°towards northeast. Rock
mass is traversed by three sets of prominent joints viz. i) N5° to7° E-S5° to7° W ii) ii) N3° to55° W-S3° to 55° E
and iii)N-S toN2° E-S2° W with vertical to sub vertical dips. The bedding joints trending N2° to3° W-S2° to3° E/
dips 8°-15° towards northeast.
The 2.45km long Cut-off trench was assessed in detail and found satisfactory and acceptable for filling up with
suitable impervious soil and compacted as per design standards only after implementing few suggestions viz.
removal of muck, dislodged rock fragments present at the base in the cut-off trench; clean the base of the cut off
trench thoroughly before filling with the suitable impervious soil; eliminate the pebbly zone (overburden)
present on both upstream and downstream sides of the cut off trench in the earthen embankment for proper
bondage between casing soils and the ground as per standards; further deepening of cut-off-trench at certain
stretches and erecting a grout curtain to ensure the foundations of earth dam water tight. Post grouting permeability
data provided by the project authorities indicated ‘K’ values less than 3 Lugeons, fulfilling the water tight
condition of the foundation strata.
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Abstract
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J. Chokka Rao Devadula Lift Irrigation Scheme (JCRDLIS) envisages lifting 38.16 TMC of water from the
Godavari River near Gangaram (V), Eturinagaram (M), Warangal District to irrigate an area of 6.21 lakh acres
in drought prone areas of Karimnagar, Warangal and Nalgonda Districts of Telangana in a phased manner.
Phase-I: It includes construction of a single MS pipe line of 2.5m diameter with 10 Cumecs discharge to lift
5.18TMC of water for a length of 135km from the River Godavari near Gangaram (V), Eturinagaram (M) to
R.S. Ghanpur (V&M) and improving of existing tanks (Bheemghanpur, Pulkurthy, Dharmasagar and R.S.
Ghanpur) enroute to supply water to drought prone areas of Warangal district, Andhra Pradesh. Phase-II: It
encompasses construction of a single pipe of 3.0m diameter with 14 Cumecs of discharge to lift 7.25TMC of
water from Gangaram and raising/improving of earth bunds at Bheemghanpur, Salivagu, Dharmasagar,
Gandiramaram, Bommakur, R.S.Ghanpur, Ashwaraopally, Chittakodur and Tapaspally covering a length of
220Km. The work is under progress. Phase-III: The balance of 23.81 TMC of JCRDLIS is proposed to be lifted
by means of tunnels/canals instead of M.S. Pipe line from the River Godavari near Gangaram(V), Eturinagaram
(M) to R. S. Ghanpur (17°51":79°23") covering a length of 200Km under this phase. It also includes rising of
new earth bunds and using of existing reservoirs enroute. Tunnel excavation in this phase is under progress.
Some of the salient features are mentioned hereunder:
Length of the pressure tunnel
: 54.88 km
Location of inlet portal
: 18°12’40.23";79°54’27.9"; 56N/16 NE
Location of outlet portal
: 18°00’14.2";79°26’7.29"; 56N/8 SE
Bearing of the tunnel
: N65°E- S65°W.
Shape of tunnel
: ‘D’ Shape
Finished Diameter of tunnel
: 5.6 m
Invert level at inlet
: RL. 187.605m
Invert level at outlet
: RL.163.350m
The area along the tunnel alignment is occupied by rocks belonging to Peninsular Gneissic Complex (PGC)
represented by granites, migmatites and granite gneisses & banded magnetite quartzite/banded haematite quartzite,
granulites belonging to Karimnagar Granulite Terrain of Archaean age with intrusives of dolerites, quartz
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veins, pegmatite and enclaves of older metamorphics and Pakhal Supergroup of rocks (Equivalent of Cuddapah
Supergroup) comprising sandstone / arkose, dolomite/limestone, shale and quartzite of middle to late Proterozoic
age. The Pakhal Supergroup of sedimentary rocks have a general trend of NW-SE and occur as mutually
parallel belts along both the flanks of Pranahita-Godavari Basin. The southwestern belt extends from Khammam
in the southeast to Adilabad in the northwest. The northeastern belt extends from a little north of Bhadrachalam
in the southeast, to a little beyond Chanda (Maharashtra) in the northwest. The Pakhal Supergroup of rocks are
un-metamorphosed, un-fossiliferous and unconformably overlain by Sullavai sandstone. The geological succession
of Western belt of Pranahita –Godavari basin (*After T. Srinivasa Rao, 1987) is as follows:
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Rock Mass classification parameters
SNo. Chainage RQD
Supports given
Jn Jr Ja Jw SRF Q
(Km)
(%)
1
10.33075
4
1
1
1
1
19.0
Unsupported
10.430
Good
2
10.43075
6
1
2 0.66 1
4.2
5 Rock-bolts at
10.500
Fair
crown of
Ch.:10.44010.450km,
Rib-erection
provided for
10m(Ch.:10.45010.460km).
3
10.50080
4
1
1
1
1
20.0
Unsupported
10.530
Good
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1
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10.85011.100
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1
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1

1

12.5
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1

5.6
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2 no of Rock
bolts at crown
of 10.87010.873km,
3 no of rock
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Ch.:11.008km

1
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11.10011.090
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Rib-erection for T-Junction

70

6

1

11.12011.150

70

6

1.5

10

11.15011.190

75

6

1

11

11.19011.260

75

4

12

11.26011.290
11.29011.370

80

4

75

4

11.37011.430

60

4

14

1.5 0.66

1

5.04
Fair

Rib-erection
Water dripping @
done for 11m,
crown of
from Ch.:11.109Ch.:11.110km.
11.120km
1 0.66 2.5 4.5
Rock bolts are
Water dripping @
Fair
provided at
crown of
crown of
Ch.:11.141km.
Ch.:11.134Multiple shear joints
11.139km
occurred with width
of 5cm to 10cm.
2 0.66 1
4.1
14 no of rock
Water dripping @
Fair
bolts provided crown of Ch.:11.160,
for crown at
11.176 & 11.184km.
Ch.:11.16011.170km
2 0.66 1
10.1
Unsupported
Water dripping @
Good
SPL to crown from
Ch.:11.211-11.214km
& Ch.:11.23411.260km
1
1
1
20.0
Unsupported
Dry
Good
1 0.66 1
12.3
Unsupported
Water Dripping @
Good
crown of Ch.:11.35911.360km,
Quartz vein observed
at Ch.:11.308km
& Ch.:11.324km
2 0.66 1
4.9
20 no of rock
Water Dripping @
Fair bolts provided at
SPL to crown of
crown Ch.:11.410Ch.:11.396-11.400km,
- 11.420km
Slab recorded at
Ch.:11.413km both
sides of SPL.
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9

13

Dry,
Shear zone noticed
from Ch.:10.67210.687km (6m)
Dyke is recorded
at Ch.:10.69210.702km
at right wall.
Dyke (4m width)
is recorded at
Ch.:10.86210.890km.

1.5

1

1

1
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1

1

1
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15

Rib-erection
Dry,
done from
Highly crushed
Ch.:11.432and semi-weathered.
11.440km (8m)
Unsupported
Slab at both walls
from Ch.:11.54311545km, Wedge
at left wall from
Ch.:11.577-11.579km.
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Seepage at Air duct
pipe hole at
Ch.:11.598km.
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Dyke with 4m width
is recorded at
Ch.:11.634-11.648km.
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12m (Ch.:11.708- from Ch.:11.69711.720km)
11.714km (6m)
Unsupported
Dry

Chainage:20.450 to 19.927 km.
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23

20.45020.010
20.01019.990

Dry at all places

Dry at all places

Chainage: 23.440. to 23.500 km.

26
27

23.44023.470
23.47023.500

80

4

75

4

1

1

1

1

1

1

1

1

20.0
Good
18.5
Good

Unsupported

Dry,

Unsupported

Dry,

Chainage:23.500 to 24.310 km.

28

23.50023.700

85

4

1

1

1

1

53

21.2
Good

Unsupported

Dry,
Over-break occurred
Ch.:23.500-23.504,
23.522-23.528 &
23.532-23.538km
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23.70023.740

75

4

1

1 0.66

1

12.3
Good

30

23.74023.780

60

6

1

1 0.66

1

6.6
Fair

M
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31

23.78023.890

70

6

1

1

32

23.89023.960

65

6

1

1 0.66 1.5

4.5
Fair

33

23.96024.200

80

4

1

1

20.0
Good

34

24.20024.230

60

6

1

2 0.66 1.5

35

24.23024.280

70

6

36

24.28024.310

65

6

1

1

1

1

11.6
Good

4.4
Fair

Rock bolts
provided

I
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Dry,
Shear zone, a width
of 2 m traced at right
wall Ch.:23.72223.723km, at
left wall Ch.:23.72323.726km
Provided
Water dripping at
Shotcrete for a
right SPL to Crown
length of 12 m at
at Ch.:23.762km
Ch.: 23.57023.762km
Unsupported
Dry,
Pocket is excavated
from Ch.:23.80223.810km
Unsupported
Water Dripping at
Ch.:23.93223.954km
Unsupported,
Dry,
Rock bolts should
Fresh rock,
be provided
drill marks are
for sheet joint
noticed.
occurred at
crown at
Ch.:24.178km.
Unsupported
Water dripping at
Ch.:24.21924.226km,
Heavy seepage at
SPL to Crown at
Ch.:24.208km.
Shotcrete
Fractured zone
provided from
recorded from
Ch.:24.230Ch.:24.23024.278km
24.280km.
Water dripping at
Ch.:24.27424.276km
Unsupported
Crushed and
fractured zone is
observed from
Ch.:24.30224.308km.
Water dripping at
right wall at
Ch.:24.308-24.310km.
Chainage:27.200
to 27.510 km.

1

2 0.66 1.5

5.1
Fair

1

1 0.66 1.5

4.7
Fair
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37

27.19727.340

75

4

1

1 0.66

1

12.3
Good

Unsupported

38

27.34027.370

60

6

1

1

1

10.0
Good

39

27.37027.510

85

4

1

Rock bolts are
provided at
Ch.:27.340km
Unsupported

40

34.92035.030

80

4

41

35.03035.060

75

6

1

1

42

35.06035.200

80

4

1

1 0.66

43

35.20035.440

75

4

44

35.44035.480

80

6

1

21.2
Good
Chainage:34.920 to 35.480 km.
1
1
1
1
20.0
Unsupported
Good
1

1

1

M
O
43.79043.860

80

4

46

43.86043.900

65

6

1

12.5
Good

Rock bolts are
provided at
Ch.:35.05235.054km

1

13.2
Good

Unsupported

Dry

Dry, pegmatitic
zones a width of 4 m
is recorded at
Ch.:34.944 &
34.966km. quartz
infillings with
thickness of
15-25cm are recorded.
Dry,
wedge is observed
at crown of
Ch.:35.039, with
3m width.
Water dripping @
Ch.: 35.087 km,
pegmatitic vein is
recorded with
thickness of 20-30cm
at Ch.: 35.071 km 35.085 km.
Multiple dykes are
recorded at
Ch.: 35.221 km
with thickness of 3 m,
Ch.: 35.233 km with
a thickness of 2m,
Ch.: 35.312 km with
a thickness of 5m,
Ch.: 35.357 km with
a thickness of 3 m.
Pegmatitic zone is
recorded with a
width of 1 m at
Ch.:35.470-35.480 km.
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45

1

Water dripping at
Ch.:27.201, 27.203,
27.209 & 27.295km.
Dry

1

1 0.66 1.5

8.2
Good

Unsupported,
pocket (8m) is
excavated at
Ch.: 35.24635.254 km

1

1

13.3
Good

Unsupported

1

1

Chainage:43.790 to 43.945 km.
1
1
1
1
20.0
Unsupported
Good
1

1 0.66

1

55

7.1
Fair

Unsupported

Dry, Drill marks are
noticed

Water dripping at
Ch.:43.863-43.867km,
Ch.:43.892-43.900km
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43.90043.945

75

4

1

1 0.66

12.3
Good

1

Unsupported

Water dripping at
Ch.:43.922-43.924km

Chainage:44.630 to 45.900 km.
48
49

44.63044.810
44.81044.850

75

4

1

1

1

70

4

1

1 0.66

18.7
Good
11.5
Good

1
1

M
O
44.85045.330

75

4

1

1 0.66

1

51

45.33045.370

70

6

1

1

1

1

52

45.37045.510
45.51045.610

80

4

1

1

1

1

70

4

1

2 0.66

1

54

45.61045.780

75

6

1

1

1

1

55

45.78045.890

80

6

1

1

1

1

56

45.89045.900

53

12.3
Good

Dry

25 no of rock
bolts are
provided at
Ch.: 44.83044.850km
Unsupported.
Pocket is
excavated at
Ch.: 45.03545.042 km
Unsupported

Ware dripping is
noticed at
ch.: 44.83644.840 km.

Ware dripping is
noticed at
Ch.:45.10445.106km., &
ch.:45.124-45.158km
11.6
Dry, shear zones
Good
have been recorded
at Ch.: 45.34245.348km, &
ch.:45.347-45.554 km
20.0 5 no of rock bolts
Dry
Good
are provided.
5.8
Unsupported,
Water dripping at
Fair wedge (4 m) is ch.:45.538-45.540km
formed at left
minor shear joints
wall @ch.:45.544
are noticed.
- 45.548km
12.5
65 no of rock
Dry, Drill marks are
Good
bolts are
noticed, bore hole is
provided from
found at crown
Ch.: 45.640ch.: 45.688 km with
45.770 km
heavy seepage.
13.3
Unsupported Dry, pocket has been
Good
excavated at
ch.:45.872-45.880km
the tunnel for 10 m.
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50

Unsupported

Lining is done at T-junction of

Chainage:45.900 to 46.950 km.

57
58

59

45.90045.910
45.91046.240
46.24046.300

Lining is done at T-junction of the tunnel for 10 m.
80
1
1
1
1
13.3
Unsupported
6
Good
75

6

1

1

1

1

56

12.5
Good

Dry, pocket has been
excavated at
ch.:45.920-45.930 km
15 no of rock Dry, pocket has been
bolts provided
excavated at
at crown of
ch.:46.290-46.298km
ch.: 46.25046.270 km
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46.30046.460
46.46046.510

80

4

1

1

65

4

1

2 0.66

1

62

46.51046.860

85

4

1

1

1

1

21.3
Good

63

46.86046.950

80

4

1

1

1

1

20.0
Good

60
61

1

1

20.0
Good
5.3
Fair

M
O

Unsupported

Dry.

14 no of rock
bolts provided
at crown of
Ch.: 46.47046.490 km
Unsupported

Water dripping
recorded from
ch.:46.470-46.490km.
sheet rock is found at
ch.: 46.490-46.496km
Dry, Pocket has been
excavated at
Ch.:46.760-46.770km.
Damp condition is
noticed.

Unsupported

In continuation of construction stage geotechnical investigations of tunnel between Ramappa Tank to Dharmasagar
tank, 3D geological logging and geotechnical assessment of a parts of tunnel was carried out between Ch.
10330m to 11820m; Ch. 19927m to Ch. 20450; Ch.22440m to Ch. 24310m; Ch. 27197m to 27.510m; Ch.
34920m to Ch. 35480m; Ch. 43790m and Ch. 43945m; Ch.44630m to Ch. 45900m; Ch. 45900m to Ch.
46.950m suggesting relevant support measures to stabilize the tunnel. In general, the geological logged reaches
in the tunnel is mainly excavated through medium to coarse grained grey and pink granite and grey hornblende
biotite granite forming the tunnelling media. The tunnel reach is traversed by three sets of joints and a sub
horizantal joint. They are 1. E-W/vertical, 2.N45°W – S45°E/ 50° SW, 3.N15°E – S15°W/ vertical and 4. Sub
horizantal joint/low dipping joint. In general they are close to moderately closely spaced are places and widely
spaced in most of the reaches, discontinuous to continuous, tight to slightly open, stained to unstained nature.
The excavations are dry to wet condition during course of investigation. In this reach, the rock cover over the
crown of the tunnel is more than 3D of the tunnel diameter.
Rock Mass Characterization

I
SA

On the basis of mapping and visual estimation of the rock mass parameters, tunnel sections manifesting the
same structural elements were clubbed together to estimate the rock mass quality ‘Q’ as per Barton (1974). The
six parameters (RQD, Jn, Jr, Ja, Jw and SRF) required for the rock mass classification were recorded during the
geological mapping and the ‘Q’ was calculated as below:
Q = RQD / Jn × Jr/ Ja × Jw / SRF

The calculated Q values and rock class are mentioned in the following table Major portion of the tunnel falls in
Good class with small sections Fair class rock mass was encountered. Rock mass classification by and large is
being used to facilitate engineers all over the world for designing the support system in any sub-surface opening.
In this project for the safety of the heading, at few vulnerable locations supports in terms of rock bolts/ shotcreting
was provided prior to geological assessment.
Discussion and Suggestions


3D geological mapping and geotechnical assessment of parts of tunnel was carried out between Ch. 10330m
to 11820m; Ch. 19927m to Ch. 20450; Ch.22440m to Ch. 24310m; Ch. 27197m to 27.510m; Ch. 34920m
to Ch.35480m; Ch. 43790m and Ch. 43945m; Ch.44630m to Ch.45900m; Ch. 45900m to Ch. 46.950m
indicated that grey and pink granite intruded by basic dyke, quartz vein and pegmatite veins forms the
tunnelling medium in the mapped reach. The rock mass is traversed by three sets of joints and a random
joint. Among them two sets are mostly aligned more or less perpendicular to the tunnel alignment which is
the feature considered favourable for tunnelling and they are predominantly tight with occasional openings,
rough, irregular to planar, stained to unstained, discontinuous to continuous in nature. At places wedge
formation at few locations is also noticed. At few places, crushed rock mass/closely spaced jointed rock
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encountered with minor dripping/staining surfaces. In general, most of the mapped reaches are the tunnel
exhibits dry condition with occasional dripping zones. As the sheet joints/sub horizontal joints/low dipping
joints are quite common in granitic tunnelling medium leading to the formation of slabbing/flat roof at
crown and same was noticed at places in the tunnel segments due to their disposition with respect to the
tunnel axis. In order to check further deterioration of the crown in these segments, rock bolting may be
provided with localized Shotcreting.


M
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The geotechnical assessment, evaluation and rock mass characterization of tunnelling media for the mapped
reaches have been classified based on Grimstad and Barton, 1993, reproduced from Palmstrom and Broch,
2006 chart for stabilizing the crown and excessive loosening of rock blocks along intersecting joints as an
immediate support after excavation and the tunnelling media categorized as Class B (Good), and C (Fair),
based on the calculated Tunnel Quality Index ‘Q’.
Based on the rock mass characterization, the tunnelling media of the mapped reaches fall under unsupported
condition at majority with rock bolting and shotcrete at places.



As the cover over crown is more than 3 dia of the excavated tunnel in the mapped reaches with stand up
time is more than 6 months without any major rock fall/ collapse of tunnel etc., the supporting measures for
the excavated tunnel for the “Good” reaches, may be provide with random bolts (3.5m long, 25mm dia)
with localized Shotcreting.



In the “Fair” reaches, pattern rock bolts (3.5m long, 25mm dia, 3m spacing) may be provided along with
Shotcreting to protect the crown of the tunnel till the permanent lining is done.



Suggested to provide rib supports for 5m in all directions of the “T” junctions with 1m spacing to accommodate
the loads over the tunnel.



As soon as the full arch is opened, a continuous support (lining) is required for entire width of the chamber.
Hence, it is suggested to provide a continuous PCC lining for the entire tunnel as per BIS Codes.



Contact grouting from spring to crown portion and consolidation grouting for invert portion is also suggested
in staggered fashion with 3m interval after placing PCC lining.



As the tunnel is not having free board (pressure tunnel) the drainage holes are not suggested however,
provide temporary drainage holes at the seeped zones and divert the seepage to the side drains/pipes till the
permanent lining is done.



Instrumentation is also suggested for safety of tunnel and may be installed under strict supervision of the
Chief Engineer of the project.

I
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Geotechnical investigations for tunnel, Tipparam-Chityal Link Canal,
Package-15, Kaleswaram Project
(Dr. B. R. Ambedkar Pranahitha Chevella Sujala Sravanthi scheme),
Medak and Nalgonda Districts, Telangana State
G.J.S. Prasad
Superintending Geologist,
Geological Survey of India, Southern Region, Hyderabad
E-mail: gjsprasad1964@gmail.com
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B.K. Bhandaru

Dy. Director General (Retd.),
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Abstract
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Dr. B. R. Ambedkar Pranahita Chevella Sujala Sravanthi scheme envisages irrigation to 16,40,000 acres spread
over six districts viz., Adilabad, Karimnagar, Nizamabad, Medak, Khammam and Rangareddy of Northern
Telangana region by drawing and lifting 160 TMC water from Pranahita river through tunnels, gravity canals
and pump houses and also providing drinking water to villages and towns enroute. Dr. B.R. Ambedkar Pranahita
Chevella Sujala Sravanthi Lift Irrigation Scheme rechristened as Kaleshwaram Project which is under advanced
progress for supplying the Godavari water to the uplands of seven districts of Telangana State namely
Adilabad, Nirmal, Rajanna Siricilla, Siddipet, Karimnagar, Medak, Jangoan, Warangal, Nalgonda, R.R. District
and Nizamabad Districts by means of 18 packages out of 28 packages. The scheme intended to contemplate
lifting 160 TMC of water in 90 days from (RL+103.00m) Medigedda Barrage on Pranahita River to Gandhamalla
reservoir (+635.00 m) in Nalgonda District for irrigation, drinking and industrial use purpose. Package 15
forms as an integral part of the scheme and is proposed to divert 44.20 Cumecs of water from Tipparam Tank
through 37.03km long Tipparam-Chityal canal and a 1275m long tunnel between Ch. 30.175km and 31.450km
for irrigating 55,000 acres of land in parts of Medak and Nalgonda districts. A ‘D’ shaped pressure tunnel with
4.5m finished diameter between Ch 30.175km to 31.450km along Tipparam - Chityal canal is under excavation
by conventional Drill and Blast method with 5m excavation diameter. The 300mm thick PCC lining is proposed
for entire circumference of the tunnel to achieve the designed discharge.

Geotechnical investigations of tunnel between Ch. 30.175km and 31.450km covering 1275Lm involve 3D
geological mapping and geotechnical assessment for arriving suitable supporting system to stabilise the tunnel.
The tunnel alignment is located at the exposed granitic sheet rock (Dattarapalli Gutta) through which the
proposed water conductor system passes. The area is drained by Kureli vagu and other local streams. The area,
is predominantly a pediplain terrain with scattered or clusters of denudational residual granitic hills, inselbergs,
linear and discontinuous outcrops of basic dykes. Denudational and residual hills are present in the eastern part
and southern part of the area (El+635m). The area is located in Peninsular Gneissic Complex of Archaean age
and the predominant rock types are grey, pink quartzo feldspathic granites, granite gneisses, migmatites,
granodiorite, variants of granites. Older metamorphic rock viz., amphibolite/pyroxenite occurs as small enclaves,
at places. The granitoids are intruded by occasional basic dykes such as dolerite/ gabbro and pegmatite/quartz
veins. The tunnel alignment falls in Seismic zone II as per Seismic Zonation Map of India (IS Code No 1983
(Part I)-2002 and Seismotectonic Atlas of India and its Environs – GSI 2000. NNE – SSW, NE – SW trending
lineaments are present towards south of Tupran and Gajwel. The proposed tunnel located between Ch. 30.175km
and 31.450km, situated at Dattarapalli hill range and widely spreads out contours at higher elevation indicate
that the area is flat, occupied by sheet rock. All along the tunnel alignment, huge outcrops/ sheet rock of grey
and pink granite with occasional pegmatite bands/veins, enclaves of older metamorphics are distinctly exposed.
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Exfoliation/Sheet joints are quite common in granitic clan of rocks and they are distinct at higher elevation at
places.

M
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Geologically the tunnelling medium is fresh and hard, competent, medium to coarse grained grey and pink
biotite granite traversed by pegmatite and quartz veins. Enclaves of older metamorphics are also recorded at
places. In general, the granite is intersected mostly by two sets of joints and random joint. The prominent joints
recorded are: E–W/v; E-W/25°-30°N; N-S/v; N80°W-S80°E/15°N10°E; N45o-50oW–S45°-50°E/v and sheet
joints. They are, in general, rough, irregular, planar, unaltered surface, tight, widely spaced continuous to
discontinuous in nature. Dripping was noted at Ch. 31.215km, Ch. 31.326km, Ch. 31.365km between spring
and crown portions and rest of the mapped reaches are in dry condition. Flat roof is observed between Ch.
31.363 and 31.365 and the project authorities already provided random bolts at crown portion with 3m long,
25mm diameter fully grouted resin capsule pre-tensioned rock bolts are using for protecting the crown. From the
outlet, between Ch. 31.450km and 31.445km, the project authorities have already installed ‘I’ sections with
0.75m spacing to protect the crown portion of the tunnel to facilitate progressive tunnelling. Majority of
discontinuities are trending askew to the tunnel alignment which is favourable for tunnel stability. The cover
above the crown is more than 3 diameter of the excavated section of tunnel.
Rock Mass Characterization

Based on the geological inputs from the 3-D geological logging, it was attempted to assess the Tunnel Quality
Index (Q) (Grimstad and Barton, 1993, reproduced from Palmstrom and Broch, 2006) for different reaches of
tunnel for arriving at immediate supporting measures to stabilize the crown portion of the excavated tunnel. The
estimated Tunnel Quality Index (Q) of the mapped reaches of tunnel is mentioned in the following tables.
Inlet portal -Ch. 30.175km to 30.180km

Description
75%
2 sets + random (2 X Jn)*
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
70
12
1.5
1.0
1.0
1.0
8.74
Fair-class C rock
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Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Note: *The joints sets are multiplied by 2 in estimation of Q for portals.

Reach from Ch. 30.180km to 30.290km:
Factors
Description
Rock quality Designation(RQD)
80%
Joint set number(Jn)
2 sets + random
Joint roughness number(Jr)
Rough, irregular, planar
Joint alteration number(Ja)
Unaltered joint walls, surface staining only
Joint water reduction(Jw)
Dry excavation or minor inflow (<5litres/min)
Stress Reduction factor (SRF)
Medium stress
Tunnel Quality Index (Q)
(RQD/Jn) (Jr/Ja)(Jw/SRF)
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Value
80
12
1.5
1.0
1.0
1.0
10
Good-class B rock
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Reach from Ch. 30.290km to 30.445km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
75%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

M
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Value
75
6
1.5
1.0
1.0
1.0
18.75
Good-class B rock

Reach from Ch. 30.445km to Ch.30.650km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
80%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
95
6
1.5
1.0
1.0
1.0
23.7
Good-class B rock

Reach from Ch. 30.650km to Ch.30.745km:

Description
60%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
60
6
1.5
1.0
1.0
1.0
15
Good-Class B rock
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Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Reach from Ch. 30.745km to Ch.30.965km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
80%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

61

Value
95
6
1.5
1.0
1.0
1.0
23.7
Good-class B rock
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Reach from Ch. 30.965km to Ch.31.050km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
75%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

M
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Value
75
6
1.5
1.0
1.0
1.0
18.75
Good-class B rock

Reach - From Ch. 31.050km to 31.210km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
95%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
95
6
1.5
1.0
1.0
1.0
23.7
Good-class B rock

Reach - From Ch. 31.210km to Ch. 31.305km:

Description
90%
3 sets
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
95
9
1.5
1.0
1.0
1.0
15.8
Good-class B rock
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Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Reach - From Ch. 31.305km to 31. 370km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
80%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

62

Value
80
12
1.5
1.0
1.0
1.0
10
Good-class B rock
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Reach - From Ch. 31. 370km to 31.445km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
75%
2 sets + random
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)
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Value
75
6
1.5
1.0
1.0
1.0
18.75
Good-class B rock

Outlet portal- Ch. 31.445km to31.450km:
Factors
Rock quality Designation(RQD)
Joint set number(Jn)
Joint roughness number(Jr)
Joint alteration number(Ja)
Joint water reduction(Jw)
Stress Reduction factor (SRF)
Tunnel Quality Index (Q)

Description
75%
2 sets + random (2 X Jn)*
Rough, irregular, planar
Unaltered joint walls, surface staining only
Dry excavation or minor inflow (<5litres/min)
Medium stress
(RQD/Jn) (Jr/Ja)(Jw/SRF)

Value
75
12
1.5
1.0
1.0
1.0
9.37
Fair-class C rock

Note: *The joints sets are multiplied by 2 in estimation of Q for portals.
As per Q, the tunnelling medium fall under Fair category for the initial five meter reach from exit portal and the
remaining reach falls in Good category, Class B rock. The estimated ‘Q’ utilized in deriving the support
measures for protection of the crown of the tunnel during excavation from Barton’s “Q” Chart as given below.
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Discussion and Suggestions
Fresh, hard and compact grey and pink granites traversed by pegmatite/quartz veins with dykes form the
tunnelling medium. The rock mass at tunnel grade , in general, is dissected with two sets plus random
joint, which are predominantly tight with occasional openings, rough, irregular to planar, stained to
unstained, discontinuous to continuous in nature. Sheet joints and sub horizontal joints are quite common
in granites. Majority of the discontinuities are traversing askew to the tunnel alignment.



The geotechnical assessment, evaluation and rock mass characterization of tunnelling media have been
classified based on Grimstad and Barton, 1993, reproduced from Palmstrom and Broch, 2006 chart. For
stabilizing the crown and excessive loosening of rock blocks along intersecting joints, as an immediate
support after excavation, the tunnelling media was categorized as Class B (Good), and C (Fair) based on
the Tunnel Quality Index ‘Q’. The tunnel is falling under small diameter tunnels and based on the rock
mass characterization, the tunnelling media fall under unsupported span in general.
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The cover over crown is more than 3 dia of the excavated tunnel in the mapped reaches with stand up time
is more than 5 months without any major rock fall/ collapse of tunnel.



The supporting measures in tunnel may be provided as per the approved design specifications for the
Good and Fair reaches or as per any standard codes.



It is suggested to provide fully grouted resin capsule pre-tensioned rock bolts for better performance.



A continuous support (lining) is required for entire width of the chamber. It is suggested to provide a
continuous CC lining for the entire tunnel as soon as the full arch is opened. It is also suggested for 5.5m
from both the portals towards tunnel sides to provide RCC lining as per design specifications.



It is suggested to calculate the total loads over the tunnel before providing the lining.



Contact grouting from spring to crown portion and consolidation grouting for invert portion is also
suggested in staggered fashion with 3m interval prior to lining.
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(Dr. B. R. Ambedkar Pranahita Chevella Sujala Sravanthi Lift
Irrigation Scheme), Rajanna Siricilla district, Telangana
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Superintending Geologist
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Abstract

Dr. B. R. Ambedkar Pranahita Chevella Sujala Sravanthi scheme envisages irrigation to 16,40,000 acres spread
over six districts viz., Adilabad, Karimnagar, Nizamabad, Medak, Khammam and Rangareddy of Northern
Telangana region by drawing and lifting 160 TMC water from Pranahita river through tunnels, gravity canals
and pump houses and also providing drinking water to villages and towns enroute.
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Dr. B.R. Ambedkar Pranahita Chevella Sujala Sravanthi Lift Irrigation Scheme rechristened as Kaleshwaram
Project which is under advanced progress for supplying the Godavari water to the uplands of seven districts
of Telangana State namely Adilabad, Nirmal, Rajanna Siricilla, Siddipet, Karimnagar, Medak, Jangoan, Warangal,
Nalgonda, R.R. District and Nizamabad Districts by means of 18 packages out of 28 packages. The scheme
intended to contemplate lifting 160 TMC of water in 90 days from (RL+103.00m) Medigedda Barrage on
Pranahita River to Gandhamalla reservoir (+635.00 m) in Nalgonda District for irrigation, drinking and industrial
use purpose. The Scheme involves tunnel, pumping house complexes, gravity channels and balancing reservoirs
to fulfill the design water supply for and ayacut of 16.4 lakhs. The package-9 comprising tunnel, underground
pump house complex and Malakpet reservoir involving lifting of 6 TMC of water from the foreshore of MidManair project, Karimnagar district.As an integral part of the scheme, the water will be lifted from the MidManair (FRL +318m) to Malakpet reservoir(FRL+421m) by means of2.5 km long approach channel with 100m
rampportion andby a 12.035km long, 5m finished diameter D-shaped tunnel between Ch. 2.6km and Ch.
14.635km to cater the water facility to nearest villages in Malakpet (M), Rajanna Siricilla District, Telangana.

The geotechnical investigation of parts of the tunnelinvolves3-D geological mapping, geotechnical assessment
of excavated tunnel. The area is an undulating topography with highly elevated region in the western part of the
area (Max El+1160m) and the eastern part of the area represents a vast pediment with isolated hills. The area is
drained streams/nalas in dendritic to sub-dendritic drainage system.The area, in and around the tunnel and its
appurtenant structures is occupied by and exposed a variety of granites, gneisses e.g. light grey and pink
granites of Peninsular Gneissic Complex of Archaean age. They are intruded by a network of quartz and
pegmatite veins. The granites are also traversed by a swarm of basic dykes trending NW-SE, NE-SW and E-W.
Regionally this area is falls under Seismic Zone-II as per the Seismic Zonation Map of India, BIS code no 1983
(Part-I) - 2002.

The tunnel is excavated through grey to pink, Leuco granite, hard, fresh, and medium to coarse grained porphyritic
granites. The country rock mass is also has enclaves of older metamorphics, intrusions of dolerite dykes. The
rock mass is traversed by four sets of prominent joints with vertical to sub vertical dips viz. i) N10° W- S10°E
to N-S/V, 2. N60° E- S60°W/V; 3.N80°E- S80°W to E-W/Vertical to SV; 5. N30°- 35° W - S30- 35° E/
Vertical. Besides vertical joints, other important dipping joints are 10°-20°/ S50° to 80°E, 60°-75°/ N40° to
60°E and 60°-70°/ S60° to 70° W. The joints in general, are moderately to widely spaced, discontinuous, planar
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to irregular, rough, tight to slightly open in nature. Pegmatite bands/ quartz veins occurred as criss-cross veins at
places. On the basis of geological mapping and visual evaluation of the rock mass parameters, tunnel sections
manifesting the same structural elements were clubbed together to estimate the rock mass quality ‘Q’ as per
Barton (1974). The estimated ‘Q’ values and rock class are furnished in the following table for arriving supporting
system.
Chainage(m)
From
To

Length RDQ
(m)

8794
8860
8890
8980
9000
9170
9340
9500
9550
9600
9625
9742
9780
9940
9975
10070
10100
10150
10615
10645
10700
10775
10875
10915
11260
11428
11500

119
66
30
90
20
170
170
160
50
50
25
117
38
160
35
95
30
50
98
30
55
75
100
40
345
168
72

70
80
80
80
80
80
75
70
70
40
50
60
70
75
70
70
60
50
80
80
80
60
75
70
65
70
75

11500

11750

250

80

Jr

Ja

Jw

SRF

Rcok Mass
Quality
“Q”

Category of
Rock

12
6
9
6
9
6
9
15
15
15
15
12
9
9
9
9
12
15
6
6
6
6
6
9
9
12
6

1.5
1
1.5
1
1.5
1
1
1.5
1.5
1
1.5
1
1
1
1.5
1
1.5
1.5
1
1
1
1
1
1
1
1.5
1

2
2
3
2
3
1
1
2
3
4
3
2
1
1
3
3
3
3
1
1
1
1
1
1
1
2
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

4.38
6.67
4.44
6.67
4.44
13.33
8.33
3.50
2.33
0.67
1.67
2.50
7.78
8.33
3.89
2.59
2.50
1.67
13.33
13.33
13.33
10.00
12.50
7.78
7.22
4.38
12.50

Fair
Fair
Fair
Fair
Fair
Good
Fair
Poor
Poor
Very Poor
Poor
Poor
Fair
Fair
Poor
Poor
Poor
Poor
Good
Good
Good
Fair
Good
Fair
Fair
Fair
Good

6

1

1

1

1

13.33

Good
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8675
8794
8860
8890
8980
9000
9170
9340
9500
9550
9600
9625
9742
9780
9940
9975
10070
10100
10575
10615
10645
10700
10775
10875
10915
11260
11428

Jn
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The geological inputs from 3D logging of the parts of the tunnel indicated that grey and pink granite intruded by
basic dyke, quartz vein and pegmatite veins forms the tunnelling medium in the mapped reach. The rock mass is
traversed by four sets of joints. Among them two sets are mostly aligned more or less perpendicular to the tunnel
alignment which is the feature considered favourable for tunnelling. The shear zones present along the sub
horizontal low dipping joints which are a feature considered as fairly favourable however there is no major
intensity of shearing. Most of the tunnelling medium in the mapped reach exhibits dry condition except few
locations where dripping is present. The cover over the crown of tunnel is more than 3D of the excavated dia is
also indicate the favourability for stability/ longevity of the tunnel.
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Based on the geological inputs from 3-D geological logging of tunnel in the reach between Ch. 8675m
and 10150m; Ch. 10575m and Ch. 11750m the tunnelling medium comprising medium to coarse grained
pink, grey granite with intrusive quartz and pegmatite veins. The rock mass exposed in tunnel is traversed
by four sets of joints mostly cutting across the tunnel alignment which is considered as favourable for
tunnelling.



The estimated Tunnelling Quality Index ‘Q’ and Rock class of the tunnelling medium was classified as
“Good””Fair” and “Poor” categories.



Rock bolts/shotcrete was provided at specific locations immediately where the slabbing/wedge formation
occurs during excavation to stabilize the rock mass for the safety of the heading.

M
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The reach of the tunnel that falls under ‘Good’ category requires spot bolts (4m long, 25mm dia) may
provided wherever necessary.



The reach where the rock mass falls under ‘Fair’ category pattern bolts (4m long, 25mm dia, 3m spacing)
are to be provided.



The reach where the rock mass falls under ‘Poor’ category steel ribs/ three bar girders along with shotcrete
are to be provided.



The aforesaid suggestions are to be implemented only after scaling the excavated tunnel.



It is also suggested to estimate total vertical loads over the tunnel for the safe designing of supports and
lining of the tunnel.



It is suggested to provide continuous lining as per BIS norms for the entire circumference of the excavated
tunnel.



Contact grouting is also recommended to provide the space available between the lining and rock mass of
the tunnelling medium.



Consolidation grouting is also recommended to provide for the invert portion to avoid heaves.



It is recommended to provide drainage holes of 75mm with filter in the free board area.
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The Polavaram IrrigationProject (PIP) is located on the River Godavari near Ramayyapeta village (17°15’:81°39’;
TS No.65 G/11), Polavaram Mandal, West Godavari District, Andhra Pradesh. The project envisages formation
of reservoir across the River Godavari with a live storage capacity of 75.20 TMC. The projectcontemplates
construction of:
An earth cum rock fill dam (Gap-II between g- hill and g’-hill) of length 2310m across the River
Godavari.



An earth dam (Gap-I between g’ hill and d-hill) of length 565m.



An earth dam (Gap-III saddle between b’ hill and g hill) of length 140m.



A gated spillway (between a’ hill and b’ hill) of length 1054.50 m on right side to discharge 36 lakhs
Cusecs.



A surface power house (d- hill) on left flank to generate 960 MW (12 X 80MW).



Right Connectivities from main reservoir include-P- Regulator, E-Saddle dam, Twin tunnels (Pckage64), F-Saddle dam, Twin tunnels (Pckage-63), Bund-1 & 2 at Thotagondi, Off Take Regulator to right
main canal upto Krishna Dist., and Andhra Pradesh.



Left Connectivities from main reservoir include- Approach Channel from Gonduru, Head regulator,
Navigation Tunnel , Navigation canal with lock 1 & 2 and Irrigation tunnel , canal, K-L Saddle dam,
O-T Regulator to Left main canal upto Visakhapatnam Dist. AP.



The right and left Connectivities are having a design discharge of 20,000 Cusecs.
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As an integral part of the project, the project authorities proposed to construct a 1054.40m long 48 radial gated
spillway between a’ and b’ hills to discharge 36 lakhs cusecs water. The spillway location is situated between a’
and b’ hills (17°16’55": 81°38’40"; 65G/11) in the right flank.
The geotechnical investigations involves geological mappingof foundations and geotechnical assessment of
spillway for suitability for the construction of proposed structure and also appraisal of necessary treatment
measures for the excavated foundations to become monolithic and seepage if any from u/s to d/s for finalizing
the foundation grade rock for laying leveling course. The following are some of the salient features furnished
by the project authorities are as follows:
Length of the Spillway
Full Reservoir level
Crest level
Coefficient of discharge
Number of gates (vents)
Size of vents
Max. Flood discharge
Probable max flood

:
:
:
:
:
:
:
:

1054.40m
+ 45.72 m
+25.72 m
2.056
48 radial gates.
16m X 20m
36 lakhs cusecs
50 lakhs cusecs

Max. tail water level
Road level
Stilling basin floor level
Trunnion level
Flood disposal level
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+31.660m
+54.00m
+.5.40m
+36.60m
+ 44.20(50lakh cusecs)
&
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The project area lies in Godavari river drainage basin and
the river course, in a few miles stretch upstream of
Bhadrachalam is generally, flow southerly. Afterwards, the
river takes an abrupt East-South-easterly swing and continues
its course upto the confluence of river Sabari. After this the
river enters the Eastern Ghats near Jidiguppa and emerges
out of the ghat section near Devipatnam from where it takes
southerly course a general. It is significant that the river cuts
across the prominent NE-SW trend of rocks constituting the
Eastern Ghats. Also, the river course has a few loops and
bends in these hill ranges. Generally the bed rock appears to
the much deeper from the present mean sea level, along the
course of the river upto Kondrukota. The minimum bed rock
level so far known in the river course is about–10m in spill
way location with 30 to 40m thick alluvial cover. There Areal view of the Polavaram Irrigations Project
appears to be local depressions in the bed rock which were “Plunge pools formed during the youthful stage of
the river”. The presence of saddles on the banks of river filled up with thick clayey silt. The area is predominantly
occupied by scattered or clusters of denudational residual ENE-WSW trending hill ranges with intermittent
valleys in between as denudational and residual hills.

I
SA

The rocks exposed in the area belonging to Khondalite suite, trending in ENE-WSW direction, of Eastern Ghat
Mobile belt of Archaean age. The prominent rock types in the area are garnetiferous quartzo-feldspathic gneiss,
garnet biotite gneiss, charnockite and migmatite gneiss. The rocks are slightly weathered to fresh, hard and
competent in nature. The general foliation trends in N60Ú to 70ÚE – S60Ú to 70ÚW direction with sub vertical
to vertical dips. The rock mass is intersected by two prominent and one set of random joints. In general , the
proposed spillway axis aligned in N74°W-S74°E direction and the saddle portion between a’ and b’ hills is
occupied by flood plain back swamp deposits of black silty alluvium/clays extend from Ch. 450m to 750m
along the spillway axis. This back swamp area extends of about 4km from North of Paidipaka in the u/s to south
of Ramayyapeta on d/s. The thickness of this alluvium is about 15m to 16m in the central portion of the saddle
and tapers along the flank on either side.
Geotechnical Assessment of Foundations of Spillway:
Block No. 2,3, 4, and 5(Ch. -2.5m and Ch.79m):

The rocks exposed at the foundation grade of the body wall portion including u/s portion and stilling basin
portions of spillway are fairly fresh to fresh, hard, and vertical to sub vertically foliated garnetiferous quartzofeldspathic gneiss with occasional lensoidal bodies of charnockite and pegmatite veins (plate-III). The foliation
trends in N55° to 65°E – S55° to 65°W direction with sub vertical to vertical dips. In the block no 2, the
excavated foundation levels vary from RL +8.25m to RL +9.907m in the body wall and the same varying from
RL+3.900m to +4.75m in the stilling basin portions. The excavations with varying levels ranging from +9.010m
to +10.09m in the body wall of block no-03 and vary from RL+3.890m to +4.65m in the stilling basin. The
same vary from RL +8.882m to +10.135m in the body wall and from RL+3.890m to +4.95m in stilling basin of
block no-04. In the body wall portion of block no. 05m the foundation levels ranging from RL+7.425m to
RL+10.145m and the same vary from RL+3.400m to +4.75m in stilling basin. The foliated quartzo feldspathic
gneissic rock mass at the foundations grade is traversed by two prominent sets of joints apart from foliation
joint and a sub horizontal joint. The prominent joints recorded are 1.N25-30º W to S25-30°E/ SV to vertical
dips, 2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips and 3. N80°W to E-W/ vertical dip. The joints
are in general tight to slightly open, moderately close to widely spaced, continuous to discontinue in nature. A
vertically dipping N80°W to E-W trending with 50cm wide linear shear zone is exposed and passes near parallel
to spillway axis between Ch. -2.5m/17m and Ch.13.5/18.5m in the block-02 and further extends d/s side in the
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block 03, 04 and 05and taper at higher elevation in the left NOF Block-01. The shearing effect is mainly due to
the presence of pegmatite vein which was intruded into country rock. The gougy/weathered soft materiel is
present all along the pegmatite vein and country rock. Seepage on minor scale is also observed along the sub
horizontal joints. In the body wall portion of block- 05, the rock mass is traversed by between Ch. 71m.-4.5m
and 75m/-4.5 and extending further d/s side upto Ch.71/32m a set of sub horizontal joints having trend of
N10°E-S10°W/15° to 20° toward NW i.e. right flak side of the dam. A vertically dipping N65°E - S65°W
trending with 5cm to 7m wide linear weathered seam/shear zone is exposed at Ch. 13.5/23.5m extends upto
29.5/35m in the stilling basin of block no. 3. Similar shear zone for about 5cm to 8cm wide were recorded
between Ch. 56.5m/79 and Ch. 62.5m/68.5m in the stilling basin of block no.5. Another seam/zone for about
5cm wide linier one is also noticed at Ch. 111m/120.5m.
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Block No. 6, 7, 8, 9 (Ch. 79m to Ch.169m):
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The foundation levels vary from RL+9.689m to RL +10.07m in body wall (block no-06); RL +9.33m to RL
+10.08m in the body wall (block no-07) and RL +8.800m to RL +9.855m and the vary from +8.600m to 9.9905
in block no.9. The foundation grade of the body wall portions including u/s portion and stilling basin portion of
spillway block-06 to 09 are exposed by fairly fresh to fresh, hard, and vertical to sub vertically foliated garnetiferous
quartzo-feldspathic gneiss with lensoidal bodies of charnockite.The excavated levels are varying from RL+3.800m
to +4.75m in the stilling basin of block 6, RL+3.220m to RL +4.700m in the stilling basin of block 7, RL+3.120m
to +4.66m in the stilling basin of block 8, RL+3.700m to RL +4.720m in the stilling basin of block 9.The rock
mass at the foundation grade is traversed by two prominent sets of joints apart from foliation joint and a sub
horizontal joint resulting uneven rugged surface. The prominent joints recorded are 1.N25-30º W to S25-30°E/
SV to vertical dips, 2. N50ºto 60ºE to S50º- 60ºW/vertical to sub vertical dips and 3. E-W/vertical dips exhibiting
tight to slightly open, moderately close to widely spaced, continuous to discontinue in nature. A set of sub
horizontal joints having trend of N10°E-S10°W/15° to 20° toward SW i.e. right flak side of the dam. A
vertically dipping N-50 to 70°E to S50 to 70°W trending with 10cm to 30cm wide five numbers of linear shear
zones/weathered seam are encountered and aligned in general foliation trend of country rock between Ch.-6m/
135m(Block -08) and Ch.169/22.5m( block-09)and further extends d/s side in the juxtaposed blocks. A vertically
dipping N65°E - S65°W trending with 5cm to 10m wide linear shear zone is exposed at ch. 79m/136m in the
stilling basin from block no. 6 to Block no.8. A similar shear zone for about 5cm to15cm wide was also
recorded between Ch. 103.5m/140m in the stilling basin from block no. 7 and Block no.8. Another shear zone
trending N65°E - S65°W at Ch 142/183 in stilling basin of block 8, 9 and 10 was recorded and also extending
nearby blocks. The shearing effect is mainly due to the presence of pegmatite vein intrusion into country
rock.The gougy/weathered soft materiel is present along the pegmatite vein and country rock.
Block No. 10 to 12(Ch.169m to Ch.236m):

In the foundation grade rack at the body wall portions including u/s portion and stilling basin of spillway blocks
10 to 12 are exposed by fairly fresh to fresh, hard, and vertical to sub vertically foliated garnetiferousquartzofeldspathic gneiss with migmatite lenses and pegmatite venation. The general foliation trends in N55Ú to 65ÚE
– S55Ú to 65ÚW direction with sub vertical to vertical dips. The foundation levels are attained the mandatory
levels which are vary from RL +8.89m to RL +10.40m in body wall (block no-10); RL +8.200m toRL +10.09m
in the body wall (block no-11) and RL +9.170m to RL +10.05m. In the stilling basin area, the foundation levels
ranging from RL+3.300m to +4.720m( block 10); RL+3.895m to +4.710m (block 11), RL+3.845m to +4.750m
(block 12). The rock mass at the foundation is traversed by 1.N25-30º W to S25-30°E/SV to vertical dips, 2.
N55ºto 65ºE to S55º- 65ºW/vertical to sub vertical dips and 3. E-W/vertical dips and nature of joints exhibit
tight to slightly open, moderately close to widely spaced, continuous to discontinue in nature. A vertically
dipping N65°E - S65°W trending with 30cm to 50m wide linear shear zone is exposed at ch. -4m/164m and
further extends upto 22/187m in the block no. 10. A N75°E – S75°W trending pegmatite vein of about 10cm
wide is noticed at Ch. -6/182m extending upto 4/187m in the block no.10. A N50°E – S50°W trending a linear
shear zone/closely spaced jointed system along the foliation direction is also recorded at ch.4/168m extending
uptoch. 22/177m in block no.10.
70

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Block No.13 to 17, (Ch. 236.5m to Ch.346m):
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The rocks exposed at the foundation grade of the body wall portion including u/s portion of the axis of the
spillway block-13 to block no17 are fairly fresh to fresh, hard, and vertical to sub vertically foliated garnetiferous
quartzo-feldspathic gneiss with occasional lensoidal bodies of charnockite and pegmatite veins. The general
foliation trends in N55Ú to 65ÚE – S55Ú to 65ÚW direction with sub vertical to vertical dips. The excavated
levels in the block no.13 are varying from +8.945m to +10.020m. The foundations levels vary in the block no.
14 from +8.500m to +10.050m whereas the same ranging from +8.520m to +10.010m in block no.15. The
excavated in the block no 16 vary from +9.385m to +9.990m and the same in the block no. 17 ranging from
+8.990m to +9.9920m. In the stilling basin area, the excavated levels are from RL+3.820m and +4.750 (block
no.13); RL+3.800m and +4.700m(block no.14); RL+3.798m and +4.690m(block no.15); RL+3.802m and
+4.805m(block no.16); RL+3.779m and +4.800(block no.17). The foliated quartzo feldspathic gneissic rock
mass is traversed by two prominent sets of joints apart from foliation joint and a sub horizontal joint and the
prominent joints recorded are 1.N25-30º W to S25-30°E/ SV to vertical dips, 2. N55ºto 65ºE to S55º- 65ºW/
vertical to sub vertical dips. The joints are in general tight to slightly open, moderately close to widely spaced,
continuous to discontinue in nature. A vertically dipping N75°W – S75°E trending with 10 to 15cm wide
vertically dipping linear shear zone is exposed at Ch. 12/218m (block No.12) further extends upto -4/250m
(block no.13).Another is exposed at Ch. -6/191.5m extends upto 14/211.5m.An E-W trending pegmatite vein is
noticed at Ch. 20/236.5m extending upto Ch. 19/281.5 in the block no. 14. A closely space jointed pegmatite
body is present between Ch. 226/6 and 226m/12m and is extending nearby block no. 13. The crushing zone is
mainly due intrusionof pegmatite vein into gneissic country.A N80°E to E-W trendingpegmatite vein of about
10cm wide is exposed in the block .15 (22/285.5m) and extend in N75°E direction towards block no. 16(18/
303m) further swing in N80°E direction towards nearby block no. 17(22/333.5m). A very thin linear shear zone
(N50°E – S50°W) in the block no. 15(-4/288.5 extends upto 22/303m). A similar shear zone of about 10cm
wide trending in N80°E-S80°W direction at Ch. -4/315m extending d/s upto 22/321m in the block no.16. A
20cm to 30m wide N15°W-S10° E vertically dipping pegmatite vein traversing the foundations in block no-17
at ch. 2/333m extending upto Ch.18/328m. A vertically dipping N55°E –S55°W trending of about 70cm wide
linear shear zone is exposed at ch. 28/324.5m extending upto 24/354 with sheared contact with the country rock.
The gougy/weathered soft materiel is present along the pegmatite vein and country rock. The foundations are
dry during course of investigations.
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Block No. 18, 19 and 20(Ch.346.0m to 410.5m):

The rocks exposed at the foundation grade of the body wall portion including u/s portion of spillway blocks
(Sloped foundation) are slightly weathered to fresh, garnetiferous quartzo feldspathic gneiss. The excavated
levels vary from +7.405m to 9.810m in the body wall portion of block 18 and the same vary from + 1.515m in
the slope portion to +9.600m. In the block no-20, the excavated levels are varying from -9.05m to –9.25m.
The rock mass at foundation grade is traversed by two prominent sets of joints, a random joint and sub horizontal
joint resulting rugged surface. The prominent joints recorded are 1.N25-30º W to S25-30°E/ SV to vertical dips,
2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips and N80°E to E-W/vertical dips. The joints are in
general tight to slightly open, moderately close to widely spaced, continuous to discontinue in nature. A vertically
dipping N10° to 20°E to S10° to 10°W trending with 10cm to 30cm wide linear pegmatite veins with sheared
contact with the country rock is encountered between Ch. 374.0/+7.0m/127.1 and Ch.382.0/-34.9m and extending
further d/s of the stilling basin. A vertically dipping N30°W to S30°E trending with 10cm to 20 cm wide
vertically dipping pegmatite vein with slightly weathered contact with country rock mass is encountered between
Ch. 367.5/-34.9m to 375.0/-7.9m. A vertically dipping N40°W to S40°E trending with 10cm to 20 cm wide
vertically dipping pegmatite vein with slightly weathered contact with country rock mass is encountered between
Ch. 377.0/-4.5m to 387.5/+8.0m. A 65° u/s dipping having a trend of N40°E to S40°W for about 10cm to 20
cm width between Ch. 356.0/-21.5m to 389.0/+7.0m. A vertically dipping N80°E to S80°W trending with
20cm to 30 cm wide vertically dipping pegmatite vein with slightly weathered contact with country rock mass is
encountered between Ch. 367.0/+5.0m to 389.0/-13m. A vertically dipping N80°E to S80°W trending with
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20cm to 40 cm wide vertically dipping pegmatite vein with slightly weathered contact with country rock mass is
encountered between Ch. 356.0/+5.0m to 3389.0/-15.5m. A vertically dipping N60°E to S60°W trending with
10 mm wide vertically dipping pegmatite vein with slightly weathered contact with country rock mass is
encountered between Ch. 346.0/+2.0 to 389.0/-12.9m. A vertically dipping N70°W to S70°E trending with
50cm to 150 cm wide vertically dipping pegmatite vein with slightly weathered contact with country rock mass
is encountered between Ch. 346.0/-23.0m to 389.0/-21.5m. The foundations are dry in condition during course
of investigation.
Block No. 21,22, 23, 24 and 25, (Ch. 410.5m to 518m):
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The rocks exposed at the foundation grade of the body wall portion including u/s portion of spillway blocks 21
are slightly weathered to fresh, garnetiferous quartzo feldspathic gneiss with patches of charnockite. The excavated
levels vary from -9.485m to -9.145m in the body wall block no. 20. The excavated levels vary from +9.105m to
+9.525m in the body wall of block 22; the same vary from -9.350m to -9.145m in block 23. The foundations
levels in the block 24 ranging from -9.455m to -9.125m whereas the same vary from -9.485m to 9.145m in the
block 25.The rock mass at foundation grade is traversed by two prominent sets of joints, a random joint and sub
horizontal joint. The prominent joints recorded are 1.N25-30º W to S25-30°E/ SV to vertical dips, 2. N55º to
65ºE to S55º- 65ºW/vertical to sub vertical dips and N80°E to E-W/vertical dips. The joints are in general tight
to slightly open, moderately close to widely spaced, continuous to discontinue in nature. The foundations are
dry in condition during course of investigations. A vertically dipping N10° to 15°W to S10° to 15°E trending
with 10cm to 30cm wide closely spaced jointed system is present between Ch. 491/48m and 518/16m with
sheared contact to the country rock in the block no. 24 and 25 . Another 5 to 7cm wide vertically dipping shear
zone having a trend of N60°E-S60°W is present between Ch. 512.5/48m and 496.5m/26m in the blocks 25 with
some sort of crushed material along the shear zone. The foundations are dry in condition during course of
investigations.
Block No. 26(518m to 546.4m); blocks No. 27(Ch.546.9 and 567.9m), blocks 28, 29, 30, 31(part) (Ch.567.9
and 640.4m):
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The rocks exposed at the foundation grade of the body wall portion including u/s portion of the axis and pit area
location of the spillway blocks are fairly fresh to fresh, garnetiferous quartzo feldspathic gneiss andcharnockite
and pegmatite veins. The charnockite body is aligned in general foliation trend of Eastern Ghats Mobile Belt in
N65ÚE – SÚ65ÚW direction with sub vertical to vertical dips. The excavated levels in the block no.26 vary
from -19.00m to -21.165m. The excavated levels in the block no.28 are varying from -21.03m to -18.12m. The
foundations levels vary in the block no. 29 from -20.45m to -18.00m whereas the same ranging from -20.16m to
-18.01m in block no.30. The excavated in the block no 31(part) vary from -17.79 to -19.99m. The rock mass
exposed at foundation grade is traversed by three prominent sets of joints apart from sub horizontal joint. The
prominent joints recorded are 1.N15° to 25ºW to S15°-25°E/ SV to vertical dips, 2. N55º to 65ºE to S55º- 65ºW/
vertical to sub vertical dips 3. N80°W to E-W/vertical to sub vertical dips toward u/s. In general, the joints are in
general tight to slightly open, moderately close to widely spaced, continuous to discontinue in nature. Another
N20°W-S20°E vertically dipping liner shear zone for about 3cm at Ch. 596.9/54m, extend upto Ch.610.9/29m.
The foundations are dry during course of investigations.
In the block no 28 and 29, a N5° to 15ºW to S5°-15°E/ 65° to 70° dipping towards right side of the dam axis for
about 80cm to 1.5m width pegmatite with sheared contact zone on either side encountered between Ch. 598.9/14.55m and Ch. 600.9/-14.55m Ch. 582.9m/56m and 584.9/54m, further extending d/s i.e. into stilling basin
area also. On either side of this linier shear zone, it is also observed that a sympathetic closely spaced joined
system with slickensided polished joint planes infill with gougy material. Entire width of this linier shear zone
including pegmatite zone requires proper treatment. In the block no30 and 31(part) a N10° to 15ºW to S10°15°E vertically dipping minor shear for about 3cm to 5cm width with sheared contact with the country Charnockite,
is noticed between Ch. 637.4/-14.55m and Ch.596.9m/56m. A N60°E- S60°W vertically dipping pegmatite vein
72

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

M
O

of about 15cm wide is exposed in the block .28 and29 (568.9/35m) and extend towards block no. 29 (598.9/
50m). A small closely spaced joint system trending N55°W-S55°E for about 3cm width at Ch567.9/13m and
extend upto 528.0/8m.
A N80°E to E-W trending pegmatite vein of about 10cm wide is exposed in the block .30 and 31 (628.9m/1) and
extend towards block no. 31 (640.9m/2m) A very thin linear shear zone (N50°E – S50°W) in the block no. 30
and 31(625.9/5m extends upto 640.4/19m). Another 15cm wide pegmatite vein is recorded at Ch. 621.9/15m
and 640.4/36m in the block no. 30 and 3(part). One more pegmatite vein of about 10cm width is exposed at Ch.
628.9/33m, extend upto 640.4/22m.
Block No. 31(part) (Ch. 644.40m to Ch. 653.9m to), Block 32 (Ch. 653.9m to Ch. 675.4m), Block 33
(Ch.675.40m to 696.90m), Block 34 (Ch.696.90m to 718.40m) and Block No. 35 (Ch.718.9m to 739.9m:
The rocks exposed at the foundation grade of the body wall portion including u/s portion of spillway blocks 31
(Slope foundation), 32, 33, 34 are slightly weathered to fresh, charnockite. The excavated levels vary from 16.60m to -9.30m in the body wall in the slope portion of block 31. In the Block 32, the excavated levels vary
from -9.360m to -10.100m in the body wall portion. The excavated levels vary from -10.71m to +0.83m in
block 33 & from +0.83m to +9.95m in Block 34 in the body wall resulting uneven rugged surface. The
foundations levels vary from 9.45m to 10m in the body wall portion. The rock mass at foundation grade is
traversed by two prominent sets of joints, a random joint and sub horizontal joint. The prominent joints recorded
are 1.N25-30º W to S25-30°E/ SV to vertical dips, 2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips
and N80°E to E-W/vertical dips. The joints are in general tight to slightly open, moderately close to widely
spaced, continuous to discontinue in nature. The rock mass at the foundation grade is traversed by two prominent
sets of joints, a random joint and sub horizontal joint. The prominent joints recorded are 1.N25-30º W to S2530°E/ SV to vertical dips, 2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips and N80°E to E-W/vertical
dips. The joints are in general tight to slightly open. A closely spaced vertically dipping joints with stained
joints planes is noticed between ch.673.9m/10m and 675.4m/-8m having N60°E- S30°W of about 2cm to 3cm
wide and another is also present between Ch.675.4m/-8m and 653.9m/-38m having N30°W- S30°E of about
1cm to 1.5cm wide. The foundations are dry in condition during course of investigations.
Block No.36 to 42, (Ch. 739.9m to Ch.890.9m):
The rocks exposed at the foundation grade of the body wall portion including u/s portion of the axis of the
spillway block-36 to block no40 are fresh, hard, competent charnockite with pegmatite veins intrusions. The
excavated levels in the block no.36 are varying from +9.725m to +10.033m. The foundations levels vary in the
block no. 37 from +9.406m to +10.020m whereas the same ranging from +9.315m to +9.925.m in block no.38.
The excavated in the block no 39 vary from +9.703m to +9.966m and the same in the block no. 40 ranging from
+9.405m to +10.005m. The excavated levels in the block no.41 are varying from RL +9.360m to +10.00m
whereas the same vary from +9.495m to +10.020m in the block no.42. The rock mass at foundation grade is
traversed by two prominent sets of joints apart from sub horizontal joint. The prominent joints recorded are
1.N25-30º W to S25-30°E/ SV to vertical dips, 2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips. The
joints are in general tight to slightly open, moderately close to widely spaced, continuous to discontinue in
nature. A vertically dipping N65°E - S65°W trending with 20cm to 30m wide linear shear zone is exposed at
Ch. -5m/741.9m extends upto 10/767.9m in the block no. 36 and 37. A N75°E – S75°W trending pegmatite vein
of about 10cm wide is noticed at Ch. –10/755.9m extending upto +4767.4 in the block no.36 and 37. Another
N15°W – S15°E trending a linear shear vertically dipping pegmatite vein for about 1.5m wide is also recorded
between Ch. 824.4m and 826.9m, extending further downstream in the block no.40. The foundations are dry
during course of investigations.
Geotechnical Assessment of foundations: Block No. 43 to 49, (Ch. 890.4m to 1040.9m):
The rocks exposed at the foundation grade of the body wall portion including u/s portion of spillway block-43 to
45 are fresh, hard charnockite. The foundation levels vary from +9.29m to +10.00m in the body wall of block
43, the same vary from 8.66m to 10.00m in block 44 whereas the excavated levels in the block 45 ranging from
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+8.720m to 10.00m. The excavated levels vary from 8.805m to 10.00m in the body wall portion of block 46 and
the same vary in the block 47 from 9.065 to 10.00m. The excavated level in the block 48 ranging from 8.16m to
-9.965m and in the block 49, the same vary from 8.40m to 9.88m. The rock mass at foundation grade is
traversed by two prominent sets of joints, a random joint and sub horizontal joint. The prominent joints recorded
are 1.N25-30º W to S25-30°E/ SV to vertical dips, 2. N55º to 65ºE to S55º- 65ºW/vertical to sub vertical dips
and N80°E to E-W/vertical dips. The joints are in general tight to slightly open, moderately close to widely
spaced, continuous to discontinue in nature. The foundations are dry in condition during course of investigations.
Permeability tests were also conducted at Ch. 570m (RL.-15.08m), Ch. 750m (RL. +9.900m) along the dam
axis upto a depth of 20.3m below RL.-15.08m. The test results have indicated the Lugeon values ranging from
0Lu to 4 Lu in the depth section of 16.5m to 19.5m whereas in the next three meter depth between 13.5m and
16.5m depths shows 0Lu whereas in the depth section between 10.5m and 13.5m also indicates 0 Lu. Permeability
tests were also conducted at along the dam axis upto a depth of 15m below excavated level showing decrease Lu
value while going down to last depth section12-15m.
As per the suggestions of GSI, the plate load tests were conducted by Project Authorities by CSMRS, New
Delhi along dam axis in the body wall portion of spillway foundations at Ch. 60.967m (RL.10.14m); Ch.
99.226m (RL.9.567m); Ch. 199.120m (RL.10.215m); Ch.310.120m (RL.10.313m); Ch.349.090m (RL.10.345m);
Ch.380.738m (RL 10.23m);Ch.609m/37.584m (RL-18.13m) and all the test results have indicated a value of
250 T/m2 against design load of 160T/m2. Permeability tests were also conducted at every block upto a depth
of 15m below the foundation level as per GSI suggestions.
Suggestions and Recommendations:
Based on the type of rocks exposed and disposition of discontinuities at foundations grade of spillway blocks 02
to 49, the foundations are found suitable for laying leveling course concrete for constructing the proposed
spillway. However, for final preparation of thesefoundations of spillway block portions, itwas suggested to:
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 remove rock fragments anddust present on the excavated foundations completely.
 eliminate the overhangs/open jointed rock mass as explained and marked at the site.
 scoop out/excavate the crushed/weathered material present along the shear zone as per formula treatment as
discussed and shown at the site. In the block no 28(part) and 29 (part) excavate the crushedpresent all along
shear zone upto a depth of 1.5m depth as per formula treatment as discussed and shown at the site and also
provide reinforcement all along the shear zone. And suggested to provide a 1.5m depth groove/key trench
with reinforcement both u/s and d/s side of the shear zone for a horizontal length of 5m.
 clean the entire foundations with air-water jet before placing the leveling course.
 carry out the consolidation grouting (B- holes) as per designs for the foundations by drilling 12m deep
grout holes spaced at 3m c/c staggered pattern. Provide additional grout holes all along the shear zone upto
depth of 15m.
 chisel the yellowish coating on foundations/joint surfaces to become rugged surface.
 clean the entire foundations with air-water jet before placing the leveling course.
 carry out the consolidation grouting (B- holes) as per designs for the foundations by drilling 8m deep grout
holes spaced at 3m c/c staggered pattern in the body wall portion and carry out the consolidation grouting
for the foundations by drilling 6m deep grout holes spaced at 6m c/c staggered pattern in the stilling basin
portions
 provide additional grout holes all along the shear zone as shown at site with 3m interval and upto a depth of
9m and 15m along the shear zone in 28 and 29 blocks.
 carry out curtain grouting (A-holes) along the central line of the spillway structure upto a depth of 38m and
the spacing of the holes will be maintained as mentioned in the design drawings.
 conduct post-grout permeability tests in body wall portions of every block to know the efficacy of grouting
and for further evaluation.
 carry out anchorage as per approved designs for the slopes of the foundations and also for stilling basin
portions.
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NBCC considered to construct a six storied car parking plaza at Mangan (27°30’:88°32’, 78 A/10) for facilitating
parking in view of easing the traffic congestion on North Sikkim Highway (NSH) and its surroundings and
providing other civic amenities like waiting Hall/Cineplex/Restaurant etc. The proposed site (N-S aligned and
sloping towards west) is bounded by two main roads – one at upper level near market in east (NSH) and the
other at lower level; Rinzing Namgyal Kazi Marg in west. Total area acquired by the Project Authority for
building purpose is 3580 acres (0.88 acres). As per the present plan there will be provision for parking of 75-85
vehicles at a time with separate car entry and exit points in two different directions.
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Mangan area is located in the rugged mountainous region with rolling ridges dissected by deep gorges and
narrow valleys and innumerable ravines of Lesser Himalayas along the left bank of Tista River. Average height
of main urban agglomeration of Mangan town area ranges from 1040 m to 1060 m with maximum altitude of
1400m towards east. General slope of this area is in westerly direction and the slope angle varies between 14°
and 45° and average slope is 25°. This town is bounded by ENE-WSW trending Parkshep Ridge in north and
Tista River in its South. The main drainage of the area is Tista which flows from north to south. A number of
small kholas/jhoras and drainage channels pass through Mangan and drain into Tista River. Drainage pattern is
mostly dendritic and rectangular in nature. In and around Mangan township rock types belonging to Gorubathan
Formation of Daling Group represented by quartz biotite schist, quartz-chlorite sercite schist phyllite with
interbands of quartzite are intermittently exposed showing NW-SE to NNW-SSE foliation 25° to 60° dip towards
NE or ENE i.e. upslope. The area is tectonically complicated and rocks have undergone polyphase deformation
reflected by intense shearing and folding. Main Central Thrust (MCT) is located at about 5km from Mangan in
northeast direction. Regional geological map indicates presence of fault in both north and south of Mangan
town.

The area under consideration for proposed Parking Plaza is entirely covered with overburden / slope wash
material of variable thickness. Slope forming material within the study area can broadly be subdivided into two
groups. The upper part of the slope i.e. from E.L. 100 m to E.L. 90 m consists of dark greyish brown finegrained cohesive silty sand soil with a few pieces of boulders of quartz biotite schist while the lower part i.e.
from E.L. 90 m to E.L. 72 m it is covered with slope wash debris. No rock outcrop has been found near vicinity
of the study area. Only outcrop of quartz biotite schist was found at the upslope along North Sikkim Highway
section. The foliation of this rock shows N 45°W – S 45°E strike with 25° to 60° dip towards NE i.e. up slope.
The rocks are dissected by three sets of sub vertical to vertical joints trending E-W, N-S and NNW-SSE. Joint
planes are in general smooth, planar and tight in nature. Logging of the pits reveals that top 30 cm to 50 cm is
made up of less cohesive silty to sandy soil mixed with pieces of rock fragments underlain by pale yellow
stained grayish brown silty sandy soil mixed with boulder pieces of quartz biotite schist. Analysis of available
drilling record supplied by the Project Authority reveals presence of boulder strata at depths varying between
6m and 11m without interception of any bed rock. Within the study area and its adjoining parts no major
signature of slope distress in the form of cracks and fissures in the ground, ground subsidence, landslide scars,
seepage and water logged spots, gaping cracks in the surrounding buildings etc. were noticed. However, close
observation indicated presence of some thin hairline cracks in the wall of a tin shed house located at the eastern
end of the designated area and also in another building located within the Block Development Office. Cracks are
mostly E-W trending.
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Consultation of report on landslide Microzonation of Mangan area (prepared by GSI) indicates that this area
falls within moderately hazard zone (Zone-III). It indicates that chances of slope destabilization in this part in a
future time cannot be ruled out if not adequate preventive/ precautionary measures are not taken. The main
constructional activities was suggested to be restricted within EL 98 m and EL 90 m of the designated area
where slope is gentle (5°-8°). Construction in the lower part is not desirable as the slope is rather steep here
(slope angle around 30° ), because during the time of excavation for the preparation of the foundation bench of
the proposed structure- chances of inducing instability is rather high. Proper retaining walls at both northern and
southern part and toe protection wall at the western part was suggested with adequate drainage facilities
encircling the proposed plaza following natural contour along with strengthening of existing drains at upslope
i.e., western slope. Accumulated water from these drains was suggested to be dispersed through a permanent
nala / jhora away from the construction site. Valley side edge of the proposed building was recommended to be
considerably away so that stress field does not get day lighted in the valley face. In general, normal slope is
lesser than angle of repose as such in normal condition no major slope stability problem is not expected. But as
during the time of excavation the present equilibrium will be disturbed, during monsoon period after saturation,
properties of soil mass will drastically change, falling of the area within a Moderate Landslide Hazard Zone,
earthquake factor; extreme caution is required at the time of construction of this 6 storied structure. Sikkim area
falls within Seismic Zone-IV as per Seismic Zonation map of India as such suitable seismic coefficient has been
recommended in the design of building for providing sufficient strength in the frame to withstand the damage
from the possible large earthquakes.
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Excavation of the 13.5m diameter and 152 m deep open to sky surge shaft of Mangdechhu Hydro-electric
Project through adverse geological conditions was one of the major challenges faced and successfully tackled by
the Mangdechhu Hydroelectric Project Authority. The Surge Shaft was excavated through highly fractured,
highly weathered to decomposed rock mass with low in-situ strength. Owing to poor rock mass conditions and
low values of engineering parameters such as compressive strength and shear strength, excavation of the shaft
was cautiously carried out by mechanical means. Adverse geological conditions necessitated extensive grouting
along with continuous steel rib support (ISMB 250 at spacing of 0.5m c/c). Behaviour of the rock mass strata
during the course of excavation was monitored by the aid of systematic geotechnical instrumentation programme.
By adopting appropriate excavation methodology, adequate and optimum support system, in-situ treatment of
rock mass and continuous monitoring of rock mass behaviour, excavation of the 152m deep surge shaft was
successfully completed in 16 months.
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Abstract

1. Introduction

Stability of an underground rock cavern is principally not only dependent on the mechanical and hydraulic
behaviour of the discontinuities in the vicinity of cavern but with the evolving geotechnical challenges. These
probable challenges are as excessive deformation, cracks generated in shotcrete which may keep propagating
due to the stress redistribution induced as the excavation advances. Therefore, geological and geotechnical
condition of project site needs to be updated regularly during excavation and the detailed design be revisited
especially in areas where stability is found critical (Nanda et al., 2015).
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For an underground rock cavern storage project located on the west coast of India, multiple cracks in the
shotcrete lining as shown in Figure 1were observed on both walls of the cavern and in the water curtain tunnel
during bench 2 & 3 excavation. Size of crack extent about 3m in length and about 20 mm wide and also a clear
pronounced visibility of further propagation of crack both in terms of aperture and extension was made. Indicating
deformation were observed in the extensometer installed in the water curtain tunnel, the trend of which was yet
to be stabilized. Longitudinal splitting cracks developed in the complex geological conditions appearing very
often in the side wall of the caverns during excavations were likely to weaken the mechanical properties of side
wall as well as integral safety and stability of the underground rock caverns.

Fig. 1: Crack observed near North wall along with the exposed rock surface

In view of the prevailing geological condition and multiple cracks appearing in caverns wall, cavern stability
was reassessed through block analysis as well as three-dimensional (3D) FEM numerical simulation. This paper
summarizes the geological setting & geotechnical condition of the identified location where the cracks were
formed within the underground rock storage caverns along with the synopsis of treatment recommended for
reported cracks. Geotechnical monitoring for deformation was kept under regular observation till it level-off
without any ongoing concerns with respect to the rock mass stability.
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2. Geology
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The project is geologically seated in a stable
Peninsular Gneissic rock complex of Karnataka
comprising of granitic gneisses along with few
mafic intrusions. The mafic intrusive rocks are
in the form of dolerite dykes of varying
thicknesses. A small section of area of around
100m which witnessed several cracks in wall
was located in the far eastern side of cavern
PUA11 as encirced in Figure 2. The area consist
Figure 1 Geological model of the project
of severly closely spaced joints which are
formed due to the coalescence of closely spaced joints of both sets of vertical joint sets. Smaller blocks within
the crushed rock mass were been able to move more freely and the crushed rock begin to squeeze outwards
resulting in localized failure which soon spreads out to the rest of the supported area
3. Design and Support System

Basic design of cavern consisted of two parts. The one was based on Q system (Barton et al., 1974) which was
checked and verified by software Unwedge using statistical joint data to analyze the stability of possible wedges
in the jointed rock mass and the other through numerical method by using Phase 2 FEM software to analyze the
extent of rock deformation into the tunnels and cavern due to distressing of the rock mass resulting from the
excavation.
Results from the wedge and FEM analyses recommend rock bolt of 5m in combination with Fibre reinforced
Shotcrete (FRS) shotcrete as basic rock support. Spacing of rock bolt and thickness of shotcrete varied with rock
class.
4.0 Reassessment of Cavern Stability
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Based on the updated geotechnical information (joints, shears and dyke formations structural map), wedge
analysis with the software Unwedge based on the block analysis (Goodman and Shi, 1985) was performed. A
factor of safety (FOS) 1.5 for sidewalls and a FOS 2.0 for roof are considered to check against the sliding or
falling. Also to check global cavern and pillar stability for this area and the possible failure mechanism between
the caverns, a three-dimensional (3D) FE model as shown in Figure 3 was prepared.

Fig. 3: 3D FE model of caverns and water curtain tunnel
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5.0 Results
Result of block analysis showed that the major geological features in this area were dipping very steeply and
crossing at favourable orientations and therefore the wedge formed using actual joint set mapping data as input
due to prominent joint set with the other major joint set i.e. sub horizontal was not found critical.
Results of 3D FEM analysis showed that the relatively large deformation and cracking phenomena of surrounding
rock and shotcrete layer of underground rock caverns were caused due to presence of several closely spaced
fractured joints and typical shear compounded with relatively low rock strength. Some movements were expected
to occur along the shear features during the excavation of cavern. Also bulging of weaker ground sandwiched in
between more competent ground was observed.
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Additional measures for the treatment of crack was suggested which included replacement of shotcrete with
wire mesh and longer rock bolt with both horizontal and vertical orientation so as to interest the shear planes
prevailing at the location as well as providing additional monitoring sections for observing deformation with
regular physical inspection.
Stability of cavern was also ascertained from the displacement behaviour obtained from geotechnical monitoring
scheme.
Keywords: Underground rock storage cavern, Reassessment, shotcrete crack, 3D FEM, Geotechnical Monitoring.
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Abstract

Recently, external terrorist activities have become one of the most influential events on tunnel structure safety
because of the absence of proper mechanisms to detect these events in time to take preventive action. Urban
tunnels are highly susceptible to destruction under such attacks. In the present study, Abaqus CAE numerical
tool based on finite element method is used to investigate the dynamic response of different shapes of tunnels
which are D-shaped, horseshoe and circular under dynamic loading conditions. In the study, peak impact load is
simulated for different shapes of shallow tunnels and damage behaviour and fracture propagation for each case
is determined and compared. The effect of different loading condition on lining and crown of the tunnel is also
studied. For modelling blast load, explosive TNT is used in the analysis. Blast loading is incorporated by using
Eulerian elements. Longitudinal deformation in the tunnel is computed along tunnel length.
Keywords: Impact loading, Finite Element Analysis, TNT, Tunnel Lining, Underground Tunnel, ABAQUS
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TBM borability is a function of geotechnical and mineralogical properties as well as design of cutter head and
condition of the machine. Samples were collected at different chainages and tested for physical properties,
engineering properties and modal analysis of mineralogy was carried out by thin section petrography. Rosiwal
abrasiveness, equivalent quartz content and mean MOH’s hardness was determined for the samples and correlated
with TBM borability. It is observed that the abrasive minerals are both quartz as well as plagioclase feldspars
and they determine the cutter life than other minerals in addition to the geotechnical properties.
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Abstract

Tapovan Vishnugad hydro power project (520 MW) is located in the Central Crystalline rock mass. The project
is run- off river scheme and under construction in the river Dhauliganga in the Chamoli district of Uttarakhand.
Silt Flushing Tunnel (SFT) of 3.5m finished dia. is under construction in metabasic rock and alluvial deposit.
Previously total length of SFT was 1860m. Due to excavation in extremely rock mass condition from outfall
portal and to minimize the time of excavation length of SFT is reduced to 950m.
The rock mass exposed in old out fall area is comprises of sheared /crushed, highly fractured & jointed quartzite
.Clay filled joints are common in this area (around the old SFT out fall portal). The Dhak nala has formed a huge
alluvial fan depots comprising angular to sub-angular boulders of varying size of banded streak by augen gneiss,
amphibolites and quartzite embedded in gritty matrix .The width of fan varies from 50- 200 m .In-situ rock mass
is absent in the area located between left bank of Dhak nala and SFT out fall (old) and huge depots mostly
glacial debris /moraines /glacial outwash (over burden material) is observed.
The new alignment of SFT with lesser length than the previous alignment will pass below the alluvial fan
deposit and rock mass near the Dhak nala. Which will also excavated in difficult geological conditions.
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Out of 950m length 350m excavation of SFT is completed, slope treatment for the construction of new out fall
portal is completed, and excavation is started from new out fall portal. A cavity was formed at RD 59.5m, just
below the nala during excavation and it was continued up to the RD 72m.The rock cover above the cavity zone
varies from 46-52m. Treatment of cavity was successfully done; in this paper, challenges in progressive excavation
of tunnel, excavation methods used, rock support system adopted and rock mass encountered with the emphasis
on treatment of the cavity zone are described in detail.
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Abstract

1. Introduction

The 8875 m long, single tube, bi-directional, two lane, Rohtang Highway Tunnel is presently being constructed
across the Pir-Panjal ranges of the Himalayas near Manali, Dist. Kullu in Himachal Pradesh. When completed,
this tunnel will provide all weather connectivity between Manali and Lahaul. Geologically the project lies in the
Central Crystalline zone of the Himalayas. Tunnel projects in complex geological setting like the Himalayas are
very unique due to the geological uncertainties and challenges to tackle them. Detailed geological investigations
are an absolute necessity for effective design and construction due to large variations in the tendered and
encountered rock classes witnessed here.
2. Geology encountered during excavation

The excavation of the tunnel was carried out by using the drill and blast method with NATM (New Austrian
Tunneling Method). The Excavation Classes of Rocks were determined using a combination of Qinsitu and depth
of Overburden, keeping the Stress Reduction Factor constant (SRF=1).

I
SA

From the South Portal, the tunnel initially was driven through Quartzitic Schist, which is highly jointed and
crossed by number of shear-zones, parallel or sub-parallel to the tunnel axis. From the North Portal the tunnel
initially was driven through Gneissic rock. The other rock types encountered during tunnelling was Phyllite,
Quartz Phyllite, Quartzite, Mica Schist and Migmatite). The excavation of the Tunnel has shown that there are
significant variations in rock-classes from Tendered to Encountered.
3. Geological and geotechnical challenges encountered during excavation

3.1 Seri nalla fault zone
According to the Tender documents, the Seri Nalla Fault was extrapolated to be encountered between Ch.
2+200m to 2+800m. But during tunneling from the South Portal side, this fault was encountered 300 m earlier at
Ch. 1+900m and extending up to Ch. 2+460m.
The major challenges encountered in the Seri Nalla fault Zone are enumerated below:


Muck flow leading to cavity formation: Three major cavities were encountered where the muck flow
varied from 100m3 to 1000m3.



High ingress of water: Maximum ingress of water recorded was 100-110 l\sec.



Encounter of River Borne Material (RBM): RBM was encountered at a stretch of 90m.

3.2
High overburden cover
The Rohtang Tunnel was excavated through varied overburden cover with the peak overburden cover reaching
up to 1860 m at Ch. 6+100m. Almost half of the tunnel (around 4 km) was excavated under overburden cover of
more than 1000 m under very high stress conditions. Due to the very high overburden cover and resulting
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Photograph 1 Collapsed Rock Mass

Photograph 3 Multiple Drift Excavation

Photograph 2 Pipe-roofing

Photograph 4 Construction of Deep Invert

vertical high stress condition there were instances of spalling, popping, cracks in the shotcrete shell. There were
also the occurrences of “Delayed Cracks” which develops after several days of initial excavation and support.
Cave-in and rock collapse between Ch. 7+245m and Ch. 7+210m: This resulted in the detachment of
shotcrete from 11 to 1 “O” clock position along with the deformation of the lattice girders and exposure of
the rock bolts.



Maximum overburden cover at Ch. 6+100m:



Occurrence of delayed cracks between Ch. 5+300m to Ch. 5+600m: Delayed Cracks had occurred between
Ch. 5+300m to Ch. 5+600m after several days of initial excavation and installation of support. Phyllite and
quartzitic rock was encountered in this area. Converging rock masses transfers deformation to the shotcrete.
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4. Remedial measures undertaken to overcome the challenges

Different remedial measures were applied to overcome the geological and geotechnical challenges encountered
in the excavation of the Rohtang Tunnel which is enumerated below:

4.1 Seri nalla fault zone

DRESS (Drainage Reinforcement, Excavation and Support Solutions) method of tunneling was adopted to
tackle the Seri Nalla zone. DRESS methodology proved very effective in countering the weak, soft and
flowing ground conditions encountered in the Seri nalla zone.


In addition to the DRESS method, several additional measures were also undertaken like Grouting, Micropiling, TSP for advance probing, Pilot Tunnel, Multiple drift excavation, Temporary Invert construction
and Deep Invert construction for ring closure.
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4.2 High Stress Zone Due To High Overburden Cover
Due to the high stressing owing to the very high overburden cover, there were many instances of very high
deformation leading to squeezing of the tunnel, cracks in the shotcrete and buckling of the lattice girders.
To counter these problems, additional swellex bolts were installed immediately after installation of lattice
girders. The maximum deformation was observed at 1 “O” clock position from North Portal side where there
was the maximum buckling of the lattice girder. To counter this, slots of 50 cm width were left in the shotcrete
which were later filled after the deformations had subsided. Re-profiling was done in many locations which had
witnessed high deformation resulting in squeezing of the tunnel. For absorbing large deformations it was
decided to install yielding elements like Lining Stress Controllers (LSC).
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4.3 Instrumentation

In Rohtang tunnel, throughout monitoring was done by Bi-Reflex Targets, few Multiple Point Borehole
Extensometers and Load Cells.
5. Conclusion

In tunnel projects located in complex geological setting such as the Himalayas, the cost, feasibility and
design parameters of the projects are largely influenced by geological factors. The cost of the project and
the time schedule along with entire construction planning need to be based on a proper “Geotechnical
Design Summary Report” (GDSR). The problems faced during the construction of the Rohtang tunnel
include significant variations in rock classes from the tendered document in comparison to those actually
being encountered during heading excavation. This is also attributed to the limited geological/geotechnical
data available at the design and tender document preparation phase. Success of tunnel construction is
directly related to the prior knowledge of impending geological complexities to being prepared with preemptive engineering solutions, tools and resources.



DRESS method of tunneling is very useful in countering weak, soft and flowing ground conditions.



TSPs can be used for advance probing in order to access the geological conditions in advance and subsequent
planning to counter them.



LSCs are very effective in absorbing large deformations.
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Keywords: Rohtang Tunnel, NATM, Seri Nalla, DRESS, LSC
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CHALLENGES IN SLOPE
STABILITY MEASURES
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A detailed and systematic Geological mapping carried out to pick up the discontinuities in working benches in
Opencast Coal mine of PK OC-II MINE and RG OC-II MINE of the Singareni Collieries Co. Ltd. In RG OCII MINE, besides Sedimentary benches, Metamorphic benches were also mapped since mine authorities reported
that 60cm of sliding was observed in Highwall towards SE-NW and was along the major boundary fault (F1)
between Metamorphic and Sedimentary Formations. The paper deals with the Structural Mapping to assess the
stability of Over Burden benches in the Opencast Coal mines to assess the stability of slopes with Kinematic
analysis by using the DIPS Software.
PK OC-II Mine

Manuguru coalbelt lies in the eastern margin on the southern part of the Godavari Valley Coalfield. The field
site is located on the south-western part of the Manuguru coal belt, Godavari Valley Coalbelt. The general trend
of the coal seams/coal measures varies from NE-SW in the eastern and northeastern part to east-west in the
western part of the coalbelt, with varying gradient of 1 in 6.05 to 6.97. The swing in the strike rather reflects a
broad asymmetrical plunging antiform and synform.

RG OC-II Mine
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The floor contour plan of Thick seam reveals gentle folding of the seam into an asymmetrical plunging synform
(syncline) in the eastern part of the area. The coal seams folded into an asymmetrical plunging antiform. The
axis of this trend is in NNE-SSW direction. This block is intersected by several faults with varying throw
amount. A detailed and systematic mapping helped to pick up total 127 joints in sandstone OB benches.
Locations of all these Joints are surveyed with the help of total station. At each Location, the details of Joints are
taken viz. trend, dip direction, dip amount, persistence, Spacing, Joint filling, Joint aperture and Joint surface.
The F16 fault could be traced at two locations. Besides this, six minor slips are identified and mapped.
The field site is located within the Ramagundam Coalbelt along the western margin of the Godavari Basin.
Trend of coal seams/ coal measures varies from NW-SE to NNE-SSW with varying gradient of 1 in 4.40 to
7.30. On the southern side, major fault F1 forms the limit of the block. Along this fault, older formations viz.
Pakhal Fm, Sullavai Fm and Talchir Fm, were faulted and the Basement rocks of Archaen group came in
contact directly with basal Barakar Fm. It is presumed that throw of the fault could be +300m?, as natural
sequence of Fms. are missing along with part of Archaen Fm (?). Apart the major fault, the block is intersected
by several faults with varying throw amount. A detailed and systematic mapping was planned to pick up trends
of Joint system of both Metamorphic and Sedimentary benches along the major boundary fault (F1) to find the
reasons that are leading to the wide cracks and thereby resulting into failure of benches.
Kinematic analysis

The average orientations of the discontinuity sets determined from the geotechnical mapping were analyzed to
assess kinematically possible failure modes (Planar, Wedge and Toppling) involving structural discontinuities.
The basic concept of Kinematic analysis for plane failure is straight forward. Two conditions must be for sliding
to occur. First discontinuity must dip more steeply than its frictional angle. Secondly, for sliding to occur, the
discontinuity must daylight slope face in a down dip direction. These two conditions must be represented on a
stereo net in the form a crescent shaped critical zone. Dip vectors which daylight the critical zone dip more
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steeply than the friction angle but less steeply than the slope face. The most vulnerable area within the critical
zone occurs within + 20 degrees of the slope face dip direction.
“Kinematic analysis” with the DIPS software was taken up both for PK OC-II MINE and RG OC-II MINE
mines with the help of National Institute of Rock Mechanics (NIRM).
PK OC-II Mine
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Using the mapping data in the DIPS software, the following projections were drawn . Kinematic analysis of the
projections is also shown in the subsequent figures. Both direction and amount of dip of J1 & J2 Joints and fault
F16 are 086/088,084/189 & 061/133 respectively. In conclusion, it is found that no failure of the slopes is
anticipated, except along the plane of Fault F16.
RG OC-II Mine

Using the mapping data in the DIPS software, the following projections were drawn along with Kinematic
analysis. From the stereo projection of the planes of the joints (the great circles) in sandstone benches, it is
observed that most of the joints are parallel to each other, and also parallel to the bench / pit slopes. The joint J2
is day lighting into the face, and so is potential for planar failures. So also, the intersections of J2, J3 and J4 are
potential for creation of some low angle wedges, and may cause some unstable conditions locally. The fault
plane is exactly parallel to the bench angle, so it can be taken as the slope face itself, and has no significant
influence on the stability of the slope. Based on the mapping carried out in the two Open Cast Coal mines, the
findings are concluded as follows

Using the mapping data in the DIPS software for “Kinematic Analysis” is found to be more helpful in
predicting the stability of slopes.



Findings of the Kinematic analysis technique are -

In PK OC-II MINE mine, no failure of slopes is anticipated and all slopes are stable, except along
the Fault F16.

ii.

However, in RG OC-II MINE, failure of benches are found to be result of unfavorable orientation of
discontinuities viz. Joints, faults etc.

I
SA

i.

Key words: Pench Dam, Khindsi Feeder Canal, Kochi barrage
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Abstract

Proper investigation and design, smooth construction/execution of civil structures has always been a challenging
task and posed a concern in its stability with time for every Hydro-Power Projects (HPPs). HPPs that are
precisely located in Himalayan terrain, their construction involves massive capital along with the number of
impediments like difficult reaches of rugged topography with high mountains, the steep gradient of slope, thick
vegetal cover, complex geology and thick cover of overburden materials and climate.
The construction of back slope of the surface powerhouse of Parbati H. E. Project, Stage-II in Kullu district of
Himachal Pradesh posed severe slope stability due to weak meta-basics, chloritic phyllite and schist rock with
variable joint system associated with heavy precipitation and poor drainage problem. This paper deals with the
failure of slopes causes its analysis in light of Romana SMR along with Limit equilibrium method to analyse pre
and post factor of safety has been discussed for the stability of powerhouse back cut-slope.
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1. Introduction

This paper describes the geological and geotechnical challenges faced in the stability analysis of rock slope for
dam abutments composed of jointed rock mass. The whole study was divided into geological and geotechnical
analyses. The geological study mainly comprises of identification of basic geology of the field, rock structure
type, structural elements and its orientation etc. Whereas Geotechnical study encompasses kinematic analysis to
identify the type of slope failure, limit equilibrium analysis to find out the factor of safety of structural failures
and numerical modelling of the slope to study the behaviour of slope in global scale under various combinations
of loads. Failure of slope under critical conditions of load is identified and suitable treatment measures are
proposed for stabilization of natural slope for safety and convenience of project construction stages.
2. Geological and Geotechnical Survey

3. Rock Slope Stability Analysis
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The analysis of rock slopes completely depends on the slope geology, structural features in rock, strength
parameters of rock mass and geometry of the slope. Identification of naturally existing joint sets and their
orientation in field is limited to apparent outcrops and has to be interpolated in between which is a challenging
task and requires experience. The depth and persistence of joints plays a significant role in defining the size of
the wedge which again relies on basic assumptions. The categorization of rock mass based on different established
classification systems and determining its properties from supporting correlation, showed much variation from
that calculated from the lab test results. Hence, selection of representative strength parameters is also of great
challenge to form basis of the analysis.

Introduction
Rock slope stability analysis is carried out to identify the most vulnerable locations of rock slope which are
prone to any type of shear failure under critical combinations of external loads and quantify its instability.
Vulnerable locations are then stabilized by providing external support elements which contributes to the resisting
forces by increasing the Shear strength of the failure plane.
Kinematic Analysis
The joint sets as obtained from the field are plotted in the stereographs, as
shown in figure 1, along with slope face to identify the possibility of any
structurally controlled failure i.e. planar or wedge failures. The angle of
internal friction of the rock joints is also plotted in the stereograph to
check the likelihood of slide. However, it’s quite challenging to conclude
the failure of planar/wedge blocks suggested by kinematic analysis in line
with the actual field conditions. The failure of rock planes/wedges in field
is actually controlled by the weakest planes of contributing joint sets.

Figure 1 Stereo plots showing the
wedge formation
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Limit Equilibrium Approach
Limit equilibrium method is one of the traditional stability analysis method used to obtain the factor of safety of
the potentially unstable slope at the verge of failure. The wedges which are prone to failure as identified from
the kinematic analysis have been analyzed using limit equilibrium based software to obtain its FOS. Cohesion
and friction angle of the contributing joints are critical parameters which governs stability of the wedge and
hence considering the appropriate shear strength parameters is of great challenge.
The basic friction angle of the joints in the same type of rock varies based on surface roughness. Hence
obtaining the characteristic shear strength parameters of the rock joints by conducting representative shear test is
another challenge.
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Numerical Modelling Method
In order to understand the behaviour of the rock slopes, numerical techniques like Finite Element Method
(FEM) have been adopted widely now days. Numerical modelling techniques are developed to provide approximate
solutions to problems, which otherwise, would not have been possible to solve using conventional techniques.
The rock slopes with highly spaced joint sets are assumed as a continuum element. Representation of rock mass
considering the effects of joints is also a challenge. Various assumptions such as homogenous and isotropic
behaviour of rock mass are a sort of solution to tackle the challenges of solving sophisticated stress calculations
by reducing the size of constitutive matrix. Elastic modulus and Poisson’s ratio are the basic elastic parameter
that should be known while performing FEM analysis.

Rock slope stabilization measures
Slope Stabilization measures involve treatment of slope by strengthening of the strata itself or by installing some
external structural elements either to prevent the failure or protect the elements from the failure. The rock
support system includes Rock bolts, Shotcrete, wiremesh, cable anchors etc.
4. Case Study
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A rock slope stabilization study has been carried out in Himalayan region for an upcoming Dam site of a hydro
power project. Principle rock type exposed in the study area is quartzite and dolomitic limestone. Dolomitic
limestone is present conformably over quartzite on the right bank as shown in figure 2.

Figure 2 Right bank slope comprising Quartzite and Dolomitic Limestone - Area of study
95

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

M
O
Figure 3 Output of Global Stability analysis in
Phase 2 Software

Figure 4 Typical unstable rock wedge analyzed
in Swedge software

The rock mass encountered consists of closely spaced joints along with other geological structures like shear
zones and folds. The formation and possibility of sliding of unstable wedge were identified by the kinematic
analysis. The identified unstable wedges were further analyzed by limit equilibrium method for find out the
critical factor of safety under various conditions of loading. Global stability analysis of different slope sections
were carried out using finite element based software.
The global stability analysis of rock slope, as shown in figure 3, has not predicted any significant mass movement.
Whereas instability is observed in potential wedges when they are analyzed on a local scale under critical
loading conditions.
5. Support System
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Structural support systems were recommended to stabilize the potentially unstable zones. After identifying the
unstable wedges, the structural supports like systematic rock bolting of 8 to 10m length and spacing varying
from 1.5m to 2.5m combined with100mm thick shotcrete lining with welded wire mesh is recommended.
Installation of rock bolts isgoverned by the field conditions such as evident formation of wedges and limitations
of access to such locations. Figure 4 shows a typical unstable wedge stabilized by providing rock bolts.
6. Conclusion

It has been presented in this paper that geological and geotechnical characterization of rock slope is a challenging
task. The challenge increases when it comes to recommend and execute the stabilization of rock slope for
construction of large structures like dams.

Therefore it is imperative that the rock slopes should be characterized with great expertise considering all
aspects of major structural features present in rocks. The methods available for rock slope analyses should be
used wherever applicable considering the behaviour of the rock mass and limitations of the method.

The rock slope support measures should be designed to come out with optimum solution in terms of safety and
economy considering the objective of stabilization, the risk involved and the field conditions.

96

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Stability of cut slopes on either abutment of
Koteshwar dam, Uttarakhand
Harish Bahuguna
Head, Environment and Geology Cell
UJVNL, Dehradun

Abstract

M
O

The Koteshwar dam site located in Tehri Garhwal district of Uttarakhand and it is approximately 22 Km
downstream of the famous Tehri dam. The project was commissioned in 2011 and presently it is generating
400MW of hydropower. Components of the project consists of a 97.50m high concrete gravity dam consisting
of 14 blocks, a 575m long and 8m diameter diversion tunnel on the left bank having a design discharge of 670
Cumecs, four vertical penstock shafts, four lower horizontal penstocks, a surface powerhouse, a main access
tunnel and a stilling basin at the toe of the dam.
The Koteshwar dam project area lies within the Main Himalayan Belt (MHB), in the midlands of Lesser
Himalaya which is bounded in the north by a regional tectonic discontinuity i.e. main Central Thrust (MCT) and
in the south by another tectonic discontinuity i.e. Main Boundary Thrust (MBT). The project site is located in
Zone IV of the Seismic Zoning Map of India wherein seismic shaking may result in damage reaching intensity
rating of VIII on MM scale.
The project area exposes an uninterrupted sequence of folded metasedimentary rocks of Chandpur phyllites (Pt
3 Proterozoic-III) which have variable proportions of argillaceous and arenaceous constituents. The change in
the attitude of bedding on either bank clearly indicates an antiformal closure at the dam site.
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The physical and geo-mechanical properties the rock masses were determined by employing geophysical methods
and performing geo-mechanical tests at the site and laboratory. The lab testing of the samples and determination
of geomechanical properties was aimed at deciphering the role of the compositional variation in the rock masses
on these properties.
Slope stability analysis for either abutment helped in deciding the stripping limit on the abutment slopes, in
designing the cut angles of the slopes, and in devising their support measures.
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Abstract

In order to reduce substantially the carbon emissions and implement the Dubai Clean Energy Strategy 2050, the
govt. is working on major projects to diversify the energy mix and manage the demand for electricity. The
energy mix plan to be generated is targeted for25 % of solar power, 7% from nuclear, 7% from clean coal and
61% from gas by 2030.The case study project is a clean coal fired power plant of 4×600MW. The project
besides the main structures for a typical gas based thermal plant, includes the construction of a pump house. The
construction of the structures involves small to deep excavations for foundations.
The pump house foundations involve the deepest, over 18 m of excavation, generating high cut slopes. The
stability of these high cut slopes has a definite bearing on the short term safety and performance of the structures
in the project. To provide the design engineers with the required measures to design stable cut slope angle vis-àvis slope protection measures to enhance the stability and safety of the cut slopes, the stability assessment study
was taken-up during construction.
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The study involves acquisition field works which included mapping
of the cut slopes based on terrestrial photography, characterization
of the slopes on photo-mosaics, discontinuity/ joint data collection,
Kinematic admissibility check of joint data using DIPs 6, analytical
checks using the rock science programme and global stability checks
using slope/W programme etc. The equipment’s used include Rover
GPS, geologic compass, high resolution SLR Camera, Schmidt’s
hammer, profilograph, tapes etc. Besides, the field works the study
involved specialized laboratory testing like direct shear test along
potential rock discontinuities and intact rock. Software (roc science)
based empirical and analytical checks for the four side slopes of
The general view of site
the +18 m deep pit for the pump house,were performed.
Geology: The excavated slopes consist of 0.5 – 3.0 m thick silty
sandy overburden layer, below which distinctly to partially
weathered sandstone (Gr.III/ II) is noticed up to a depth range of
6.0m to 18.00m thick (locally highly weathered reddish brown)
followed by slightly weathered (Gr.II) Siltstone to reach of toe
depth. Wide Pockets of intensely jointed/ fractured rock mass is
seen distributed on the cut slope. Weathered rock mass is also
noticed up to a depth below 7 m also.
In general the ground water table at the site was 2-3m below existing
ground. Extensive dewatering by pumping was resorted for handling
the seepages.
Joint Data: The data collected from each slope location were analyzed using DIP-6 software. The major joint
sets and the potential failure modes were identified.
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Based on the kinematic analysis, set J-1 (132/34) is identified to be potential for planar mode of failure on the
East slope.
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Analytical checks

The checks were performed using Rock science program (Roc Plane & S Wedge) software. The analysis shows
a FoS= 1.08.Blocks may cause small Plane failures, which are manifested at site. No potential wedge blocks
were identified in the check or noticed on the slopes. Since the slopes are temporary in nature the above FoS is
considered to be acceptable.

As very weak rock with obliterated discontinuities/ joints exposed in the sections may behave typically as a soil
mass, hence the global stability with the concept of circular failure was also checked. A 2-D analysis (Morgenstern
–Price method) for local and global cases was performed using Slope/W- a FE based software (www.geoslope.com).The analytical checks were performed for both static and dynamic (g=0.15) cases.
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Parameters for Analytical checks:
The following parametric values were used for the analytical cheeks:
Unit
Deg
M
t/m3
t/m2
Deg.
MPa

Value
45
5-7 /18
1.80/2.20
2/7
33/35/27
100

M
O

Parameter
 Cut slope angle…………...
 Cut slope height…………..
 Density……………………
 Cohesion………………….
 Friction angle…………….
 E- Modulus……………...

Remarks
Bench/slope
Sand/rock
Sandstone/Siltstone
Sand /Sandstone / Siltstone
Weathered sandtones & top soil.

The summary of the analytical checks is shown in below table for each cut slope:
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Conclusion & Recommendations:
Based on the results of the study the following conclusions could be drawn:

Highly jointed sandstones with 2 predominant sets of joints are encountered in the existing cut slopes.

The results of the analytical checks indicate the existing temporary cut slopes of 45°to be stable locally and
globally with a FoS of +1.08.

Local failure of the blocks of <0.5 m3 are expected. It has been recommended to scale out all loose blocks
from the slope surface.

The over hangs be knocked-off/ removed for safety reasons.

Seepages from the slope be directed suitably with toe drains on the benches.
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Bhasmey HEP is located in East Sikkim district of Sikkim on river Rangpo, a tributary of River Teesta and
envisages generation of 54 MW (2x27 MW) of hydroelectricity by construction of a 37m high diversion barrage,
4.5km long HRT of 5m diameter and a surface powerhouse. The surface powerhouse of the project is located on
the right bank of the river and is close to the national highway NH 31A. Powerhouse is aligned at the base of
steep hill slope. Slopes around the powerhouse were identified potentially unstable from the beginning of the
project study.
The project lies in the Lesser Himalayas which is bounded in the north by Main Central Thrust (MCT) and by
Main Boundary Thrust (MBT) in the south. The rocks belonging to Daling Group are exposed in the area. The
project area falls in Zone IV, of seismic zonation map of India, which indicates high seismic sensitivity. The
exposed rock and below layers are phyllite with small bands of Quartzite, soft in nature and having less
compressive strength.
The slope excavation and stabilisation was started in 2010 - 2011 after which the project was put on hold for 5
years and was revived in 2015. Slope stabilisation measures proposed initially were 25mm dia. anchors 5m long
@2.0m c/c staggered with wire mesh shotcrete.
This paper discusses the analysis done in the earlier phase , conditions during halt of project and the critical
conditions after revival, due to which the slope collapsed and also the post failure analysis, treatment and slope
stabilisation measures. Like soil nails, shotcrete, drainage holes and practical difficulties faced during construction
as well as instrumentation of slopes, safety measures to be taken at site are also discussed.
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After resumption of construction activities at the project in 2015 geological mapping of the area was carried
pout. During the initial phase of excavation no distressing was observed in and around the powerhouse slope.
Thereafter, benching and simultaneous protection work started from El. 369m and advanced till El. 366m. On
Mar. 18, 2016, cracks (vertical and parallel to slope) started appearing from El. 376m. On May 26, 2018, part of
stabilized slope fell down as a result of persistent rainfall in the region.

Assessment of integrated data and site conditions revealed the existence of shear zone at about 30m horizontal
distance from powerhouse towards the hill slope. This shear zone acted as an impervious curtain to retain the
charged water inside the hill slope resulting into the increased pore water pressure along the entire hill slope
below groundwater table. To overcome the issue, immediate water pressure relief hole was suggested at an El.
369m of length not less than 30m to help calculate the complete discharge time of retained water. Apart from
above, it was advised that no further excavation work for slope shall be advanced till the complete closure of
water through pressure relief holes.

A detailed slope stability analysis has been carried out for these slopes so as to estimate the Factor of safety for
these permanent slopes using Phase II software, by doing sensitivity analysis for economizing the cost. Now
slope stabilization was done half way so practical challenges of bringing equipment to particular bench to install
Self drilling Anchors, Cable anchors, Controlled excavation were faced at site.

Although the software’s have many constrains in modeling like putting boundary conditions, loads etc., but
designer should try to replicate the actual site condition in model as closely as possible. This analysis was
carried out keeping all small issues in mind. The slope is modelled in Phase 2 and its Factor of safety is
evaluated for both static and seismic loading conditions and final support system have been proposed.
101

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Localized stability assessments for a powerhouse back cut-slope
A.P. Singh
Ankit Singh
T. Singh
K.S. Rao
Department of Civil Engineering,
Indian Institute of Technology Delhi, Hauz Khaz, New Delhi-110016

Abstract

M
O

Landslides can be regarded as one of the major, both natural and anthropogenically related hazard, resulting in
massive loss of life, infrastructure and disruption of livelihood. In mountainous regions, especially Himalayas,
the probability of failure of slopes becomes much higher due to its active tectonics and very complex structure
and rugged topography. This is aided by the continuous rise of the human population in these regions leading to
the creation of more infrastructure, roads, tunnels, bridges, etc. to meet the increasing demand. One of the basic
requirements of these development activities is the creation of new roads and highways and widening of existing
ones to connect distant and remote regions and make them accessible for human use. Thus, the stability of
slopes along the roads and highways is the primary concern of slope stability in these hilly regions. Unplanned
development activities, excavations, drilling and blasting, road cutting at steeper angles, etc. undermine the
stability of slopes and make them vulnerable to failures.
Proper investigation and design, smooth construction/execution of civil structures has always been a challenging
task and posed a concern in its stability with time for every Hydro-Power Projects (HPPs). HPPs that are
precisely located in Himalayan terrain, their construction involves massive capital along with the number of
impediments like difficult reaches of rugged topography with high mountains, the steep gradient of slope, thick
vegetal cover, complex geology and thick cover of overburden materials and climate.
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The construction of back slope of the surface powerhouse of Parbati H. E. Project, St-II in Kullu district of
Himachal Pradesh posed severe slope stability due to weak meta-basics, chloritic phyllite and schist rock with
variable joint system associated with heavy precipitation and poor drainage problem. To cater to this problem
the present study deals with the slope stability analysis of road cut slopes along the Larji-Sainj road connecting
Parbati-III Power Station to Parbati-II Power House in Kullu district of Himachal Pradesh. For this purpose, an
area of 13.6 km has been investigated along the road and four probable sites of failure accumulating the most
variation in stability controlling parameters have been selected for analysis. A combined Continuous Slope
Mass rating (CSMR) and Kinematic Analysis approach has been framed to study the stability of steep road cut
slopes in the region. The study resulted in the identification of the significant event controlling parameters for
slope failure and likely sites of failure in the area.
This paper deals with the failure of slopes causes its analysis in light of Romana SMR along with Limit
equilibrium method to analyze pre and post factor of safety has been discussed for the stability of powerhouse
back cut-slope. Site investigation is done to understand the attitude of slopes. All required discontinuities
parameters as per Bieniawski RMR Geomechanics classification 1973, 1989. Samples are collected and lab
experiments have been performed to get the strength parameters. Continuous Rock Mass Classification (Tomás
et al., 2007) is then used to characterize the slope rock mass. CSMR is a modified version of Slope Mass Rating
(SMR) technique proposed by Romana, 1985.
Stereographs of all location are plotted using software Rocscience DIPS. The traditional Limiting Equilibrium
method, after Hoek & Bray (1974); is used for finding out the value of Factor of safety of probable mode of
failure as depicted by stereo-plots. For planer failure analysis the wedge that slides along one of its limiting
sides (Markland) and the other sides consist of free or open surfaces is considered. The Critical tension crack
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Figure 1 The view of Surface Powerhouse Backslope of Pârbati II H.E.P

location is calculated and based on site, the weight of the sliding block is computed. The factor of safety is the
ratio between the resisting force and the sliding force.
Two joint sets and one or two free surfaces (lower outcrop and upper outcrop) in the slope rock mass is taken for
the potential wedge failure analysis. The size and the extension of wedge due to sliding is a function of the rock
slope dimensions. The factor of safety for wedge analysis is found out by stereo-plot and Wedge stability
calculation sheet, after Hoek & Bray (1974).
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Abstract

Heavy rainfall in the month of June 2013 has severely affected many localities and National Highways disrupting
communication system with rest of Uttarakhand state. Number of landslides were reactivated along RishikeshGangotri highway (NH-134) either due to saturation of slope forming material or due to toe cutting by the
Bhagirathi river. Bandarkot village is situated on the right bank of Bhagirathi river and is located 8km west of
Uttarkashi township on NH-134. Landslide along the bank of the river has washed off about 150m stretch of
National Highway passing through the village and also damages many settlements. The village is situated over
a thick pile of river borne material (RBM) comprising boulders, pebbles and cobbles of basic rock, quartzite and
schists embedded in silt-clayey-gritty matrix.
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Bandarkot landslide is a huge debris slide and is retrogressive in nature. The slide has a slope length of about
290 meter with a width of 540 m having height of 200m. The slide boundary is sharp and is marked by a
prominent scarp. Slope of the ground shows varying degree on inclination ranges from 20p to 60p . The slope
forms steep escarpment where Bhagirathi River takes a sharp turn and change its course from northwest to
southwest. The crown of the slide is located at an elevation of 1225 m, whereas the toe of the slide lies at an
elevation of 1025 m and the road is located at an elevation of 1110 m. The slope above the road is cut at a
higher angle of about 60°-70° and slope below the affected stretch of the road is almost vertical and forms a
steep escarpment. Main village settlement is situated just above the road. Numerous tension cracks and subsidence
hummocks are present beyond the crown of the slide indicating active movement in the area. The slope is
dissected by numerous rills and gullies which directly drains into Bhagirathi River. The rocks of Garhwal Group
of Mesoproterozoic Age belonging to Lesser Himalaya is exposed in the area and is bounded by Main Central
Thrust (MCT) in the North and North Almora Thrust (NAT) in the South (Misc. Pub. 30, part XIII, 2012).
Intermittent occurrence of basic rock of epidiorite composition belonging to Berinag Formation is present in the
area which is highly jointed and weathered. The exposed rock mass is mainly traversed by three sets of joints.
Dip amount and dip direction of the foliation parallel joint (J1) varies from 25°- 35°40° NE. Besides, the
foliation joint (J1), the other three joint sets are varying in dip and dip direction from 45°-55°200-235° SW
(J2), 70°-85°180°-200° SSW (J3) and 45°-64°15°-40°NE (J4). Quartzite and slates of Berinag Formation
are also exposed in the area. Patchy outcrop of metabasic rock and schistose rock is exposed intermittently
within the debris material. The mapped area in which slide is located is mainly composed of Undifferentiated
Quaternary deposits of Holocene age.

The material of the slide being debris, the nature of failure is identified as circular type. Back analysis of the
slope has been carried out along the slope profile using Bishops Method (1955). The lowest factor of safety
(FOS) is 0.862 indicating that the slope is vulnerable to failure. The unstable zone has been identified where
FOS ranges from 0.862 to 0.962. Development of substantial amount of pore pressure within heterogeneous,
non-cohesive soil mass along with high velocity surface run off coupled with intense toe cutting by Bhagirathi
River has resulted the failure of slope material. Toe protection by cement masonry wall at the toe, benching of
slope, lining of drainage etc. has been suggested as remedial measures.
Keywords: Landslide, circular failure, back analysis, toe erosion, factor of safety.
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Abstract

Deccan Trap Basalt (DTB) from Western India consists of a stack of sub horizontal basaltic lava flows- ‘a’â and
pâhoehoe erupted during Cretaceous period. Above 700 m msl, in this region, ‘a’â flows are predominant and
constitutes a major part of road sections passing through this terrain. There is a considerable threat of rock falls
in the exposed Ghat sections around these elevations. The size of rock fall is usually around 200-500 m3 with
varying frequency during different seasons. Such periodic rock falls become a nuisance to the community,
causing damage and disruption of transportation and communication. The cases of occurrence of rockfalls in
ghat sections are on rise because of increase in the number of infrastructural projects required to fulfil challenges
of transportation network. A review of geological condition is taken by considering three representative ghat
sections; Sinhagad Fort (18º21’N/73º45’E), Dive Ghat (18º24’N / 73º59’E) and Khambataki ghat (17°N/74°E)
inclusive of twenty-eight flows of aa basalts to understand likely reason of failures.
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Aa flows in general are composed of fragmented top (FT); dense and jointed core (DJC) and fragmented bottom
(FB). The FT has varying thickness (1-4 m), making up to 10% of the flow in sectional view. It is made of thin
tuffaceous horizons and volcanic breccias with zeolitized as well as grey unaltered matrix. The DJC, the most
prominent portion of flows with thickness upto 50 m, is composed of jointed aphanitic basalt without vesicles.
The FB of the flow has a thickness 1-3 m, making upto 10% of the flow and constitutes fragments encrusted by
zeolitized as well as grey unaltered matrix. The heterogeneity in basalt is thus developed because of these three
components. The FB generally, decomposes quickly on exposure forming gentle slopes. In the DJC, rock is
massive with high strength, impervious in nature with presence of varying kinds of jointing, mostly cooling but
also pressure relief. The joints developed in these flows vary in orientation, persistence and number of joint sets
(at least two). Columnar jointing, amongst the commonest types, responsible in developing secondary permeability
in the core portion which because of networking with other joints accelerates weathering. They give rise to
angular / spheroid shaped detached blocks of various dimensions (depending upon spacing, persistence etc. of
joints) The dense basaltic rock mass of the DJC turns into an unstable, decomposed and pervious over a period
of time. Weathering index in the sections shows remarkable variation in the three components thus making aa
basalt, a vulnerable rock mass particularly because of growth of unsuitable cut slopes.
Stereographic plots prepared for more than 1800 joints covering twenty-eight flows along with orientation of
natural and cut slopes indicate azimuth of failure zones. Increase in pore pressure along joints and wedges
formed because of networking of joints with slopes allow acceleration in weathering leading to frequent fall of
jointed cores. The case studies are discussed at length and plausible reason for the failure is demonstrated using
supporting field data.
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Kanupur Irrigation Project envisages construction of a 3400 m long and 48.0 m high earth dam across Baitarani
River at Basudevpur of Keonjhar district, Odisha with a 218 m long right saddle spillway for routing of
maximum 14450 Cumec design discharge. After completion of the project, irrigation to GCA 39437 Ha of
drought prone Keonjhar & Mayurbhanj districts of Odisha will be provided.

Slope stability problem has been anticipated at the hillock portion located between Right flank spillway &
Baitrani River (RD 1440 m to RD 1650 m). Surface geological mapping indicate presence of Kolhan quartzite at
the top of the hillock successively underlain by Kolhan conglomerate and then highly to moderately weathered
granite/ granite gneiss (W4-W5) (Singhbhum Granite). This granitic rock is extensively decomposed in nature
due to high feldspar content & shows profuse development of gullies. It is apprehended that this decomposed
granite in the form of powder may flow down on oversaturation after reservoir impounding and will pose
serious threat to the hill slope stability.
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Subsurface exploration in the form of drilling, assessment of water loss & groutability indicate that this rock
mass can be effectively grouted. To protect this hill slope in regard to deterioration of rock mass-either a
protection wall encircling the hillock at the reservoir side or provision of grouted cut off at upstream with
consolidation grouting of rock mass has been recommended.
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Abstract

The research study has been carried out in a collaboration research with Asakawagumi Construction Company
Pvt. Ltd. from Wakayama Prefecture of Japan. The investigations were executed by constructing two different
medium sized embankments at different sites, at Iwade Shi and at Kainanshi, Wakayama, Japan respectively.
The main objective of the study is to understand the characteristics of degree of compaction using bucket
tamping method and stiffness by portable falling weight deflectometer (FWD) developed in Kyushu University
((Ninomiya 2009)) of the constructed embankment slopes in different compaction energies. The degree of
compaction of the compacted slope using bucket tamping method was measured using Radio Isotope (RI)
nuclear density gauge.
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Figure 2 Soil slope settlement compaction at
Kainan Shi, Wakayama

Figure 1 First embankment at Iwade Shi,
Wakayama

The first embankment was constructed at IwadeShi with dimensions of 24 m in length with north and south
facing slopes at 1:1.8 slope gradients (Manandhar et al. 2011). The height of the slope from the ground level is
2 m. The slope gradients of east and west are 1:1 and 1:3 respectively (Figure 1). The second embankment has
dimensions of 25 m in length with slope gradients of 1:1.8 and 1:1.5 at Kainan Shi.

The embankments were constructed spreading soils layer by layer using local soil materials of Wakayama
Prefecture. At first 30 cm layer was compacted on the ground level by sheep foot roller compactor. Then, 30 cm
soil layer was overlaid on it and 2 m high embankment was built. Then, bucket of excavator was used to create
the beautiful slopes without considering the compaction energies.
The existing slope was modified by asserting different types of compaction energies using the bucket of excavator
and named as Slope-X, Slope-Y, and Slope-Z respectively for the first embankment. For Slope-X, it was simply
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trimmed and leveled by the bucket which had low energy distribution. Then, remaining slopes were subjected
with increasing tamping from the bucket respectively. Similarly, for the second embankment, the Slope-L,
Slope-M and Slope-N were tamped with 5, 15, and 30 number of blows using the bucket of the excavator
respectively. After four months, slopes were remoulded with a layer of 30 cm on the slope and recompacted the
slope with increasing tamping blow. At first, Slope-L was remoulded and at the mid part of this slope, 12
tamping blow was given and increased the blow of tamping 24 and 50 respectively and slopes were names as L’,
M’, and N’ respectively as shown by Fig. 2. Afterwards, whole slope was again disturbed and divided into three
zones named as L2, M2, and N2 (Fig. 2). Then 30 cm layer of soils were spread on it and again compacted by
the bucket of excavator. In this case, Slope-L2 was divided into three rows based on perimeter of bucket of
excavator and each row was subjected to 12 times tamping. Similarly, Slope-M2 was characterized with 24
tamping blows and Slope-N2 was compacted with 50 times of blow tamping.
Results and Discussions:

Figure 3 Dry densities by RI of the first embankment

Figure 4 Degree of compaction vs soil stiffness
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After slopes were constructed, in-situ measurements were carried out using RI density gauge and FWD for both
embankments. In the meantime, settlement of slope during bucket tamping were measured for the second
embankment of Slope-L2, Slope-M2 and Slope-N2 respectively. Measurement shows that 12 tamping showed
maximum settlement of 9 cm. Similarly, 24 and 50 times tamping blow slopes showed maximum of settlements
of soil up to 11 cm and 14 cm in the respectively (Figure 2). Results showed that the dry densities were
increased with increasing compaction energy for the first embankment (Figure 3). Similar phenomenon was
observed in the second embankment together with soil stiffness measured by FWD. Afterwards, the measurements
were further taken after four months and found scattering of soil stiffness and degree of compaction.
After four months, measurements of RI and FWD were taken at the slope of the second embankment. The
measured degree of compaction and soil stiffness scattered and did not follow the increase in degree of compaction
with increased soil stiffness. Not only by the bucket tamping in slope but vibro-roller compaction on the top of
the embankment also showed the scattering in trend. Before rainfall, the soil stiffness was in good agreement
with increasing degree of compaction. When slight rainfall trickled, degree of compaction and soil stiffness
were scattered for the same slope when applied same compaction energy due to the presence of phyllitic rock
particles in the constructed embankment. Soapy phyllitic rock was easily crumbled and lost its strength to
decrease the stiffness and degree of compaction of the entire embankment.
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Abstract

1. Introduction

The Kishanganga Hydroelectric project (KHEP) of 330 MW installed capacity has been constructed on the river
Kishanganga (a tributary of river Jhelum) and is located in Bandipore District of Jammu & Kashmir.
It is a run-off-the river scheme; envisaging diversion of river water to a underground power house located at Kralpora
near Bandipore town through a 23 km long Head Race Tunnel (HRT) and water is discharged in Wular lake through
905m long Tail Race Tunnel.
The project comprises of 37m high Concrete Face Rock fill Dam; 134m long, 33m deep, cut-off wall at upstream toe
of dam; one number of 23Km long, 6.24/5.2m diameter, horse shoe/ circular shaped HRT and 905m long, 5m dia,
horse shoe shaped Tail Race Tunnel.
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The underground power house accommodated 3 units of 110MW capacity each designed to operate under the
net rated head of 646m and generating 1713 MU in a 90% dependable year. Construction of the project began in
2009 and was commissioned in March 2018. In 2011 Pakistan raised objection on design & construction of
Kishanganga project. However NHPC made serious efforts to clarify the issue and Dec 2013 International
Permanent Court of Arbitration permitted India to construct the project with some modification to release 9
cumecs of water downstream of Kishanganga Dam. The dam is located in Gurez within a U-shaped valley
having steep abutments. At this location river width is about 90m with nearly 30m wide main channel being
confined to the right bank due to exposures of slope wash & low level fluviatile terrace deposit. The left bank of
river channel comprise of river borne material at river bed level. Both the abutments on either bank above the
river bed have exposed bedrock of greenish color, fine grained and massive Andesite of Panjal Volcanics.

The key part of the whole project was the construction of a 134m long, about 1m wide plastic concrete cut off
wall (or diaphragm wall) without reinforcement underneath the main dam at upstream toe area to a maximum
depth of 33m in overburden consisting of bouldery zone along with 1m socket into bedrock through drill-blast /
grab picking method. The objective of providing cut off wall at upstream toe of the Concrete Faced Rock fill
Dam was to restrict seepage of water within the overburden and rock formations beneath dam and to enhance
long term stability / service life of the dam against internal erosion.
The depth of the overburden along the cut of wall in the river bed section varies from 1.9m to 33.0m consisting
of riverine materials underlain by bedrock of massive to moderately jointed, compact, hard Panjal volcanics.
The overburden materials consists boulders, pebbles and cobbles of Andesite, granite, dolomatic limestone and
gneiss is embedded in a sandy silty matrix. During the construction of cut off wall, riverine deposits have been
excavated and the resulting trench backfilled with a barrier material of well defined properties. Unlike the
prevailing mechanical method like trench cutters, the constructions of cut off wall in Kishanganga HEP has
been executed by drill and blast (DBM) / mechanical grab picking method due to the presence of high strength
boulders in an unknown quantity and size.
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Figure 1 Upstream view of Dam of Kishanganga Power Station
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Figure 2 Schematic layout plan of the project

In this paper, safe construction methodology adopted for execution of cut off wall has been demonstrated
wherein excavation in various heterogeneous soil conditions such as riverine deposits, high strength boulder
zones and rock formations through successful use of drill-blast / grab pick method and combinations have been
discussed.
2. Methodology adopted

Construction of 134m long plastic concrete cut off wall was commenced during Nov’2013 and was completed
in Jan’ 2016 approximately three working seasons. Based upon the previous experience gained from different
projects, significant amount of desk studies were taken up during the design stage to develop a scope of work for
the possibility of construction of cut off wall either through mechanical means like trench cutter or drill-blast
method. With the deployment of Hydromill type Trench cutter (BAUER) in geological conditions having
boulders of more than 200MPa, the excavation output may have dropped rapidly due to high wear & tear of
cutters. As such, alternative excavation processes with combination of drill-blast method & mechanical grab
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system were adopted and found to be very successful. The plastic concrete cut off wall was constructed by
excavating the trench of 1.0m width by grab and chisel. The trench area was first shattered by light controlled
blasting to shatter the boulders, riverine deposits etc. in order to facilitate the excavation by grabbing. Down the
hole hammer drilling system of dia 115mm & 250 mm were carried out as blast and relief holes respectively in
riverine parts and one meter in bedrock. The drilling activities have been carried out with installation of casing
simultaneously in the hole. The excavation was done by mechanical grab wherein walls of excavated trench
were supported by Bentonite slurry. After the completion of grabbing the panel verticality at each depth with
width was checked by ultrasonic echo metric test (Koden test).
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Excavations and concreting were done as a sequence of primary and secondary panels consisting of total 61
panels. Initially primary panel width of -----1m & length of 2.5m were excavated under the support of bentonite
slurry. The barrier material is subsequently placed by the displacement method using tremie pipes. The rising
barrier material replaces the lighter bentonite slurry which is pumped out of the trench at the top of the panel,
regenerated and recycled. After hardening the barrier material sufficiently, the secondary panels were excavated
between the primary panels and backfilled with barrier material in the same way as the primary panels. In order
to ensure that the cut off wall is impermeable, the minimum overlap at the joints was kept as 35cm.

Figure 3 Mechanical grabbing riverine
deposits
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3. Conclusions

Figure 4 Backfilling of trench with
barrier materials

Now a day’s deep diaphragm cut-off walls are more frequently in use and this has provided optimum solution
for an effective water barrier within the soil and rock formations beneath dam. The successful construction of
the cut off wall has also ensured foundation treatment work for dam which has resulted both in stability and
impermeability (water tightness) of the underlying foundation rock by avoiding unacceptable under-dam water
seepage.
In Kishanganga project, by selecting the most appropriate excavation methodology, cut-off wall with depth to
the order of 30m in difficult ground conditions like hard bouldery zone has been executed successfully through
drill-blast method. This has also resulted in limited risk of cost variation and time overrun.
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Calcareous rocks like limestones, dolomites, chalks, and evaporites, are most susceptible for karstification, that
is, process of solution action, by corrosive actions of meteoric, surface and subsurface waters. In fact the
corrosive action of the water is responsible for the development of various types of karstic features both on the
surface and subsurface levels. Furthermore, pronounced solution action of water causes formation of dolines,
which lead to development of caves passages and underground streams in karst terrains. The development of
karst is intense around weak points such as intersections of joints, fractures, interstices, etc. Interconnectivity of
such secondary pore system exercises significant role in geotechnical issues in development of river valley and
hydel projects in karst terrains.
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Due to interconnected network of secondary pore systems, karst terrains pose diversified geotechnical challenges
in development of river valley and hydel projects including pressure tunnels, bridges, highways, etc. Among
others, the pronounced problems include leakage and discharge in distal places, which need to be addressed
adequately. Systematic and meticulous geotechnical assessments of karst terrains are thus imperative before
development of such projects in them. Such investigations obviously involve careful study of nature, depth,
distribution and frequency of secondary pore systems and their interconnectivity by close-spaced drilling,
geomorphological and geophysical surveys and geohydrological evaluation. Sealing of secondary pore systems
through comprehensive pressure grouting by drilling closely-spaced bore holes is essential for checking distal
leakages and discharges. Choice of depth and spacing of drilling and grouting is normally dependent up on the
depth, nature and degree of karstification. In this paper mode of development of pore systems and broad
geotechnical challenges involved in development of river and hydel projects in karst terrains have been discussed.

116

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Cut off wall (CoW):
A safe construction practice in dam foundations -Case studies
P. K. Gupta
Ex-General Manager (Geotech), NHPC Ltd.,
Freelance Consulting Engineering Geologist
E-mail pkguptanhpc1956@rediffmail.com

Abstract

M
O

With the growing demand of Power and necessity of water for irrigation & drinking purposes, the art of
technology has to take a call to convert unviable dam sites into techno-economically feasible sites through
innovative approaches. In this context, it is to mention that most lucrative sites for River Valley Projects in
Himalayan Region has been either tapped or are being tapped. Thus, the sites left for future development are
either inaccessible (located in the interior part of the Himalaya) or have geological challenges. There was a time
when planning of Concrete dams in deep overburden material in the river beds was a challenge. But with the
growing art of technology it has become techno-economically feasible to construct Concrete Face Rock fill Dam
(CFRD) in place of Concrete dam in deep overburden material. In India it has been widely used as a safe
construction practice by NHPC Ltd. in new millennium.
A CoW is a wall of impervious material (Plastic Concrete) placed below the dam foundation to act as water tight
barrier and to reduce seepage under a dam or spillway foundation. The basic purpose of CoW is to overcome
excavation of deep overburden material in dam foundation which is an uneconomical proposition. Further it
reduces seepage & increases seepage path below the dam foundation. Execution of CoW is a specialized
technique and very few Internationally renowned companies (viz. M/S Bauer, Germany; M/S Solentache Bachy,
France; and M/S Trevi, Itlay) are available worldwide to execute the works successfully.
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The Ist CoW was constructed in Wolf Creek dam, KY, in 1975.However, in India the Ist CoW (max. depth 70
m) was constructed for 56 m high CFRD in Dhauliganga Project, Uttarakhand in the year 2002-03 by NHPC.
Thereafter, CFRDs with CoW of 45 & 33 m deep was constructed by NHPC in Parbati stage III, Himachal
Pradesh (Year 2008) and Kishanganga Project (Year 2013-15) in J & K respectively. Another classical example
is of Pakal Dul Project where the dam site at Drangdhuran on Marusudar river was initially selected for concrete
gravity dam due to narrow rocky valley but later on choice of dam was changed from concrete to CFRD due to
deep overburden (>50m) found in the river channel section during Survey & Investigation and there was no
choice to go for another alternative site. Thus, this site has to be retained which could have been possible with
the confidence developed by executing CFRDs in the past by NHPC Ltd. Now, the Project is being executed by
Chenab Valley Power Projects (P) Ltd.
Another good example of execution of CoW for dam foundation is in Earth cum Rock fill Dam (ECRF) at
Indrasagar Polavaram (Multipurpose) Project on Godavari River in Andhra Pradesh by State Irrigation Department.
At this Project, the length of CoW is 1750m with deepest panel of 90 m. This is the biggest wall (lengthwise &
depth wise) however, has been successfully executed in two seasons (Years 2017-2018).

Although the Cow is widely executed in deep overburden material but there are some good examples also where
CoW is also constructed in weak bed rock foundations. The best global examples are Wolf Creek dam, USA and
Arpuni Concrete dam, New Zealand where 85 m& 90 m deep walls in Karst geology and volcanic Ignimbrite
weak rocks respectively are provided. Further if we see the Indian example of CoW in bed rock, the Subansiri
Lower Project of NHPC on Assam – Arunachal Pradesh is the stand alone example where twin CoWs of 50 &
30 m deep (in U/S & D/S) are being executed in Siwalik soft sand stone to increase the path of percolation and
to prevent migration of particles from the dam foundation. Summing up, it is concluded that deep overburden
material or weak bed rock foundations are no more limitations for dam foundations in today’s time and provision
of CoW proves to be a safe design practices.
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A 1.2 km long 7m diameter tunnel was considered between RD 87.5 km to RD 88.7 km of 95 km long Rengali
Right Bank Canal near Lambodarapur (20º 36' 20", 85º 31' 08", 73 H/10) by the Dept. of Water Resources,
Govt. of Odisha for avoiding deep excavation to the tune of 27 m to 33m in view of slope instability, recurrent
slope maintenance and muck disposal problem. For assessing feasibility of proposal of tunnel, detailed geotechnical
evaluation was made through both surface and subsurface geotechnical exploration. Geomorphologically, the
area is characterised by presence of isolated irregular shaped hills with intervening pediplains. The valley part
hosting the project drains down to Brahmani River located further north, as well as Mahanadi River in the south.
The overall slope gradient of the area is towards north in the northern part whereas in the southern part it is
towards southeast. Litho-tectonically, the study area constitutes a part of Eastern Ghat Mobile Belt (EGMB)
lying to the south of a major WNW-ESE trending Brahmani Lineament- representing a major ductile shear zone
with mixed characters of cratonic and EGMB rock suites with younger intrusives extending on regional scale.
The area under study shows presence of khondalite, gneiss & quartzite belonging to Eastern Ghat Mobile Belt.
General strike of these rocks is NW-SE, with 30º-45º dip towards NE. N30º E-S30º W trending tunnel alignment
makes an acute angle with regional strike and angular relationship with the other discontinuity planes. Valley
areas are covered by deep reddish brown laterite soil & pale greyish colour silty sandy/ clayey sandy soil.
Subsurface exploration data indicate 1.0 m to 7.5 m thick sandy clay / silt zone over the weathered and
disintegrated khondalite. Moderately weathered to fresh khondalite occurs at depths below 14.833m to 31.25m.
In general, core recovery and RQD in khondalite is very poor (Core recovery 18-40% and RQD nil-35%) due to
erratic weathering and soft nature of rock mass. Ground water level is very shallow with respect to the ground
surface (0.6m – 2.45m). Compressive strength of this khondalite ranges between 28 kg/cm2 to 57.7 kg/cm2 and
Point Load strength index 1.38 MN/m2 indicating weak to very weak nature of rockmass. Q-values (as per
Barton’s classification- 0.01 and 2.33) estimated along the tunnel alignment, at the proposed crown level
indicate extremely poor to poor category of rock mass. Khondalite shows deep weathering up to a considerable
depth. Absence of 2D (D- tunnel diameter) rock cover is also negative factor for consideration of tunnel. In
view of these, serious tunnelling problems like tunnel collapse, chimney formation, flowing ground conditions
and seepage have been anticipated. Fractures in khondalitic rockmass must have given easy access to ground
water up to an appreciable depth resulting deep weathering of rock. This may prove to be the main bottle neck
in proposal of tunnel as restoration of tunnel collapse zones is a very costly and time consuming process.
Blasting would be detrimental for excavation of tunnel because the rock mass is extensively weathered and is
likely to be greatly damaged due to blast vibrations leading to instability of the tunnel. Hence it has been
suggested to make a choice between open cut excavation and cut and cover duct taking into consideration the
economics and safety aspects. Ultimately, the project authority finally selected cut and cover-which has saved
huge slope stability measures, disposal of excavated material and protecting valuable cultivable land.
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In the construction industry, the challenge is to reduce slope failure and excavation failure. For this, many
techniques are in use to prevent slope failure. Soil nailing is one of the broadly used techniques in geotechnical
engineering. It is used to stabilize the cut slope and natural slope with the help of steel bars known as nails
which behave as reinforcement to the soil. It consists of both solid and hollow steel bars, solid bars are used in
pre-drilled holes and after that grouted with the cement slurry to provide corrosion protection and improved load
transfer to the soil and hollow bars are mainly drilled and grouted with slurry simultaneously as construction
progresses. In general, compared to other conventional methods of stabilization like retaining walls, the soil
nailing method is advantageous because of quicker construction procedure, lower cost and low impact on the
adjacent ground structure. Stability analysis of soil nailing is also important for the design of slope supporting
system. The objective of this paper is to analyze the factors that affect the soil nailing stability. A nailed slope is
the composite structure of elements like a nail, grout, facing wall and soil. Soil nailing design procedure
includes wall layout (wall length and wall height), horizontal spacing and vertical spacing of nails, an inclination
angle of the nails, diameter of the nails, length of the nails, soil-nail material properties, and relevant ground
conditions. The design engineer evaluates the length of nail used in soil nailing and maximum nail force after
considering all these parameters and they need to be adjusted for stability requirements. Determination of the
effects of factors which influence the stability of soil nailing plays an important role in the soil nailing system
design. There are various factors that affect the stability of soil nailing in cut and natural slopes such as nail
properties (length, spacing, and inclination), soil properties (shear strength parameters), wall inclination and
grout bond strength etc. Many researchers have done various studies on these parameters. In this paper, an
attempt had been made to analyze the effect of these factors on the stability of soil nailing. The various soil
nailing modelling techniques were reviewed and some of the important factors affecting soil nailing are quoted.
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Abstract

With the constant growing of cities, many problems in transportation have to be faced. One of the greatest and
simplest way to overcome this problem is to use underground transportation system. Tunnelling has become an
important part in our modern infrastructure system. Due to the scarcity of land for proper transportation, there is
a tremendous need of tunnelling system. The stability behaviour of tunnels is a major reason of concern in the
field of tunnelling. To prevent the major failures occurring in tunnelling, the stability behaviour of underground
structures should be kept in mind during the construction of tunnels. In engineering practises various methods
are used to determine the stresses developing in the tunnel lining. Various theories have been derived to
determine the stress distribution on underground structures. The effect of overlying strata on the stability of
tunnels has been investigated by a lot of researchers in past. And from there studies, it can be noticed that
overlying strata has a major influence over the stress occurring in the tunnel structures. In the present study, an
attempt is made to determine the stresses developing in tunnel lining. For that, experimental investigation is
carried out in laboratory in order to simulate the natural rock conditions. Lined and unlined tunnel samples are
prepared from synthetic material. In order to determine the effect of overburden depth, the cover depth of the
tunnel varies. Then theses samples are subjected to static loading conditions. From the results, it can be concluded
that change in the cover depth has major effect on stresses developing in tunnel lining.
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The Dindi Lift Irrigation Scheme envisages lifting of 30 TMC of flood waters from Srisailam Reservoir to drop
into the existing Dindi Reservoir at 0.50 TMC per day in 60 days so as to irrigate 13.41 lakh acres of land
besides providing drinking water supply enroute. This water is then transgressed through a 18 m wide and
59.015 km long Dindi Main Canal exclusively by gravity having a design bed gradient of 1 in 11500 for the
purpose of irrigating a cumulative total of 3.41 lakh acres of land by grossly storing about 21 TMC of water. As
per the Scheme, Srisailam waters will be let into and approach canal through a 10 m dia., 18 km long tunnel so
as to reach the Ulpara Barrage (FRL +412 m) constituting Ch. 0/0 km of the Main Canal of the DLI Scheme to
reach the existing the Dindi Reservoir. The Scheme contemplates creation of seven balancing reservoirs: four
being online reservoirs and the remaining three are off-line the reservoirs by filling them with the Srisailam
water. As a part of the Dindi Lift Irrigation (DLI) Scheme, it is proposed to construct a 18.6 m high and 3850 m
long Gottimukkala Reservoir with a central five gated spillway with its FRL at +340.000 m, designed to have a
gross storage capacity of 1.839 TMC to cater to the needs of irrigation.
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The project area has a gently undulating topography with low lying hill ranges in the northwest and isolated
hillocks over rest of the area. The area is drained by Bhimanapalli Vagu and Shasler Vagu and their tributaries
in the south and north respectively. Regionally, the Project site is occupied by various litho units of supracrustal
rocks belonging to Dharwar Super group of Archaean age, granites and gneisses of Peninsular Gneissic ComplexII of Archaean to Palaeo Proterozoic age and mafic dykes. The granites include hybrid granite gneiss, grey,
medium to coarse grained hornblende-biotite granite, grey biotite granite, pink biotite granite, alkali feldspar
granite and leucogranite. The grey, medium to coarse grained hornblende-biotite granite is mafic rich and
occurs as ellipsoidal bodies within the younger granites. At the dam site, medium to coarse grained pink and
grey granites with intrusives of acid and basic rocks belonging to Peninsular Gneissic Complex are exposed and
form the foundation media for the proposed structures. However, sporadic exposures of medium to coarse
grained pink and grey granite are exposed at or near the vicinity of the alignment and especially at the right
abutment.
The dam alignment is oriented along a straight line with kinks at two locations. So as to bring out the weathering
profile of the rock mass along the excavated section and to suggest suitable remedial measures, 3-D geological
mapping of the cut-off trench was carried out from Ch. 0.340 to 3.700 km on 1: 200 m scale barring a 100 m
reach from 1.938 to 2.038 km so as to suggest suitable remedial measures of treatment. Geological mapping
followed by geotechnical assessment of the cut-off trench for the earth dam indicated that the maximum depth
of excavation is 9 m with the ground levels ranging from +340.275 to +324.535 m. The cut-off trench is
excavated through 0.30 to 1.10 m reddish brown sandy soil comprising the overburden; underlain by 0.60 to 5.9
m thick highly weathered granite followed by 2.10 to 2.90 m thick moderately weathered and hard granite
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forming the foundation media in this reach. Nevertheless, in certain reaches of the earth dam about 1.6 to 2.9 m
thick, fresh and hard grey granite is exposed along the floor of the trench thus forming a positive cut-off. A 35
m wide N70oW – S70oE trending dolerite dyke, fractured in nature, dissects the foundations in the left flank
from Ch. 0.885 to 0.920 km. The granite-dyke contact is sharp but partly weathered and shows the effects of
staining. The rock mass exhibits fracturing and fragmentation because of the intersection of joints. Creamish
white lime kankar bands that are 1 to 10 cm wide traverse the host rock occasionally in the reach of the earth
dam from Ch. 0.585 to 0.925 km which do not have any preferred orientation. Such vulnerable features were
suggested to be thoroughly scooped out and removed from the bed level of the cut-off so as to break their
continuity. Some of such lime kankar bands that descended down on to the floor of the cut-off trench were
scooped out for their total elimination. The conical projection as noted at Ch. 1.032 km was eased for attainment
of smooth rolling and effective compaction of hearting material as such.
The foundation media granite is traversed by 3 sets of prominent joints sets and a random set apart from the subhorizontal sheet joints. The joint sets are close to widely spaced, vertical to sub-vertically dipping, and generally
tight in nature. About 1 to 3 mm of apertures was discernible along the N30o to 45oW–S30o to 45oE trending
joint set, at a few places. In general, all the joint sets are askew to the dam alignment except the set trending NS which is either parallel or makes about 5o to 10o angle with the dam axis.
In order to visualize and assess the nature and sub-surface behavior pattern of granite, permeability tests were
suggested to be conducted at select locales. The tests were carried out to depths ranging from 9 to 21 m
considering 3 m test sections employing pressures of 0.5 to 2.0 kg/cm² both in ascending and descending order
taking into cognizance the hydrostatic head. Critical analyses of the test results indicate that the permeability of
the bedrock varies from 2.773 to 24.29 Lu, necessitating to seal-off the pervious rock and also to plug the open
jointed zones by grouting of the rock mass to ensure effective functioning of the reservoir. In actuality, the
permeability of the rock mass in the top 3 m test sections is on higher side while the deeper sections shows a
marginal decrease with relatively lower values which could be due to the improvement of the bedrock condition.
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Amalgamating the field data, the disposition of discontinuities with respect to the dam alignment and the status
of permeabilization of granite, it was recommended to carefully excavate and eliminate the porous lime kankar
bands from the bed level of the cut-off to break their continuity; knock-off the rock projections along the floor of
the cut-off to ensure proper rolling and effective compaction; and provide the cut-off trench with one row of
grout holes along the centre line of the dam to depths ranging from 6 to 9 m with the grout holes spaced at 4 m
interval to enhance reservoir competency. Post-grouting permeability was suggested to be determined by
random holes, especially at the locales of relatively high grout consumption in order to ascertain the adequacy/
efficacy of grouting.
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Abstract

The Pula Subbaiah Veligonda Project envisages drawl of water from Kollam Vagu in the foreshore of Srisailam
Reservoir and let into a 24 km long gravity canal through a 18.8 km long twin tunnel system encompassing a 7.2
m dia., 9.0 m dia., tunnels to impound the reservoirs located at Sunkesula, Gottipadia and Kakarla villages by
closing the natural saddles along the strike ridges of Nallamala hills so as to create Eastern Nallamala Sagar to
have a gross storage capacity of 52 TMC for the purpose of irrigation. At Kakarla village, the naturally formed
geomorphological saddle will be bridged by constructing of a 60 m high and 356 m long Non-Over Flow dam
(NOF Dam) with FRL at +248 m, under Stage-II in Prakasam district.
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Mainly, Gundlakamma River and its tributaries contributes in the area and are fed by a network of dendritic,
parallel to sub-parallel ephemeral streams. The physiography is controlled by lithology (quartzite forming the
ridges), domes (antiformal and synformal hills), whereas the slates and phyllite occupying the plains and interridge valleys. The area forms a part of Nallamalai sub-basin of the Proterozoic Cuddapah Basin. Archaean to
Palaeo Proterozoic granitoids and gneisses occur as an arc in the southeast corner, thrusted over the Cuddapah
sediments. The quartzite of Bairenkonda Formation is medium to thick bedded while shale of Bairenkonda
Formation is grey to greenish grey, fine grained and well foliated, associated with quartzite beds. It is siliceous
and ranges between shale, siliceous shale, quartzite shale and shaly phyllite. The Cumbum Formation is
predominantly an argillaceous unit. It is greenish grey and purple grey in colour with lensoidal bodies of
dolomitic limestone. Thin to medium bedded, fresh and hard quartzite with intercalations of phyllite belonging
to Bairenkonda Formation of Cuddapah Supergroup is exposed at the foundation grade of the N.O.F dam.
Detailed geological mapping of foundations was carried out for Blocks 11 to 17 and R/S key block, both located
between Ch. 160 and 310 m on 1:100 scale to record the geological/ structural features that influence the
foundation media on the contemplated structure to assess and suggest methods of foundation preparation before
placement of foundation concrete. Fresh and hard, thin to thick bedded medium bedded quartzite with thin
intercalations of slaty phyllite belonging Nallamalai Group of Cuddapah Super group is exposed at the foundation
grade. The strike of formation trends N25o to 35oE - S25o to 35oW dipping 55o to 70oSE, i.e., towards d/s side.
The N.O.F gravity structure has a length of 356 m with its T.B.L at +248 m being the ultimate stage. The dam
site is located between Ch. (-)46 m and (+)310 m with 17 main blocks and 2 key blocks. The total length of the
main blocks along the dam axis is 340 m. These 17 main blocks are flanked by an individual key block on either
side. The key block on the left side is 6 m long and the key block on the right side is 10 m long totaling to 16 m
length and are meant for keying purpose. The cumulative length of the N.O.F dam including the 17 main blocks
and that of 2 key blocks comes to 356 m.

The dam axis is aligned in N29oE - S29oW direction with the North oriented towards the left flank. The
foundation levels vary from +231.245 to +243.885 m. The thin bands of soft phyllite are weathered forming
seams at places and are generally askew to the dam axis. A 30 cm wide weathered seam is observed which is
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sub-parallel to the dam axis and cuts across both the blocks from 3.40 m on d/s of Ch. 285 m in block-17. Also,
randomly oriented weathered seams of smaller magnitude are recorded in the foundations. All the seams were
suggested to be excavated to a depth twice their width and be back-filled with concrete.
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The rock mass is dissected by the joint sets trending: N10oE - S10oW / V or 65o NW; N50oW - S50oE / V;
N25oW- S25oE / 75o NE; N75oE - S75oW / V; randomly oriented N75oW - S75oE / V; and foliation joints. These
joint sets are close to widely spaced, vertical to sub-vertically dipping, tight and discontinuous in nature.
Apertures of 1 to 3 mm were observed along the N25oW – S25oE joint set. In the reach located 1m u/s of the toe
line between Ch. 282 and 297 m, wedges were formed in quartzite due to the intersection of N10oE – S10oW / V
joint set with N75oE – S75oW / V set. Loose overhangs were present along these wedges which were suggested
to be carefully removed. The permeability tests were conducted at select locations up to a depth of 27 m and
with applied pressures 1.0, 2.0 and 3.0 kg/cm2 to assess the bedrock characteristics of the foundation media. The
analyses of test results indicated that the permeability values to range from 0.40 to 26.79 Lu in the depths
sections from 3 to 18 m thus warranting grouting.
On the basis of geological mapping and geotechnical evaluation of the foundation media coupled with the
permeability test results, it was recommended to: remove all the loose, detached chunks of rock along the toe
line; thoroughly excavate the infill material from the weathered seams especially along the weathered phyllite
seams as per the formula treatment and be back-filled with concrete; meticulously fill the linear gaps present
along the joint planes of the foundation strata by injecting cement slurry; and to provide consolidation grouting
for the foundation blocks and the Right side key block, up to a depth of 15m with the grout holes spaced at 4m
interval in a staggered fashion to suitably plug the weak planes/pervious zones and make the foundations
competent enough to bear the load of the super incumbent gravity structure for stability.
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Abstract

Sri Komaram Bhim Project, commonly known as Peddavagu Project, located in Pranahita sub-basin is a Medium
Irrigation Project constructed across Peggavagu, Adilabad district, was already commissioned to irrigate 24,500
acres of land. Kosini Balancing Reservoir is proposed for construction at Kosini (V) by drawing water as Ch.
44,920 km of the left Main canal of Sri Komaram Bhim Project, as per the modernization programme.
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The general topography of the area constitutes the valley of Peddavagu displaying undulatory plains with a few
hillocks. The Peddavagu River forms the major drainage which flows easterly with its tributaries. The area
exhibits parallel to sub-parallel, dendritic and radial drainage pattern. Regionally, the area forms the NW part of
the Pranahita Godavari valley. The Penganga and Sullavai rocks exposed in the extreme southwest and northern
part of the area form the basement for the Gondwana sediments. The Penganga is dominated by shale and
followed by limestone exposed in the extreme northern portion. Limestone occurs as narrow and linear bands
relatively at higher elevation than shale due to its resistance to physical weathering. The WNW-ESE faults are
strike/longitudinal faults whereas the rest are transverse faults which offset either the contact of various litho
units or WNW-ESE trending longitudinal faults. Light to dark brown, thin to medium bedded, moderately to
slightly weathered shale belonging to Bela Formation of Penganga Group of Neo Proterozoic age is exposed at
the foundation grade of the H.C Weir and its appurtenant structures.

At the project site, geotechnical investigation for the Project was carried out by way of geological mapping of
the foundation of H.C. Weir and its appurtenant structures. The existing old bund is 10 m high and 850 m long
and is properly functioning as reported, but for minor seepage in the gorge portion at Ch. 1300 m. The ‘0/0’
chainage of the old bund is at Ch. 910 m of the proposed new bund and Ch. 850 m of the old bund would be at
Ch. 1760 m of the new bund. The 117 m long old H.C Weir (now abandoned), is located between Ch. 1018 and
1135 m at 50 m d/s of the new bund. The proposed new H.C Weir, under construction, is located between Ch.
1015.525 and 1135.675 m.
Geotechnical investigations for a 9 m high and 120.155 m long new H.C Weir were carried out in order to
suggest site specific remedial measures. The weir has a 97.30 m long body wall located between Ch.1028 and
1125.30 m, extending 8.951 m on d/s side. The apron portion extends up to 11.40 m on d/s side from the body
wall with a 1.10 m wide end sill, as per design specifications. The body wall is flanked by 6 m wide and 10.125
m long abutment on either side, juxtaposed by 1.25 m long core walls at both the ends of the abutments.
Similarly, from the axis, the weir structure on the left side has Wings extending for 29.50 m length and Return
structure for 3.38 m length on u/s side, whereas the Wing extends for 9 m length and the Return for 6.15 m
length on d/s side. So also, the Wings and Returns are located on right side also with the same dimensions.
Detailed geological mapping and assessment of weir foundations was carried out for all the five foundation
blocks: 1 to 5, involving the body wall and the apron area; and the appurtenant structures which include Left and
Right abutment; Left and Right side Core wall. Also, geological mapping of the appurtenant structures viz.,
Wing and Return structures on u/s and d/s on Left side and Right side was carried out, all housed between Ch.
1015.60 and Ch. 1124.30 m.
125

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

M
O

The strike of the formation trends N20o to 25oW – S20o to 25oE dipping 8o to 12o NE, i.e., towards left flank.
The final foundation levels of the body wall range from +197.475 to +200.620 m whereas in the apron portion,
they vary between +198.845 and +201.770 m. Due to the incidence of soft and highly weathered shale, about
0.30 to 1.20 m deep pits have resulted in the foundation area. Each foundation block is 19.50 m in its length
along the axis, except Block-5, which is 19.30 m long, as per design consideration. The R.Ls of the foundations
of the Wing and Return structures, both on upstream and downstream side vary from +197.030 to +200.150 m.
About 0.40 to 0.60 m wide and 0.80 to 1.70 m deep weathered seams with clayey infill have resulted along the
N45oE – S45oW joint sets located along the axis at Chs. 1036, 1062 and 1085 m. The soft clayey infill material
along these seams was excavated by about 0.70 m but was suggested to be further scooped out and expose the
underlying sound strata. Also, two curvilinear seams of about 5 to 10 cm width and 0.30 to 0.60 m depth
traverse the rock mass extending up to 4 m d/s of axis of the foundation blocks. All the seams were filled up
with silty clay material which was suggested to be thoroughly scooped out, before filling them up with foundation
concrete. About 5 to 10 cm thick soft clayey material was observed along the bedding joints, at a few places.
Such infill material was suggested to be scooped out thoroughly with pick axes and be back-filled with concrete.
In the u/s area of Wing portion, two rectangular weathered pockets occurred due to the incidence of highly
weathered nature of shale.
The rock mass is traversed by joint sets trending: (i) N45o to 60oE – S45o to 60oW / vertical; (ii) N40oW – S40oE
/ 80oSW to vertical; (iii) N15o to 25oW – S15o to 25oE / vertical; (iv) N30oE – S30oW / 75o NW to vertical; and
(v) bedding joints. The joint sets are close to widely spaced, steeply dipping to vertical in nature. Of the above
joint sets, close spaced fracturing was observed along N45o to 60oE – S45o to 60oW set in block-1, at 8 m d/s of
Ch. 1036 m. The fractured/loose rock mass was suggested to be removed till hard strata is met with.
The permeability tests were conducted up to a depth of 15 m with applied pressures of 0.50, 1.00 and 1.50 kg/
cm2 in cyclic order. The test results indicate that the permeability values range from 4.30 to 39.42 Lu with the
maximum permeability is expressed by the top 3 m test section and the least permeability at the bottom most 12
to 15 m test section.
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On the basis of geological mapping and geotechnical evaluation considering the permeability characteristics it
was recommended: to remove the infill material and further deepen the weathered seams occurring along the
axis by about 0.30 to 0.50 m to expose underlying intact shale; to remove all the disjointed and detached blocks
of rock from the foundation area; to provide additional grout holes all along length of weathered seams for
properly plugging of these weak/pervious zones; and to provide consolidation grouting in the body wall area by
drilling 6 m deep grout holes, spaced at 3 m interval, in staggered fashion to make the foundations intact.
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Abstract

Vishnugad Pipalkoti H.E. Project (444 MW) is a run of the river scheme, located on River Alaknanda, spanning
between Helong and Birahi villages in district Chamoli, Uttarakhand, India. The project envisages construction
of a 65m high concrete gravity dam, 10.5m diameter - circular shaped and 494m long diversion tunnel, intake
structure, 3 underground desilting chambers of size 390m x 16m x 20m, 13400m long HRT of 8.8m diameter,
22m diameter & 140m high open to sky surge shaft, 2 nos. of 5.2m diameter pressure shafts, 146m x 21m x 50m
underground powerhouse, 140mx15mx25m underground transformer cavern and 8.8m diameter and 3070m
long TRT. The project utilizes a gross head of 237m to generate 444 MW of power.
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A 494 m long diversion tunnel with 10.5m finished diameter is constructed to divert the River Alaknanda for
construction of dam and its appurtenant structures. This paper elaborates the explorations for planning of
diversion tunnel and geological condition encountered during construction of diversion tunnel, cut & cover
section (figure 1) and slope in inlet area of diversion tunnel along with engineering solutions.

Figure 1 Diversion tunnel inlet cut and cover portion under construction

In order to decipher the depth of over burden and nature of formation, 3 boreholes, one along DT, one in inlet
area and one in outlet area drilled for the depth of 60.2m, 52.5m, and 115.55m with the overburden thickness
encountered10.5m, 38.5m and 7.0m respectively.
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Diversion of river Alaknanda was planned through 10.0 m diameter circular shape tunnel of 490m length plus
length of cut and cover portion on left bank of river Alaknanda. Extreme flood event of June 2013 changed the
river bed profile significantly in dam area of project which affected the designed diversion arrangements at DPR
stage. The changes in river bed profile accommodated, by limiting the height of coffer dam as earlier, by
lowering of inlet and outlet levels of diversion tunnel. The size of diversion tunnel was also increased (finished
diameter revised from 10 m to 10.5 m) to accommodate the water levels behind coffer dam and to accommodate
the water which was earlier envisaged to divert through spill tunnel. Gradient of tunnel has also been increased
to ensure super critical flow (free flow conditions).
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Figure 2 River diversion

Diversion tunnel was excavated through rock mass quartzite with sericitic quartzite and occasional bands of
amphibolite which is at some places sheared. The whole length of diversion tunnel excavated through fair and
good rock mass condition except at few places where rock mass is classified as RMR Class IV. Prevailing
unfavourable conditions, slopes and presence of RBM in foundation of cut and cover portion in Inlet area has
been treated with suitable engineering solutions. The diversion tunnel completed in all aspect and river diverted
in April 2018 (figure 2).
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Historically, the relationship between geologic materials and human health was well known and described in
various ancient literatures around the world. Geological Survey of India (GSI) is the nodal agency for research
and study on medical geology in India and can play a major role by forming Regional Council on Medical
Geology. The effect of geogenic materials “Geotoxigens” elements causing toxicity on human and animal
health, must be addressed critically for the societal benefit, urbanization and developing the smart cities.
1. Introduction

Medical geology is not strictly an emerging discipline but rather a re-emerging discipline. The relationship
between geologic materials and human health has been known for centuries. Ancient Chinese, Egyptian, Greek,
Indian texts etc. describe the many therapeutic applications of various rocks and minerals and many health
problems that they may cause. The Greek philosopher Hippocrates (400 B.C.) is considered by most scientists
to be the founder of medical geology (Bowman et al., 2003). He recognized that the environmental factors affect
the distribution of disease and mentioned in his treatise ‘On Airs, Waters and Places (Part 7)’. “The Medical
Geography” field dealing with the geographical distribution of diseases, relates only to the association between
specific diseases and the physical and social environments (Foster, 2002) but does not address the underlying
geology, which plays a critical role. The geogenic elements whose deficiency or excessiveness causes toxicity
on human as well as on animals health and which creates health problems is termed as “Geotoxigens”.
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The formal recognition of ‘geomedicine’ sub-discipline was made by Zeiss (1931) and considered to be synonymous
with ‘geographic medicine’ (Lag 1990). Little changed until the 1970’s when Lag (1990) redefined the term
geomedicine as “the science dealing with the influence of ordinary environmental factors on the geographic
distribution of health problems in man and animals.
2. Indian Perspective and Challenges

The Geological Survey of India (GSI) has been working on environmental investigations related to medical
geology since 1980 but it assumed significance, when GSI was identified by the International Union of Geological
Sciences (IUGS) as the nodal agency for research and study on medical geology in India. Further IGCP-454
Projects on medical geology was taken up by the GSI, during 2000-2004. With an area of 3.287 million km² and
having a population of over 1.25 billion spread over 36 States and Union territories having varied geological
domain, it is very challenging for geoscientists of India to establish a correlation between the geogenic processes
and diseases. The land-water ecosystem varies from place to place with respect to geological, geochemical and
hydrodynamic processes. Thus, concentrations of various elements also vary. Areas of excess / deficient
concentration of essential trace elements and heavy metals related to health are therefore not well defined.
3. Conclusion

The Indian Geoscientific community should make efforts to incorporate ‘Medical Geology’ sub discipline at
higher secondary level of education system and beyond. To accelerate this process, it is of utmost importance
that specially designed course contents of medical geology be included in the curricula for the medical and
dental professionals. In the research front, much value and importance is to be placed on collaboration with
earth scientists on medico-geological projects. The Medical Geology discipline warrants the expertise, in the
field of medical, environmental, hydrogeology, chemistry, community health etc.; hence it demands
multidisciplinary approach for finding solution to Medical Geology problems. There is an urgent need to
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aggressively propagate the subject among the common men. GSI, being a nodal office and having a Pan Indian
network form a Regional Council on Medical Geology (RCMG) with representatives drawn from various
departments in India as its members to maintain close liaison with the International Medical Geology Association
(IMGA) as recommended during the proceedings of Workshop on Medical Geology, IGCP-454 at Nagpur, 2004
(Mukhopadhyay, 2006). Atlas of Geotoxignes should also be created to educate policy makers, planners and
wider public which also helpful in urbanization and developing the smart cities.
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Modern society is gradually realizing and acknowledging the edge of Geological Sciences over other natural
sciences in India as well as overseas countries. The impact of accelerated growth of the economy is visible in the
form of industrial development, rapid urbanization and focus on infrastructural support, more and more agrarian
output for the exponentially growing population and integration of rural economy with the urban one as a result
of globalization. The effect of anthropogenic activities on our planet has always been taking place, imperceptibly
in the dawn of human civilization but could only be felt slowly and gradually with the passage of time. These
effects have assumed such an alarming dimension in the post-industrialization era that many geological milieu
and associated natural processes are getting altered at an unprecedented faster pace. This is definitely a matter of
grave concern which has hardly been evidenced in the history of human existence on earth. Such undesirable
changes are interfering with the natural earth processes thus leading to grave consequences in the form of
enhanced frequency and natural disasters in modern times. So profound has been these effects of anthropogenic
activities on earth system that geoscientists have named the current geological time interval as “Anthropocene”.
We need to understand the impact we are having on our planet and its Environ to ensure a sustainable Earth and
to encourage the environ-friendly and eco-friendly use of earth. Geosciences, thus, is going to play a significant
role to address the issues which control the delicate link between man and nature. Thus role of Geosciences has
become more relevant than ever before, to ensure a conjunctive use of natural resources, scientific management
of the domestic and industrial wastes, a deeper understanding of the complex interactions among the subsurface,
land, sea, air and life in the Earth system.
We need to evolve a development strategy for sustainable growth of the society taking contemporary advances
and emerging concepts in geo-scientific domain into consideration. This is sine-qua-non to mitigate the challenges
of Anthropocene in the modern world of 21st century.

By 2050, two out of every three people (roughly 67% of the world’s human population) in the world will live in
cities or urban settings (UN 2012). Today urban centres comprise only 2% of the earth’s land surface but
contribute about 80% of the world’s Gross Domestic Product. This scenario, which can further tilt the scale in
course of time and modernity, may aid in creating a contaminated environment which will not only adversely
affect the human health but cause a collateral negative impact on the ecological integrity and adversity. Urban
Geology invites attention with an urgency which unfortunately and callously remained little appreciated. Urban
population has consistently been growing more rapidly than the rural, all over the world as well as India. The
intensity, pattern and rate of urbanization has warranted the active involvement of the geo-scientific community
in shaping urban geomorphology in tune with the changing landscape, monitoring the constant interactions of
surface and sub-surface phenomenon, the surface erosion, effective drainage system (storm water management)
to avoid water logging and flooding, increasing surface run-off leading to reduced recharge in the groundwater
and constant depletion of the Water Table, management of industrial wastes and effluents, a well established
sewage disposal and a network, potable water without surface and sub-surface contamination are needed. The
relationship between natural and built environment is to be understood well in advance to preclude or minimize
the disadvantages and fortify the merits and achievements. Urban Geology has much wider and extensive
connotation outside the gamut of engineering geology, seismic microzonation and earthquake preparedness.
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Urban geochemistry is an emerging area where detailed study is needed on top priority in order to comprehend
the much complex geochemical cycle – elucidate and quantify the source, transport, transformations and effects
of the polluting chemicals in the urban environment, to recognize the spatial and temporal variability in the
process, biogeochemical cycles and human and ecosystem health. The greatest concern is that urban pollution
has multiple source and origins and the pollutants may be transported beyond the urban setting and to a great
and imperceptible extent, can impact the geochemical cycles on the local, regional and even on global scale.
Human activities have affected every elemental cycle on the planet. The introduction of trace elements through
smelting and manufacturing and an increase in nitrogen and phosphate fluxes through fertilizer addition is a
comprehensible phenomenon. In fact, human activities have likely dominated and perturbed the global cycle of
most elements other than the alkali metals, alkaline earths, and halogens (Klee and Graedal 2004). A 2011 study
indicated that 2.45% of the global population will be diagnosed with bipolar disorder sometimes in their lifetime
due to Lithium contamination. Lithium is difficult to remove from solution and urban wastewater-treatment
effluent has been demonstrated to have elevated concentration of Li. This Li is thought to be from pharmaceutical
use, and is an excellent tracer in urban aquatic systems (Bather etal. 2006). Another concern is the Urban Halo
Effect (Diamond and Hodge 2007) which means partial transportation or movement of urban generated waste or
pollutants beyond the urban limits – an important downstream issue in many rivers. Ganga Action Plan, as
launched by Government of India, perhaps can address similar issues.
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Fluoride contamination in ground water is a serious health and environmental problem in many parts of India. A
concentration of fluoride less than 0.8 mg/l in drinking water may result in dental caries, while high concentrations
above 1.5 mg/l may cause an endemic disease called dental fluorosis (Handa, 1975; WHO, 2006). There are
spatial and temporal variations in the quality of ground water which is primarily governed by the extent and
composition of dissolved solids present. In Tonk District, Rajasthan, the presence of fluorine within biotite was
confirmed through EPMA and the study convincingly suggests that the geogenic source for fluoride contamination
in the area is due to leaching of fluoride from biotite mineral occurring in banded gneiss, biotite gneiss and
garnetiferous biotite schist in the affected area (Jaiswal,2017). Remedial measures for removal of fluoride from
groundwater by established Nalgonda Technique is quite effective. The core infrastructural elements characterizing
a smart city where Geoscience can play a leading role are - ensure adequate water supply, solid waste management
and sustainable environment. Arsenic is naturally found in ground water and presents serious health threat when
found in concentration more than 10ìg/L (current recommended limit of arsenic in drinking water as per provisional
guideline 4th Edition, WHO, 2011). However, millions of people around the world, especially in Bangladesh,
and many parts of West Bengal, Jharkhand, Bihar, Assam, Manipur, Uttar Pradesh and Chattishgarh are either
reported to be most affected by arsenic contamination of groundwater above the permissible level or are exposed
to arsenic at concentrations much higher than the guideline value. Arsenic is one of WHO’s 10 chemicals of
major public health concern and thus needs immediate control, if not the remedy. The task of the Geoscientists
would be to identify and delimit the area affected with Fluoride and arsenic contamination and ensure alternate
arrangement of potable surface water through pipeline from nearby water bodies – lakes, rivers or canals.
Suitability of water from irrigation point of view is also another area of concern, particularly in the rural sector
as it can enter into the body of the crops and thus in turn can cause harmful affect on human being. Electrical
Conductivity (EC<250 is suitable, >2250 is unsuitable), Sodium Adsorption Ratio (SAR<6 is suitable, >18 is
unsuitable), Percentage Na+ (> 60 unsuitable) are important parameters for determining the suitability of
groundwater for irrigation.
Framing guidelines regarding extraction of ground water for both domestic and commercial purpose (industrial
as well as agriculture), quality of irrigation water, regulations regarding dumping and discharge of industrial
effluents, biomedical waste, selection of sites foe waste disposal, arrangements of potable water in arsenic and
fluoride affected areas along with proper town and industrial planning are of utmost importance to take care of
the rapid urbanization.
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Abstract

Smart cities are the result of rapid growth and well planned view of urbanization. Government of India has
proposed 100 cities across the country to develop as smart cities. Dharamshala is one the cities across the state
of Himachal Pradesh which has been selected as smart city by Union ministry for Urban Development. It was
selected in the 2nd round of selection of smart cities on 24th May, 2016. The government mission is to develop
Dharamshala by making it as satellite town of larger cities and modernizing it. The major challenges faced
during the development of Dharamshala are urban sprawl, degradation of land-use &land cover areas and mass
movement of land in hilly terrain of the city.
Due to a major tourist attraction the city is facing uncontrolled construction of buildings comprising construction
of hotels, restaurants and guest houses. Most of the construction work carried out is illegal and the process is
going on in full swing. By the growing tourism in the city around 90% of the local people are into secondary and
tertiary business activities by running the hotel business from a part of their homes. Uncontrolled urbanization is
also leading to untreated open sewages, insufficient toilet facilities, insufficient supply of drinking water and its
contamination, inadequate management of solid waste, no proper sewage disposal and increasing air and water
pollution.
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Deforestation is increasing day by day due to growing population every year. This is making a huge declination
of various species of Flora and Fauna. Land under agriculture has also decreased due to over population. With
the haphazard growth of the town, several problems have turned up in the area like traffic congestion and
parking problem, the land use pattern has changed entirely with most of the local inhabitants selling their lands
to the real estate developers and builders.
In Himachal Pradesh, the maximum landslides are recorded in Dharamshala. Landslides in the city has brought
down a significant portion of hill and washed away roads and retaining walls along it. The frequency and
magnitude of slope failure are increased due to manmade activities such as road construction, deforestation and
urban expansion.

We are using various methodologies for analysis like simple tabulations, bar diagrams, statistical and mapping
techniques to represent the geo-environmental issues. The analysis of the study reveals that there is growth of
urbanization which led to several geo-environmental problems. We are also trying to acknowledge the mitigation
of geo-environmental challenges faced by the city. Our analysis will be a useful asset to the development
towards a smart city. By the satellite data obtained through the remote sensing and integration of GIS, we are
trying to show the urban sprawl, demonstration of land use/land cover changes and major landslide problems in
the city of Dharamshala. We have also associated the other statistical datasets of the district from the government
organizations. The techniques we used to find the urban sprawl is change detection of previous 10 years satellite
data with the help of GIS. We are doing the supervised classification of previous year’s data to detect the
changes in land use/land cover of the area. Besides, heavy rainfall, floods and earthquakes which induces
landslide is illustrated by the landslide zoning map of Dharamshala city of Himachal Pradesh.
135

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

River Setback for settlement planning in
Melamchi municipality of Sindhupalchowk district, Nepal
Chandani Bhandari
Geotech Solutions International Pvt. Ltd., Kalika Marga, Lalitpur, Nepal

Ranjan K. Dahal
Central Department of Geology, Tribhuvan University, Kritipur, Nepal

Anita Shrestha
Geotech Solutions International Pvt. Ltd., Kalika Marga, Lalitpur, Nepal

M
O

Manita Timilsina

Geotech Solutions International Pvt. Ltd., Kalika Marga, Lalitpur, Nepal
E-mail: chandanibhandari09@gmail.com

Abstract

I
SA

Among various disasters occurred in Nepal, floods are the most devastating in terms of the death toll and
damages. A study by UNDP ranked Nepal as 30th country with respect to relative vulnerability to flood (UNDP/
BCPR, 2004). Considering the risk of the floods, Melamchi Municipality carried out the flood inundation
mapping and based on it, they have developed settlement plan specifying the river setbacks (Dahal, 2012). River
training works were considered as a prime work of Municipality to protect the river bank and settlement lying
along the bank that doesn’t seem to be enough. Therefore, settlement plan was developed to implement building
bylaws and discourage local people to build house or permanent structure in the flood plain in order to avoid
damages from floods in future. Public opinion survey was conducted to determine the public opinion on the
effectiveness of the settlement plan and bylaws for settlement along the Melamchi and Indrawati River. For this
purpose, a total of 102 households were questioned amongst the age group of 20-80 years of age who were
mainly involved in farming and residing in Melamchi area for at least 5 to 10 years. Interestingly, the people
were found to be reluctant to accept the fact that their settlement area is in flood plain or in unsafe zone
considering the floods hazard scenario. On the other hand, River training works may reduce the bank erosion to
some extent but protecting the whole river section may not be feasible. Therefore, Melamchi Municipality has
adopted the setback criteria of 20-100m (depending upon the site) to construct any permanent structure or
settlement from the river bank. 50% of the people perception was positive but they complained that the setback
criteria should be decreased and few of them have the view that there should be no such criteria even knowing
their vulnerability towards flood.
Keywords: Settlement Planning, River Setback, Flood Hazard, Public Opinion Survey
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40 km slide, on National Highway-31A is located at 40 km distance from Sevoke Bridge towards Gangtok on
the convex bend of Tista River has been reactivated after heavy monsoon in 2007– being initiated in 1968
affecting 600m long road stretch with 194m elevation difference. The area under study belongs to Daling
Group of Gorubathan Formation where phyllite and phyllitic quartzite are the main rock types. Geotechnical
assessment of the slide was done by carrying out detailed geological mapping followed by determination of
geotechnical parameters of rock and soil in order to finalise the slope stabilisation measures. The entire landslide
has been subdivided in to three different zones depending on the degree of instability within the slide zone. It
includes a prominent active slide towards Rangpo end (Zone-I), a reactivated subsidence zone (Zone-II) towards
Melli end near 40km stone and a middle metastable zone (Zone-III).

I
SA

Zone I: The main active rock slide zone is located at the south eastern part of landslide. Upper part of the slope
(general slope angle 30o-35o) consists of weathered, jointed and folded phyllite. Slope just above road bench
also shows presence of highly weathered and decomposed phyllite /quartzitic phyllite. The zone between two
rock ledges in upslope shows presence of thin slope wash consisting of silty sand mixed with phyllitic rock
debris. Bottom slope below the road bench up to river bed shows presence of recent slide debris. A number of
5m-30m long, curvilinear, deep (10-30cm) & 4-8 cm wide cracks (concave towards road bench and dipping
away from the hill) have been noticed indicating shallow translational movement. Mainly planer failure and
block failures are common.

Zone II: Old slide zone and subsidence- This stretch is located between two nalas flowing towards North West
direction and join Tista River. Border Roads Organisation constructed water chutes along these nalas for having
cascading effects. Entire thickly vegetated and moist slope mass shows presence of slope wash material
consisting of pale greyish brown to buff coloured sandy silt/silty sand of very low cohesion and plasticity and
high permeability mixed with angular to sub angular fragments of older slide debris material-consisting of
boulders / pebbles of quartzite, phyllite and schist. Slope above the road bench is moderate (30o). Steep slope
(40o) has been noted below the road bench. About 40m wide stretch is of the road has subsided by 1m -1.5m
near the second chute. Entire retaining wall below the road bench has totally broken. Huge cracks (N10o E-S10o
W) trending / 45o towards dip towards S80o W, 6cm width, depth >15cm) were noted on the retaining wall over
the road bench. Visual estimation indicates that the soil is of very low cohesion and high permeability. Border
Roads organization (BRO) informed that during the heavy monsoonal rain in July and September, 2007 excessive
discharge had been found in both the nalas / jhoras. This excessive discharge due to heavy monsoon caused
development of pore pressure within the soil and subsequent removal of the finer particle caused subsidence of
the area.
Zone III- This metastable zone is situated between main slide zone (Zone I) and old slide and subsidence zone
(Zone II). The area is mostly covered with slope wash consisting of dark grey colored silty sand and clayey silt
with low to medium plasticity with few pieces of rock. Exposures of phyllitic rock have been observed
intermittently along the road cutting. This rock is folded in nature and dissected by a number of joints. Intersection
of the joint planes result formation of minor wedges.
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Study of slope class map indicate that the most of the area show moderately steep slope (25o-35o) followed by
gentle slope (15o-25o), steep slope(35o-45o), very gentle slope (0o-15o) and very steep slope(>45o). The area
under study belongs to Slope class IIIb and IV indicating partially stable to unstable area where probable mode
of slope failure is planar and wedge failure with probability of failure is 0.4-0.9. In completely weathered and
decomposed rock with thin veneer of slope wash debris show SMR value of 10 (slope class V where mode of
failure, is soil like circular and the zones are completely unstable and probability of failure is 0.9. 40 km slide
complex shows both subsidence and slide. Retrogression towards upslope and enlargement along the flanks has
occurred. Slope movement is rotational in the upslope part and translational in down part.
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Main causative factor factors of the slope stability problem of 40 km slide are toe erosion by Tista River which
was facilitated due to change of river course by obstruction of recent colluvial terrace (accumulation product of
a major landslide on right bank in 1968) ,slope cutting at steep angle -for widening the road bench, presence of
closely jointed moderate to highly weathered and sheared phyllite with axial planar fracture cleavage , excessive
saturation, obstruction of drainage by predominantly silty sandy mass with consequent development of pore
pressure, loss of shear resistance and cohesion. Contributing factors of subsidence are removal of finer materials
through seepage. Earth pressure in combination with pore pressure on the breast wall /road side wall that caused
cracks in the wall.
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On the basis of relevant geological attributes, for slide zone and metastable zone-Chain linked shotcreting of the
exposed jointed rocks mass from road level up to the slide crown with adequate provision of drainage holes,
dressing of distressed hill slope in slide zone by removal of loose and jointed rock blocks and over hangs,
protection of the toe part across the recently active rock slide by providing RCC wall (to be founded on
rock),insertion of perforated pipes rock at the crown (shotcreted) portion in to the drain out the seepage water,
provision of catch water drain above the crown of both present and old slide scar for diverting the water from
entering in to the slope mass, proper maintenance of road side drains, provision of longitudinal road drains slope
and contour drains have been suggested. Excessive saturation, obstruction of drainage by predominantly silty
sandy mass with consequent development of pore pressure, loss of shear resistance and cohesion. For subsidence
zone, immediate repairing of damaged road part, provision of series of contour drain in subsidence zone filled
up with filter material-which is to be connected with two sides water chute, regular maintenance of road side
drain and provision of heavy retaining wall at the down slope part (to be founded on rock) were suggested.
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Abstract

The 8th Mile Landslide zone located at about 13 km from Gangtok on NH-10A (Gangtok-Nathula Road) on the
way to Nathula Pass (Figure 1) is a very old landslide, active since last several decades. The landslide zone is a
major trouble spot on the NH-10A, particularly during the monsoon, causing disruption of the vehicular traffic
along this route. In the light of the above, the landslide zone was taken up for detailed site specific study for
geotechnical evaluation and formulation of protection measures.
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The 8th mile Landslide zone is complex in nature. The general direction of the landslide is S20°W with slope
angle of 45-50° due SW. The slide zone has approximate dimensions of 1200 m (L) x 310 m (W) x 500 m (H).
The run out distance is 650m. The main rock types exposed are granite gneiss, banded gneiss/streaky gneiss,
white to grey quartzite, biotite schist of Kanchenjunga Gneiss and Chungthang Formation of Central Crystalline
Gneissic Complex (CCGC) of Central Himalayas with occasional presence of amphibolites and pegmatites as
intrusives. The entire area has very prominent NNW-SSE trending lineaments and 8th Mile Landslide zone lies
along one of them. The foliation generally trends N20-30°W/20-40°/NE and is mostly dipping into the hill. Four
prominent joint sets have been observed, of which 03 valley are dipping in different part of the slide zone.

The 8th Mile Landslide zone has been divided into three Slide Subzones namely I, II and III. Subzone-I and II
lies above the newly constructed alternate road connecting 3rd mile to 13th mile while the larger Subzone-III lies
below the existing NH-10A. The area between Slide Subzone I and II is occupied by litho-package consisting of
banded augen gneisses, garnet bearing biotite schist with occasional intrusions of pegmatites and amphibolites.
The Slide subzone-III below NH10A exposes mostly garnet bearing biotite schist/gneisses and quartzites. These
rock units are highly fractured and jointed in nature. Further, this subzone is mostly covered with Palaeo slide
debris.

Kinematic stability analysis of the 8th Mile landslide shows that most of the rock mass belongs to SMR Class-V
and IV (Very bad to bad) although few pockets also belong to class-III and II i.e. Normal and Good. The
kinematic analysis of the exposed rock shows that they are very prone to single planar or multiple wedge failure.
The rocks are more or less stable in present condition but are likely to fail at later stage depending upon the
assault of triggering factors like incessant rainfall, earthquake and changes in the slope morphometry due to
anthropogenic modifications.

The Geophysical resistivity survey reveals that the overburden in the study area is composed of soil/soil debris
followed by complex types of residual slide debris and boulders of granite/gneissic complex with varying
thickness (1.5 to 11 m).
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Figure 1 Location Map of 8th Mile Landslide, Gangtok-Nathula Road (NH-10A),
East District, Sikkim.

I
SA

During the detailed mapping, various types of recent disturbances and surface manifestations have been observed
in the entire stretch of the 8th Mile Landslide zone justifying its active nature. Thus, on the basis of overall
parameters, it may be concluded that this landslide zone is a reactivated, enlarging landslide, where overburden
material of earlier Palaeo slide and boulders of surrounding bedrock are involved in the mass movement. The
incessant rainfall, coupled with the toe erosion by two adjacent nalas meeting just below the NH-10A in the
central part of the slide zone and subsequent widening of the road have considerably increased the rate of
movement in the slide zone. Based on slope stability studies, measures like contour and toe drains, chute drains,
gabions, retaining walls of various dimensions, channelization of nalas, rock bolting and shotcreting were
suggested as per the site conditions for stabilizing the slide zones.
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Abstract

Geological investigations of a region, as a precursor for the analysis related to natural hazards and threshold
determinations, have become a premier topic of highlighted research and pioneer engineering in the Himalaya,
in the last three decades. This field has primarily gained importance with the sanctioning of engineering mega
projects in the Himalayan terrains, in terms of infrastructure development, urbanization, flourishment of the
tourism industry etc. Geological assessments of the sites are aimed for the characterization of the study area and
for the determination of various rock mass properties.
In this paper, studies have been conducted in the Kullu - Tikoli road section (NH-21), in terms of its geology
and structures to understand insights of the region and to determine the potential of various natural hazards in
the region viz. seismicity and earthquakes, landslides, cloudburst, flash floods, forest fires and snow avalanches.
In general, slopes along the road section appear to be stable and safe, however, at some places, the slope is
critical that need to be mitigated. At places, the rocks are even over hanging. Geological analyses have been
carried out at the critical slope sites and suitable mitigation measures have been suggested.
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The gamut of challenges to the potential natural hazards lies at every stages – from the identification and
characterization of source or causative factors, assessment of the impact before it makes an onslaught and
offering a cogent and effective short as well as long-term mitigation. What needs to be underscored is to
formulate Preparedness, Assessment and Mitigation, both from the point of view of vulnerability and risk. In a
country like India, where the landmass is beset with a diverse climatic, tectonic, lithologic and geomorphic
component that range in age from the Archaean to the Recent, and above all a burgeoning population - it poses
the real challenges to the scientific community, engineers as well as the stakeholders to obviate such scenario.
The Indian subcontinent has highly diverse seismotectonic set-up, ranging from the tectonically stable cratonic
regions to the orogenic and subduction belts of the Himalayas, one of the most seismically active regions of the
world. Earthquakes and landslides are two natural hazards which take a heavy toll on life as well as property.
Considering all the above, the need of the hour is to develop a well knit and robust mechanism to face the
challenges associated with landslides and earthquakes in order to protect lives, minimize the damages and save
the economy. This will certainly instill a sense of confidence among the people as well as the stakeholders.
Herein lies the role and synergy among the inter-disciplinary domain experts – Engineering Geologist, Geotechnical
and Civil Engineer and Seismologist.
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Every year, particularly during the Monsoon, landslide is causing enormous loss in life and property in the hilly
terrain of our country, which covers the entire Himalayan Mountain Chain in the north, North-eastern States,
parts of the Eastern Ghats, the Western Ghats and Nilgiri Hills in the south. This constitutes about 15% of the
land area i.e. about 0.49 million square kilometre of our country which is highly susceptible to landslide. Events
like Cyclone induced incessant and heavy rainfall; cloudburst, flash flood and localized active monsoon have
risen significantly in the past decade. The recent examples in the country is Kedarnath Disaster (June,2013)
which witnessed series of landslides, river blockades, breaching, flooding, river bank failures and lake outburst
flooding-occurred either in isolation or in combination. Monsoon cloudburst has marooned the state of Kerala
(August, 2018).
Programmes of Landslide Susceptibility Mapping, Site Specific Studies of Landslide, adopting Early Warning
System needs to be taken in the fragile Himalayan terrain which reports majority of the landslides and slope
instability related incidences and has strategic importance because of its association with the mountain range.
Alternate or diverted route through tunnels should be explored to ensure safe, shorter and 24x7 communication
routes. Slope stability studies will also help in site selection and uninterrupted operation of the airfields located
in these areas. Glacial Lake Outburst Flood (GLOF) is to be monitored in the upper reaches of the Himalayas to
prevent disasters in the downstream settlements for which slope stability studies are imperative.

Indian shield is dissected linearly with several passive and failed rifts which formed as a result of extensional
tectonics during the break-up of the Gondwana Supercontinent in Mesozoic period .These are the locales for
higher stress concentrations within the intra-plate region. These paleo-rifts are equally active and show varying
degree of seismicity. Some faults (Like Katrol Hill Fault in Kachh District, Gujarat) show frequent movements
with reasonable displacements and should be considered a force to reckon with posing as the source of high
seismic hazard. Therefore, identification and characterization of the active faults/seismic source zones are
essential in order to assess their role in seismic processes. It assumes added significance for any exercise related
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to earthquake hazard assessment, risk mitigation and preparedness. Seismotectotonically, nearly half of the
country falls under the moderate to very high hazard categories, reporting about 700 earthquakes of M 5 and
above, out of which some were highly destructive, e.g. Latur Earthquake in 1993, Jabalpur Earthquake in 1997,
Chamoli Earthquake in 1999,Bhuj Earthquake in 2001. The devastating and the deadliest natural disaster in
history of India was the Tsunami in 2004, which was a fall out of the Sumatra earthquake in the Indian Ocean.
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The first and foremost requirement is to make an assessment of earthquake hazards which involves consideration
of earthquake magnitude, intensity, frequency, probability of occurrence and their recurrence rates and intervals,
inventory of paleoseismicity of the area for a sufficiently long period and an account of past human experience
,for a comprehensive understanding and quantitative assessment. From the historical record of earthquakes it is
to be established whether there is any spatial correlation of the events with plate-tectonic movements or tectonic
set up. Assessment of seismic potential of the faults using modern techniques will fortify the seismic database.
Delineating the Geometry of the fault zone, identifying source directivity can give invaluable information
regarding estimation of strong ground motion which can be evaluated from Geotechnical Studies of soils and
studies of geologic as well as seismogenic faults. Correlations of fault dimension, nature and amount of
displacement, and the area with earthquake magnitude are normally utilized to assess earthquake hazards of
faults and constitute the basic inputs for carrying out risk analysis. Additional input like estimation of earthquake
recurrence rates and characterization of fault behaviour can help in more effective and dependable risk analysis.
Geophysical studies like Gravity, Magnetic and MEQ and GPR are very effective in Active Fault and Neotectonic
Studies and Segmentation of Fault System. Identification of Seismic Gaps can be of immense help in predictive
seismology to avert or forecast a major earthquake.
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The active fault studies carried out in India lack the detailed information regarding an individual fault, i.e. fault
type, its spatial extent, dip, strike, age, slip rate, age and magnitude of last event it generated, recurrence
interval, dating method, etc. and warrants a comprehensive or systematic approach. The research on active
faults can broadly be categorized into two major phases: (1) establishing the field relationship between faults
and strong earthquakes through the study of surface ruptures and (2) quantitative study of active faults determining
slip rate backed by seismic recurrence interval based on historical and paleoearthquake data. Detailed geological
information on the active faults is considered as an important input for seismic hazard estimation and mitigation
strategies as well as for planning critical facilities such as nuclear power plants, hydropower projects and other
important structures. Accordingly, active fault mapping should be undertaken in a more systematic and
comprehensive way.
To assess the response of engineered structures to strong ground motion, seismographs should also be installed
at various locations within such engineered structures, e.g., on bridges, overpasses, dams and in tall buildings.
The ultimate goal would be to perform ‘end-to-end’ simulations, starting with the rupture on an earthquake
fault, followed by the propagation of the resulting seismic waves from the fault to an engineered structure of
interest, and concluding with an assessment of the response of this structure to the imposed ground motion.
Since India has vast mountainous region like the Himalayas, Western Ghats and Eastern Ghats and some
isolated hills in other parts, Landslide hazard studies through installation of early warning system in the vulnerable
areas will be of immense help particularly during the rainy season. Sensitization and awareness among the local
people are required by which this task can be achieved successfully in the need of the hour. Similar actions will
also be beneficial in saving lives and ensuring safety in the event of an Earthquake.
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Abstract

In tectonically active orogenic belts like Himalayas, the risks associated with landslides are considerably very
high. The study area in parts of Shimla, Solan and Sirmur districts of Himachal Pradesh has been selected for
susceptibility mapping because of its potentiality for resulting disastrous landslides. The study area exposes the
rocks of Neoproterozoic to Neogene ages represented by Jutogh, Shimla, Baliana, Sirmur & Siwalik groups.
The area exhibits major folds and thrusts with regional trend along NW-SE. The MBT, MBF, HFT, Chail,
Kandaghat thrusts, Solan Window are the major tectonic features in the study area. Most of the landslides and
landslide zones are located in their proximity. A total of 1162 landslides were digitized of which, 746 landslides
were recorded in the field among which, the rockslide, debris slide and rock fall comprises nearly 82.3%, 9.2%
and 8.4% respectively.
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The high density of road network and extensive road cutting activities along NH-22, SH-06, SH-02 within the
highly shattered, fractured rocks of Sirmur Group has resulted in number of rock slides posing danger to life and
property. The thematic maps like Geomorphology, Land use and Land cover, Slope Forming Material (SFM),
Curvature, Slope gradient, Drainage, Fault/Fracture and Aspect inventory maps were processed using MultiIndex Overlay Method in Arc GIS, yielded decreasing influence of landslide with Landslide Occurrence
Favourability Score (LOFS) rating as 7, 7, 7, 5, 4, 2, 2, and 1 respectively. The susceptibility score map was
finally classified into ‘High’, ‘Moderate’ and ‘Low’ susceptibility zones covering 20% (235 sq. km.) with 82%
landslides (953 nos.), 22% (259 sq. km.) with 9% of the landslide and 58% (682 sq. km.) with 9% of the
landslide respectively.

All the high susceptibility zones and areas with existing as well as proposed major civil structures and urban
pockets falling in ‘moderate zone are also recommended for detailed/ landslide micro-zonation along with
detailed assessment of associated hazard and risk analysis. The ‘low’ susceptibility zones are suggested for
urban and industrial planning keeping in view the sufficient buffer distance from river/stream course and thrust/
fault zones, non-encroachment to active flood plains after applying proper control measures and as per specified
construction codes.
Keywords: Landslide, Susceptibility, LOFS.
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Abstract

The Himalayan terrain is highly active mountain range among the wide mountain chain /belt of the world. The
state of Himachal Pradesh is inherently prone to disasters, more so as it is a part of the Himalayan mountain
system. The study area (1488 sq km) falls in the Lesser Himalayan zone except for the south-western fringe
which constitutes the Siwalik foothill belts. Geologically the study area, a part of Lesser and Higher Himalayas,
exposes mainly Proterozoic and Tertiary rocks of Jutogh, Shali, Shimla, Darla-Tattapani volcanics, Baliana,
Sirmur and Siwalik groups of rock. Out of 661nos landslides, 245nos landslides incidences were picked up in
pre-field study, of which 202 incidences were validated in the field. Apart from this, 373 new landslide incidences
were mapped during the field work.
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The landslide susceptibility study using Weighted Multiclass Index Overlay method using various geofactor
maps like Land use Land cover, Geomorphology, Slope Forming Material (SFM), Depth/Thickness, Fault/
Fracture, Slope, Curvature, Drainage, and Aspect were crossed with landslide incidence map to obtain Landslide
Occurrence Favourability Score (LOFS) values given as 14, 12, 12, 12, 9, 6, 6, 1 & 1 respectively. The
susceptibility map of the study area revealed that 30% (446.4sq.km) as ‘High’, 30.17% (448.9sq.km) as ‘Moderate’
and 39.83% (592.7sq.km) as ‘Low’ zones. High zone is mostly located around MBT, MBF, Ghambar Thrust
and HFT near foot hills.
The results provide the qualitative estimate of landslide susceptibility of the study area, which are of important
societal value and can provide crucial inputs for regional land use planning and planning of risk reduction
strategies. All the high susceptibility zones and areas with existing as well as proposed major civil structures and
urban pockets falling in ‘moderate zone are recommended for detailed/ landslide micro-zonation along with
detailed assessment of extent of hazard and risk analysis. The ‘low’ susceptibility zones are suggested to be
made available for urban and industrial planning.
Keywords: Landslide, Susceptibility, Yule’s Coefficient, LOFS.
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Landslides have become the most recurring phenomenon causing immense and irreparable damage to people
and properties all over the world. In the context of Indian Himalayas, landslides have been an increasing menace
disrupting human lives, agricultural land. Recently, attempts have been made to determine rainfall thresholds
for various Himalayan regions. The primary limitation to define such limits the availability of historical precipitation
and landslide occurrence data which is the majorly the case especially in Kalimpong, Darjeeling Himalayas.
This paper presents a technique which would determine precipitation threshold values with limited data involving
daily rainfall and rainfall event parameters. This approach was applied to Kalimpong region of Darjeeling
Himalayas. After that, early warning levels have been chosen, and probabilistic limits have determined the
respective thresholds. The results determined shows that an effective warning system can be established and
could even be applied to regions which have been lacking threshold calculation due to limited data.
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The Indian Himalayan region has long been affected by rainfall-induced shallow landslides and is widespread in
the entire area. In recent years, several studies are being conducted across Himalayan belt to determine precipitation
thresholds (Froehlich and Starkel 1987; Sengupta et al., 2010; Kanungo and Sharma, 2014; Dikshit and Satyam,
2018). Depending on various scales of the study area, the study can be categorised as: local and regional studies.
To understand the effect of rainfall on landslide occurrence, two key factors need to be taken care of i) availability
and the quality of rainfall data and landslide information (Berti et al. 2012; Peruccacci et al. 2012; Gariano et al.
2015) ii) defining rainfall and landslide event (Guzzetti et al. 2007; Melillo et al. 2018). A rainfall event is
defined as a period of continuous rainfall separated from the preceding and the successive events of no rainfall
periods. Similarly, a landslide event can be described either as the total number of slides in a specific rainfall
period or counted as a single landslide event during the same period. Since, in this study, we are interested in
determining minimum rainfall conditions for landslide occurrences, a landslide event has been defined using the
latter case, i.e., if on a single day 5 landslides occurred it would be considered as 1 landslide event. The rainfall
event contains two important parameters rainfall duration (either in hours or days) or total/event rainfall (in
mm).

The approach utilised for this study mainly consists of two components: (i) the collection of landslide and
precipitation data (ii) evaluating the relationship between precipitation and landslide events using probabilistic
and empirical methods. The determination of regional thresholds in the Himalayan region has been vastly
affected due to the non-availability of sufficient rainfall and landslide data. This insufficiency has led to very
few works for the determination of thresholds using empirical relationships (Caine, 1980). The limitation of
data is such that only a few regions have hourly rainfall data and large areas have been covered by a single
manual rain gauge. The proposed method involves a technique that would help in determining thresholds even if
the data is limited. This technique works on the principle of finding a relation with lower and upper end of
landslide occurrence. A graph is drawn between rainfall intensity and cumulative rainfall and a correlation
between lower and upper limits of landslide occurrences. The limits are visually drawn by analysing the points
of landslide occurrences. This would help several regions in Indian Himalayan region to determine their regional
thresholds with an aim to set up an early warning system.
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The Himalayan region experiences heavy rains during monsoon and high reaches remain covered with snow for
the most part of the year serving as primary source of perennial rivers in the region. The geology of this region
varies from sedimentary origin to crystalline rocks with complex folding and neo tectonics make these rocks
fragile in nature. Landslides and flash floods are most commonly occurring natural hazard which can be attributed
to climate change. Other reasons for natural hazards include active seismic zones, increasing urbanization and
upcoming numerous developmental projects. This eventually has lead several researchers working in this field
to evolve best suitable methodologies for overall sustainable development. One such method suggested by
different workers is Landslide Hazard Zonation (LHZ) to know the appropriate factors that trigger the landslide
phenomenon in hilly regions. Maps delineating several parameters were generated with different types of multitemporal and various scales of remote sensing data. Inventory map was developed from Remote Sensing data
and past records which were verified through the extensive fieldwork. Degree of hazard in a landslide was
determined through Information value method. The landslide hazard map thus generated was classified on the
basis of their values into low, medium, high, and very high hazard zones. The results show that over 16.82%
area is liable to very low landslide hazard, 38.44% area is a low landslide hazard, 32.28% area is moderate
landslide hazard and about 12.46% has high to severe hazard within the study area. Successive rate curve
method was used for the validation of this map, with 68.03% of accuracy.
Keywords: Multi-temporal, Information value, Successive rate curve, Area under curve.
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1. Background Information:

M
O

Landslide is one of the major natural hazards in Western Maharashtra, which particularly is most prominent
phenomenon in parts of Western Ghat and adjoining Konkan region. In recent times, landslide incidences have
caused excessive loss to life and property. Rainfall has been the prime triggering factor in causing landslides,
but anthropogenic interference due to socio-economic developmental activities also facilitate in preparation/
aggravation of the slopes for failure. The paper highlights about landslide related issues pertaining to western
Maharashtra, their evaluation, challenges and strategies to be adopted for prevention and mitigation of landslide
incidences.
2. Evaluation of Landslide Incidences:

Geomorphically, the area forms part of Western Ghat Zone, comprising rugged hilly terrain, escarpments, &
topographic depressions and adjoining Konkan strip on its west representing flattish to low lying area. Geologically,
major part of the area exposes basaltic lava flow sequences (aá and pahoehoe) belonging to the Deccan Volcanic
Province (DVP), variants of acid and basic volcanic rocks belonging to Bombay Volcanic Province in and
around Mumbai and Precambrian basement in southern part. The bed rocks are overlain either by sandy to
clayey overburden and/or colluvium or they are capped by laterite that is largely “in situ” and occasionally
secondary/ transported.
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Three major types of landslides viz, i) Shallow Planar/translational failure ii) Rock Slide/Fall and iii) Slip
Circle/rotational failure have been identified in Western Maharashtra but the first type is the most prominent
that causes major loss to the lives and damage to property as compared to other two types. The shallow
translational slope failures are not instant in nature but the rock slides are rapid in nature and hit the dwellings
with great speed. It has been experienced that, besides topography and geology, the inclination of overburden –
rock (pahoehoe flow) interface and thickness of the overburden/regolith plays an important role in causing
shallow translational failures in western Maharashtra. The risk involved is directly dependant on susceptibility
of the overlying slope and the location of the dwellings/structures with respect to hill slope. The setup of
localities in western Maharashtra is very typical in the sense as people prefer to use flattish to gently inclined
piedmont slopes and topographic benches (skirting around the steep hill slopes) for cultivation purpose.
Unfortunately, the dwellings are constructed near the base of the hill slope and cut slopes of old stone quarries
(especially in Mumbai suburbs). Moreover, with passage of time, the people start encroachment towards hill
side by tampering/cutting back slopes at steeper angle for construction of hutments. The up-the-slope construction
is usually taken place after cutting benches either in the rock-mass or in the overburden material that overlies the
rock-mass. Therefore, steeper hill slope/steep rock-overburden interface & its day lighting due to cutting, close
proximity of the settlements to the back slope and its tampering by cutting & loading of upslope are paramount
factors in evaluation of landslide hazard in context to the western Maharashtra.
3. Prevention/ Mitigation of Landslide Incidences:

Though the landslides in western Maharashtra are one-time events contrary to that of Himalayan terrain the risk
involved and its implications are significant thus warranting systematic prevention and mitigation of such
events. In western Maharashtra, the land sliding is not an instant phenomenon in most of the events, and it
always show some indications in terms of subsidence, ground cracks or loose fall prior to occurrence. Therefore,
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it is felt that the slope failure incidences can be forecasted up to some extent and prevented/managed to large
extent. This can be achieved by adopting certain regulations, conducting pre-disaster studies for identifying
vulnerable locations, monitoring of likely vulnerable areas, creating awareness etc. There is need to formulate
certain land use policies/regulations especially for construction in hilly terrain and development of stone quarries
& cultivation fields. The policies may include that i) provision of sufficient buffer zone between habitation and
hill slope ii) avoidance of construction nearby the old quarry faces & potential landslide zones iii) strict avoidance
of cultivation in upslope of settlement zone iv) mandatory protection/stabilization of cut slopes by civil structures
(retaining/protection walls) and engineering methods (reinforcement by rock bolts, shotcrete in rock and soil
nailing & piling in overburden material) immediately after cutting, particularly along transportation routes and
old quarried slopes v) penalties for constriction/obstruction of natural drainages flowing from the hill slope and
directed towards the settlement zone etc. Pre-disaster studies like preparation of large scale (meso or micro)
susceptibility/zonation maps, preliminary assessment for identification of susceptible zones, preparation/updation
of landslide inventory etc. would immensely help in identification and pin pointing the vulnerable locations
where monitoring of hill slopes and site specific studies are required. Ignorance on basic hill slope management
concept by the local people and sometimes their casual approach induces many slope instability incidences
which can be avoided by conducting awareness/awakening programmes at various levels.
4. Challenges:

Theoretically speaking, it looks very simple that prevention of landslide can be achieved but in practical there
are many challenges. These include i) lack of sufficient place to cater the needs of fast growing population and
their management particularly in hilly and urban areas ii) improper management of natural and artificial drainage
networks iii) lack of baseline data (rainfall, landslide history, properties and nature of slope forming material)
for correlation iv) lack of integrated approach amongst local administration, executing agency, public and
technical experts v) lack of awareness in public regarding natural hazard; its mechanism, causes and impact vi)
sometimes lack of budget/funds vii) socio-political factors etc.
5. Conclusion:
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Considering the natural & socio-economic scenario of western Maharashtra and despite of several challenges,
the effects of landslide incidences and loss to life and property can be minimised up to certain extent by
conducting pre-disaster studies, adopting preventive measures, formulating and adopting strict policies for land
use and creating awareness in public.
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Abstract

Himalayas being the source of many river systems becomes the potential site for developing Hydro-Power
Projects. Reservoirs of the dam are located in the river valley where the slopes are mainly composed of river
borne material, slope wash material, debris material, rock etc. The presence of landslide within the reservoir rim
may cause damages to the infrastructure. Naitwar Bazaar landslide is one of such slide which is located in the
reservoir rim of Naitwar Mori Hydro-electric Project (NMHEP). The slide is situated about 700 m upstream of
proposed Naitwar-Mori Barrage on just opposite to the confluence of Rupin and Tons River.
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The Naitwar Bazaar area is located on a huge slide zone on either side of road to Jakhol. It is predominantly a
debris slide and is retrogressive in nature. The length and width of the slide are 480 m and 350 m, respectively,
having a height of 270 m and the orientation of the slide face is N45ÚW. The crown of the slide is located in the
upper reaches of the Naitwar Bazar (i.e. near Gaichwan gaon) at an elevation of above 1460 m while the toe of
the slide lies at El±1265m, near the Tons River, below the full reservoir level (FRL) of the proposed reservoir of
Naitwar Barrage. Downstream end of the slide at river level is marked at 1261 m and the upstream end of the
slide is at 1266 m. The overburden material comprises heterogeneous rock fragments of varying shape and
dimension imbedded in silt-sand-clay matrix. The material appears to be of glacial origin and is composed of
older well compacted debris comprising fragments of mica schist, gneiss and basic rocks of Central Crystalline
Group of Undifferentiated Proterozoic age. The area in particular lies within the rocks of Purola Crystallines
where the general trends of the rocks are NW-SE with moderate to gentle dip towards northeast. The area is
dissected by many nala among which Phanal Nala is the major perennial nala which flows along the entire slide
length from crown to the toe. Many longitudinal, transverse and arcuate cracks with different orientation and
dimension were observed within the slide zone. Cracks and differential settlement in building, subsidence in
road, tilted trees indicate continuous subsidence in the area.
Geological and geotechnical assessment of the slide encompasses the stability analysis along the slope and
factor of safety (FOS) has been calculated for three different conditions viz. a) fully drained slope for dry
condition, b) partially saturated slope and c) saturated slope condition for surface recharge due to heavy rain.
FOS for fully drained slope, partially saturated slope and saturated slope are 1.24, 0.81 and 0.61, respectively,
indicating that the slope is stable in dry condition while it is unstable during partially saturated and fully
saturated condition.
The fluctuation of water level during FRL and maximum drawdown level (MDDL) can adversely affect the
stability of the slope near the toe of the landslide which will subsequently create instability in the upslope area.
Toe protection measures in the form of gabion wall/concrete cladding etc., grading of the slope, lined contour
drain, training of perennial nala etc. have been suggested as remedial measures. Further, instrumentation in the
form piezometer, inclinometer, creep meter has also been suggested for continuous monitoring of movement
along the slope.
Keywords: Landslide, Factor of Safety, Slope Stability, Geotechnical Assessment, Hydroelectric Project.
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Hilly state Uttarakhand of Northern India is among most common spectator of occurrence of landslides
every year, particularly in rainy season. The landslides toll loss of life as well as damages to infrastructures and
damages and blockage of important pilgrim routes. Wazri landslide, also known as Ozri slide is one of the large
mass movement on NH-94, located about 1km upstream of Wazri village on right bank of River Yamuna. This
is an old landslide initiated in the year 2003 and subsequently reactivating almost every year in rain period. The
reoccurrence of landslide in September 2017 damaged about 250 m stretch of Yamunotri highway (NH-94).
Recently, this slide was again activated in July, 2018 and damaged and blocked the NH-94. Preliminary geological
study has been carried out to evaluate the probable causes, damage and risk to various elements. The area is
rugged, highly dissected with deep valley and steep mountains. The exposed rock belongs to Central Crystalline
Group comprising of foliated augen gneiss, granitic gneiss, schistose quartzite and metabasic. Thin cover of soil
in crown part of slide has also been observed. A major regional tectonic plane known as Main Central Thrust
(MCT) is passing downstream of the slide area. The rock exposed in slide area is traversed by three to four sets
of joints including foliation. Based on the preliminary geological study, it appears that the landslide has triggered
due to incessant heavy rain fall. The rock mass in crown part is highly jointed/fractured and shattered and seems
to behave like loose material. The joint data have been collected at few places along highway and analyzed
kinematically to know the formation of potential surfaces of slope failure. The stereo plots of joint data by
assuming Ø for gneiss 35° for upper slope show potential for wedge, planar and some toppling slope failure. Slip
circle analysis will be carried out for further analysis. The study can be useful to local administration, designer,
planar and contractor those are engaged in construction of safe all weather communication route in Yamuna
valley.
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Abstract

Landslide inventories prepared manually from remote sensing data / through field surveys have shown to be
useful for preparation of landslide susceptibility maps. Recent literatures show several studies have been carried
out to prepare landslide inventories from satellite data by automatic methods. However, validation of those
inventories is important to understand their nature and distribution in the field. In the present work most of the
landslides were validated and a terrain-based weightage index landslide susceptibility model was generated to
understand the relationship between landslides and geofactor/ thematic maps. The present study area encompasses
an area of 1325 sq km in parts of Shimla and Sirmour districts of Himachal Pradesh. National Highway - 22
(NH-22), one of the strategically important communication routes connecting Chandigarh – Shimla – Narkanda
– Rampur. Geologically the rocks of Kulu, Jutogh (Undifferentiated Proterozoics), Shali (Meso-Proterozoic),
Simla & Jaunsar (Neo-Proterozoic) and Sirmour (Paleocene-Eocene) Groups exposed in the study area.
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The methodology includes preparation of nine geofactor thematic maps, calculation of Yule’s Co-efficient and
Landslide Occurrence Favourability Score (LOFS) for each thematic map by quantifying spatial association
between landslides and each of the thematic factors. The susceptibility map indicates about 20% (265km2) of
area falls under ‘High’ landslide susceptibility zone. These are mostly located in the areas of Chhaila – Kufri Matiyana, and Arhal villages. About 30% (394.02km2) of study areas falls under ‘Moderate’. Analysis of interpredictor weights revealed that the maximum weight was obtained for Land use and Land cover (weightage=12).
Keywords: Landslide, weightage, susceptibility, Theog, Shimla
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Imja Glacial Lake is the glacial lake that was formed at the foot of the Imja Glacier on the lower part of the Imja
Glacier in East Nepal. The lake is expanding continuously as there was no lake till 1950 but later couple of
ponds were seen. Small supra-glacial pond was found to be increased slowly and now it has attained an area of
1.055 km2 as the growth rate of the lake increased to 0.025km2 from 2000 to 2009. Hence, it is considered as
one of the dangerous glacial lake of Nepal. So, in 2016, the lake lowering project by Nepalese Army was done
by constructing an outlet and had drained over 4 million cubic meters of water from the lake.
The research is mainly based on the study of rockfall events on the southern and northern slope of the Imja
Glacier Lake. The southern slope of the lake does not have critical problems of rockfall but on the northern
slope, the rock boulders have probability to reach up to the lake after the detachment of rock from the cliff of the
IslandPeak. Rockfall simulation is performed on southern and northern slopewhere different plots were defined
for simulation. Among them, the plot III seems to be the most hazardous since the detached boulders on the
higher elevation can enter into the lake with the maximum velocity of 40 m/s and pre- impact energy of 3,577
KJ. This can develop tsunami surge in the lake which can break the moraine embankment of lake. This leads to
threat to the communities of downstream. This research confirms that the rockfall hazard in the higher mountain
region of Nepal are critical to create flash floods in the river either from glacial lake outburst floods or from
snow avalanche. For the case of Imja Glacier valley, the flash flood is possible in downstream after the tsunami
in lake.
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Figure 1 Rock fall hazard zones of Imja Glacier Lake.
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Abstract

Landslides are a major hazard in various parts of the country especially in the Himalayas. Also known as a mass
wasting, it has different forms and types for which detailed studies have been conducted extensively and
intensively in the various parts of the world. Few studies on the slides have been conducted during construction
stage of various hydel projects viz., the Beas dam in Himachal Pradesh across Beas River, Garwhal, Rishikesh,
Chilla Hydroelectric project on the left banks of Ganga River, Bairasuil hydroelectric project in Chamba district
of Himachal Parades. Ariel photography was helpful to identify them and studies were carried out to understand
the geomorphology and geological set up of the project.
It is strongly recommended and suggested that GSI, IPI Dehradun, NRSA, Hyderabad, NHPC and NHAI should
be involved to demark slides and study them. The existing studies of the major and existing landslides for the
proper evaluation and studies for the various stages of project development works. In order to avoid the damage
caused by the slides. The slides can be treated, protected and stabilized by adopting methods of treatment. The
Projects undertaken, the slides have become stabilized and the projects are functioning since the date of
completions. (1974 -1984) the details are discussed in the paper.
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Abstract

The state of Uttarakhand experienced flash flood disaster on 16th and 17th June’ 2013 caused by intensive rain in
the region. The flash flood induced numerous landslides causing widespread human, material and environmental
losses besides affecting society in many ways. GSI initiated the post-disaster slope stability assessment in the
five worst affected districts of Uttarakhand. Preliminary assessment of slope stability in the worst affected
Rudraprayag district and Pithoragarh has been briefly discussed in the present paper.
Rudraprayag District

In the first phase, the GSI team traversed the disaster affected areas of Rudraprayag district with the objective of
collection of relevant geo-parametric data on various landslides for updating the landslide inventory. Short term
and long term stabilization measures have been suggested to Border Road Organization (BRO) officials at site
itself, and the same has also been mentioned in the landslide inventory datasheet of interim report submitted to
Govt. of Uttarakhand in the month of January’ 2014.
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In the second phase, geological assessment was carried out in parts of the Rudraprayag District covering three
major river valleys namely Mandakini, Kali Ganga and Madhyamaheshwar Ganga spread over three Tehsils viz.
Rudraprayag, Jakholi and Okhimath. The objective of the study was to examine the geological causes of flash
flood induced landslides, and the nature and extent of damage pattern, in order to evolve futuristic plans for
further detailing of landslides vis-a-vis effective mitigation measures through close interactions with all
stakeholders. The National Highway No. 109 is not only the major communication route of the district, but also
a life line of the hilly district, therefore, due attention has been given to assess the stability of slope along the
road network.
Geological assessment has been carried out in the Kedarnath Township, covering approximately 0.5 Sq. km
area. Glaciological, Geophysical and Ground Penetrating Radar (GPR) studies have also been carried out in
Kedarnath Township including holy temple complex. GPR profiling covering 385.56 line meters with help of
17 traverses were taken around the holy Kedarnath temple premises. The undulatory topography below the
temple premises has been interpreted by using GPR data. Prima facie, the GPR survey also reveals that there has
been no major damage to the foundation of Kedarnath Temple.

The present study reveals that the excessive rainfall between 15th and 16th June, 2013 and the breach of Gandhi
Sarovar (Chorabari Lake) on 17th June, 2013 destroyed almost everything that came in its way. The temple
structure and sanctum-sanctorum, however, escaped miraculously. There has been only minor damage to the
outer part of the main temple structure.

The Kedarnath Township area is located in a geologically/meteorologically high hazard terrain. However, in
view of the religious, cultural and strategic significance of the Kedarnath area, various safety measures and
protection works have been recommended. In addition, geologically suitable location, downstream of the present
Kedarnath temple has also been identified for development of new Kedarnath Township.
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Total ninety eight (98) incidences of mass wasting in the Rudraprayag district were recorded. Sixty six (66)
mass wasting incidences have been observed between Rudraprayag and Gaurikund on NH-109 alone. These 98
mass wasting incidences have been categorized into three groups viz. landslides, subsidence and bank erosion.
Out of these 98 mass wasting incidences, 76 are landslides (56 debris slides; 17 rock-cum—debris slides; 3 rock
slides), 19 river bank erosion incidences and 3 subsidence zones.
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In addition to mass wasting incidences, geological assessment of 38 villages has also been carried out. Out of 38
villages, 21 villages are as per the list given by the Disaster Mitigation and Management Centre (DMMC),
Govt. of Uttarakhand. The worst affected villages are Kedarnath, Rambara, Gaurikund, Sonprayag, Chandrapuri,
Ganganagar, Baniyari, Vijaynagar, Agastmuni, Silli and Sumari located in the Mandakini valley, and Kalimath
and Kunjethi in the Kali Ganga valley.
Prima-facie, the main causative factor responsible for triggering the swarm of landslides is the heavy and
incessant rain enhancing the discharge of Mandakini River and its tributaries to unprecedented levels. Blockade
of natural drainage by means of anthropogenic encroachment has been one of the most important factors leading
to heavy loss of life and property, particularly in the areas located close to the river bed and active flood plain.
Suitable recommendations for preliminary stabilization of hill slopes, restoration of road connectivity, realignment
of road network and relocation of affected villages have been made at each location and, accordingly, landslide
inventory data sheets have been updated.
Pithoragarh District

During this period, the prominent glacial fed rivers in Pithoragarh district namely Dhauli Ganga, Gori ganga and
Kali Ganga rivers played havoc causing heavy damage to life and property, particularly, in the downstream
areas. The rivers with unprecedented discharge swept away many communication routes, settlements/houses
located in the villages on the banks of these rivers and led to emergence of new slides and reactivated the old
slides.
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The preliminary slope stability assessment studies of affected areas of Pithoragarh district, Uttarakhand was
carried out in the event of the natural disaster. The objective of the study was to i) update macro-scale landslide
inventory database of the area (1:50000 scale) ii) evaluate the causative factors, iii) identify susceptible locations
of fresh mass wasting and failures, iv) preliminary assessment for effective mitigation measures for restoration
of roads along National Highways and State Highways, v) preliminary evaluation of the proposals for realignment of NH and SH, wherever required, and identification of locations for further site specific studies, and
vi) geotechnical assessment for feasibility of the locations provided for rehabilitation/relocation of settlements/
villages in Pithoragarh district.

The study area predominantly comprises rocks of Central Crystallines, Garhwal Group with acid intrusives.
Preliminary geotechnical studies were carried out in Seraghat- Thal (road section), Thal-Munsyari (road section),
Munsyari- Milam, Munsyari-Madkot-Jauljibi (along Goriganga, road section), Tawaghat-Dharchula- Jauljibi
(Along Kali river; road section), Jauljibi-Didihat-Thal (Road section), and Thal-Pithoragarh (road section),
covering different parts of the district. Thus a macro-scale landslide/ subsidence/ river bank erosion leading to
mass wasting inventory database of the area (1:50000 scale) was prepared for these sectors. The possible
causative factors have also been evaluated for each location.
The highlights of geological/geotechnical investigations carried out between 18th September and 1st October,
2013, wherein quantitative target of 350 LKm and 63 incidences of landslide, subsidence and toe cutting leading
to river bank erosion, as per 41-point landslide inventory format, have been incorporated in the paper. Site
specific recommendations and remedial measures have also been discussed.
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1. Introduction

Himalayas are one of the mightiest mountain ranges in the world with immense, untapped hydropower potential
(184 GW in India; CEA2018) due to several rivers originating from its glaciers. On the contrary because of its
unique geotectonic setup, Himalayas also comprise the highest seismic zone-IV and V of the country. Irrespective
of this large hydro potential has attracted several developers to venture into some big hydropower projects in the
Himalayas. Himalayas have some large hydropower projects of the country like Tehri, Bhakhra Nangal, ChameraI, Salal etc. running successfully for past several decades.
In recent years however, environmental hue and cry against development of hydro projects has started raising its
head. One of the reasons cited is the occurrence of Reservoir Triggered Seismicity due to the poundage of large
dams in highly seismic Himalayas. Till date however there has been no cited example of RTS in the Himalayas.
In order to satisfy the fear psyche of common public a systematic and scientific approach can be adopted by the
hydro sector for assessment of RTS in the Himalayas.
2. Factors and worldwide examples related to Reservoir Triggered Seismicity
Factors influencing RTS include:

Pore Pressure: The increase in the pore pressure due to impoundment increases hydraulic pressure within
rock mass which ultimately exceeds the rock strength causing RTS.

ii.

Height of dam and Volume of the reservoir: Height of dam and volume of reservoir is important for RTS.
In general most of the events have occurred if dam height is more than 100m and volume exceeds
500Mm3. Accordingly, NCSDP also recommends MEQ study for projects with dams of height>100m.
MEQ studies are helpful in identification of thrusts/faults within reservoir area and this data also serves as
a sample data of seismicity before impoundment.

iii.

Duration of RTS: In general, it is observed that RTS occurs for few years after impoundment and beyond
which the stresses get stabilized in the area.

iv.

Type of faulting: Most RTS occurrences have been reported for strike slip/normal type of faulting. In the
Himalayas, the thrust mechanism is predominant making them unfavorable for RTS.

v.

b value correlation: The relative number of small to large reservoir triggered earthquakes, the GutenbergRichter b-value, is often comparable with background seismicity in the region. This indicates that the
overall seismicity of a place remains same irrespective of the construction of a dam.
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i.

The historical details of RTS occurrences worldwide cited in the paper have been meticulously compiled from
various technical sources including instances from Europe, USA, Australia and Indian subcontinent. Seismicity
due to Koyna reservoir along with possibility of RTS in the Himalayas has also been delved with in detail. The
theory of RTS and why its plausibility in the Himalayas can be negated have been argued on scientific grounds.
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3. NCSDP guidelines
NHPC has been carrying out seismic studies of its projects as per the guidelines laid down by National Committee
on Seismic Design Parameter Studies for river valley projects (NCSDP), GOI. It is mandatory for large dams
(h>15m) falling in Zone III/IV/V. MEQ studies are recommended for large dams of height greater than 100mand
specialized studies like LET/MT are recommended for dams height > 200m. The seismicity data for these
studies is collected by setting up of a seismic network for a minimum period of six months before filling of the
reservoir.
4. Pre &Post-construction Seismic Studies by NHPC
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NHPC has conducted pre construction specialized seismological
studies for projects like Bursar & Kwar (J&K), Subansiri Lower
Project & Dibang MPP (Arunachal. Pradesh), Indra Sagar (MP),
Tamanthi (Myanmar) & Chamkarchu-I (Bhutan). The seismicity
data from these studies will be used for comparison with post
reservoir filling seismicity data.
NHPC has installed accelerographs at all its power stations for
seismic monitoring. In order to handle earthquake data in an
organized and efficient way, Real Time Seismic Data Centre
has been developed at its Corporate Office, Faridabad and about
Figure1 Schematic of data collection
46 accelerographs installed at all of its power stations have been
network at NHPC
connected to the data centre for online seismic monitoring. From
the findings of the earthquake data collected through this network
it is observed that the PGA generated by some big earthquakes of magnitude as great as 7.9M is much smaller
than the design value of structures.
5. Proposed Plan for RTS assessment

6. Conclusions
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A detailed plan has been worked out to assess RTS in hydro projects with special emphasis to the Himalayas.
The plan includes identification, planning, monitoring and assessment of RTS. Measures to be taken up post
assessment of RTS like controlled reservoir impoundment, seismic monitoring has also been dealt with.

RTS in Himalayas: From the detailed assessment of historical events, assessment of tectonic setup of the
Himalayas, factors affecting RTS in general it is observed that incidences of RTS in the Himalayas are not
common. Moreover, the incidences of RTS in the Bhakhra, Mangla and Tarbela dams have resulted in the
decrease of overall seismicity of the region. Also some big projects of NHPC like Chamera, Salal and
Teesta V are functioning effectively for the past several years without any incidence of RTS. This is
because of the prevalence of thrust environment which results in mobilization of stresses towards stability
with reservoir impoundment.

RTS assessment Plan: For detailed assessment of RTS in large dams of height>100m and reservoir volume
500Mm3 a pre and post impoundment plan for seismic monitoring and analysis has been laid down. From
comparison of the pre and post impoundment seismicity around the reservoir if any indication of RTS is
found then proper remedial measures like controlled reservoir filling, seismicity hazard assessment are
proposed.

Seismic Monitoring by NHPC: To deal with the fear psychosis of public regarding construction of dams in
the high seismicity zone of the Himalayas NHPC has developed a Real Time Seismic Data Center for
centralized online seismic monitoring of all its projects. A permanent seismic monitoring network is functional
for the last two decades around Indra Sagar reservoir without any indication of RTS.
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“Macro seismic investigation” is an integral part of seismology and one of the world’s primeval methodologies,
conducted by gathering information and evaluating non-instrumental data aftermath an earthquake. The noninstrumental data is basically the effect of an earthquake perceived by the people after an event such as, loss of
life, damages to the infrastructure, nature and its surroundings. Several earlier researchers have provided
methodologies in the form of empirically derived assessment of the intensity of an affected region and its
surroundings. Earlier seismologists have suggested for immediate field survey after an earthquake in the affected
area and mentioned that such survey is a vital part of this investigation. The survey methodology is collection of
the data usually by means of standard set of questionnaires to derive certain important seismic parameters, such
as details on earthquake magnitude, its depth, epicentre, barycentre, epicentre intensity and seismic source
parameters. The assessment of earthquake intensity based on the Medvedev-Sponheuer-Karnick (MSK-1964)or
other available intensity scale such as European Macro seismic scale (EMS-92) is an ultimate aim, which is in
general, portrayed in the form of an Isoseismal map of an affected area and its surrounding. Though, the
methodologies involved with macro seismic survey is quite older and appears superficial, indeed before the
introduction of seismograph, such survey was the only way to study and document the earthquake details, which
are still in use with certain minor modifications. The first known descriptions of earthquake effects are a few
millennia old, however, collection of macro seismic data in the western world have been initiated in an organised
way during the 19thcentury. It is worth mentioning here that Geological Survey of India (GSI) is the premier
organization of the Indian Territory in the field of earth sciences and has collected seismic details of a major
Assam Earthquake of 1869, a well-documented oldest record by Sir Thomas Oldham. Since then, GSI is
actively involved with the seismology and seismotectonic assessment of the country and is custodian for macro
seismic surveys in the country.

With this in view, Earthquake Geology Division, GSI-SR, has carried out macro seismic investigation in the
coastal districts of Andhra Pradesh, India, aftermath one of the most disastrous Asian continent earthquakes, the
Nepal (Gorkha) earthquake of 25th April’ 2015(MW 7.8)at 11.56 IST (06:11:26 UTC), which had trembled
central Nepal as well as parts of its neighbouring countries viz., China, Bangladesh, Bhutan Pakistan and India.
This earthquake has caused a wide spread damage to the infrastructures, loss of life of about 9,000 people,
severe injury to about 22,000 people and made homeless to many. The magnitude of this earthquake was so
severe that its effect was also felt up to the Peninsular India, in the 5 coastal districts of Andhra Pradesh (A.P.)
viz. Krishna, East Godavari, West Godavari, Vishakhapatnam and Srikakulam.Macroseismic Investigation was
carried out aftermath the earthquake in the above-mentioned districts between 1stand 8thMay, 2015, to make an
immediate assessment of the earthquake intensity at different localities as per the MSK-1964 intensity scale. All
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the efforts were made to cover those areas, which have been reported in the electronic and print media, to have
felt the seismic event. Information about the earthquake affected areas were also gathered from the local district
administrators. In the present work, the details of the methodologies followed and the details of the seismic
assessment are mentioned vis-à-vis with the geology of the region at smaller scale.
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Based on the field survey, it was observed that the people felt minor ground shaking and vibration in the areas
all along the coast in all the 5 coastal districts Andhra Pradesh. The effect was felt mainly by the people staying
in the high-rise buildings (above 5 storey), includes head reeling, shaking of chair, shaking of cot, movement of
fans, lights and chandeliers hanging from the ceiling, rattling of utensils etc. At places people came out from the
high-rise buildings due to panic, however, no incidence of damage to the buildings and loss of lives were
observed or reported. Geologically, these areas mainly occupied by thick blanket of Quaternary sediments
(recent unconsolidated to semi-consolidated sediments) including Recent alluvium along with scattered exposures
of rocks of Eastern-ghat Super group (Khondalite and Charnockite). It can be inferred that the earthquake wave
might have been amplified after striking the Quaternary sediments, which has resulted in the wide spread mild
shaking in all the above-mentioned the coastal areas of A.P. Based on the prepared Isoseismal map, the Intensity
of III to IV was assigned in parts of all the 5 districts of coastal A.P.
Key words: Macro seismic, Seismology, Intensity, Peninsular India and Isoseismal
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The quest for precious metals and economically valuable minerals leads to deeper excavations with each advancing
stride in mining technology. While this yielded results in terms of precious metals and minerals, there have been
always challenges associated with deep excavations. Support of underground workings over a considerable long
time for safe and efficient mining were just adequate to defer the associated risks. One of the challenges faced
by the mining community is Mining-Induced Seismicity (MIS). The effects of MIS have been of great concern
to mining community due to the risk and damage, loss of lives and machinery as well.
While active mines have always been monitored with seismic network for safety and stability purpose, the
abandoned ones were relatively less on the monitoring radar for lesser activity and mine associated hazard.
However, there are deep mines in the country such as the one in Kolar Gold Fields (KGF), where even after all
the mining activities have ceased, the underground seismic activity continued. In order to gain insight into the
cause of instability and apprehension, seismic monitoring was carried out for over an year. The monitoring
detected around 50 seismic events (rock bursts) in the depth range of 100-2000m with varying magnitudes (0.82 to 1.05) and most of these events were characterized by low seismic energy.
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This study had brought out the real hazard prevailing in the mining area in terms of seismic event size, seismic
energy and seismic moment. Ground motions due to seismic events were in safe limits none of these events
resulted in physical damage to nearby structures. Thus, based on the overall strength of the seismic events, their
depth, stress levels and the ground motion parameters, it is found that majority of the mining area falls under
low hazard, with fraction of mining area falling under moderate and high hazard. The seismic monitoring from
surface brings out the prevailing hazard level and estimation of seismic hazard due to the seismic events in the
old mines area during the monitoring period. Seismic monitoring of underground seismic events around the
world has brought out quite a lot of interesting results through evolving instrumentation and analysis. Still, with
lot of research going around the world, prediction of occurrence of major events due to mine-seismicity by
continuous monitoring is a challenge. Though the seismic events from the mines are like earthquake, the scale
of occurrence-volume, interaction with the rock strata and impact are relatively smaller.
This work describes the application of modern and advanced technology in instrumentation and visualisation
software with an approach to using seismic source parameters for evaluation of seismic hazard is adopted. Such
monitoring would be useful for short term and long-term hazard evaluation in and around the deep-seated old
mines (and underground tunnels) in the country, where it is proposed to reclaim mining land for development
civilian structures, utilities or industries on surface.
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Abstract

Seismic Hazard Microzonation studies around Chennai for an area of 400 sq. km. were taken up to classify the
urban agglomeration into different discrete zones of seismic hazard risk. An integrated multidisciplinary approach,
using the inputs from geological, geomorphological, geophysical, geotechnical and geohydrological studies
were undertaken, in order with a view to assess the seismic site response parameters of surface and subsurface
soil media and overall assessment of seismic hazard in different parts of the area under investigation.
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Figure 1 Chennai Seismic Hazard Micro-zonation map with seismic hazard risk zones.
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The Chennai area is essentially a plain country with an upland area of Charnockites and Gondwana sandstones,
with its immediate vicinity covered by soil/alluvial overburden and marine / fluviomarine sediments. The plains
essentially comprise of coastal and older flood plains of Coovum and Adyar Rivers. The geomorphic forms
include present day beach, mud flats, older beach dune complex, paleo tidal flats and flood plains. This area is
explored by 18 boreholes out of which 3 are located over beach dune complex, 2 over tidal flat, 3 over palaeo
tidal flat, 1 each over older dunal complex and Gondwanas, and 8 over alluvial / flood plains comprising of
fluvial-marine sediments.
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Drilling aggregating to a total depth of 524.60m was carried out, Standard Penetration Test (SPT)’s were
conducted at an average interval of 2m, and the required undisturbed samples have been collected to determine
the geotechnical parameters. SPT was carried out up to a general depth of 30m. The seismic site response
parameters like Shear Wave Velocity -Vs, amplification, impedance, frequency, etc., were derived from Nvalues deploying empirical relationships in vogue. Geo-hydrological data, together with geotechnical data, have
been utilized to arrive at liquefaction potential of the area.
Geophysical surveys were conducted to determine the depth of bedrock and the nature of sediments in different
parts of Chennai Metropolitan area. Besides, the processing of the data obtained from site response survey at
various sites in Chennai Urban Agglomeration show variations of peak frequency in the range of 3.5 to 5 Hz and
peak amplification from 3 to 8. By integrating the geological, geotechnical and geophysical inputs, micro zones
of Chennai Metropolis, showing different seismic hazard levels were delineated
By the integration of various influencing parameters, four seismic micro zones have been arrived at for the
Chennai Metropolitan area, representing relatively very low, low, moderate and high seismic hazard micro
zones (Figure 1). The micro zones arrived at has a gross validation on comparing them with the effects of past
seismic events which have been studied in details.
Keywords: Seismic Hazard Microzonation, Peak frequency, Peak Amplification, Urban agglomeration
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About 170 sq. km of area, encompassing the Visakhapatnam city proper and its urban agglomerations in the
immediate neighbourhood, bound in between the north latitudes 17º40’ & 17º45’ and east longitudes 83º12’ &
83º22’, covered by Toposheet Nos. 65 O/2 & 65 O/6 were taken up for seismic microzonation studies as per the
standard operating system as a uniform guidelines provided by the GSI from 2011. A multidisciplinary approach
has been adopted involving geological, geotechnical and geophysical investigation to identify the sub surface
pockets of liquefaction potential/susceptible zones and seismic site response parameters of soft media.
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By integrating and synthesizing the geological, geotechnical and geophysical inputs, four seismic micro zones
viz. Zone A, Zone B, Zone C, Zone D indicating Low, Moderate, High and Very high Hazard levels, were
delineated in the area under investigation as per the BIS code (1985) and guidelines for seismic microzonation.
In this process 95 nos. undisturbed (U/D) soil samples(SPT) and 101nos.bulk soil samples were received and
analysed more than 1100 number of different soil parameters (196 x Grain Size, PL, LL, PI, MC, Sp. Gravity,
etc) and evaluated the physical properties of the soil including shear strength, in the Geotechnical Laboratory of
the Engineering Geology Division, Southern Region, Hyderabad. Since SPT-N value is a cost effective and
quick strength parameter of soil/overburden media, it finds immense use in seismic microzonation studies from
the point of view of its well-established empirical relation with shear wave velocity of the S at 30 meters depth
(Vs,30) below the surface. Following empirical equations as per the SOP (mentioned value & range) are used
for working out the Vs values in the present study and they are deployed as per the dictates of the size analysis
data obtained from the Geotechnical Laboratory for the respective bulk and undisturbed soil samples and
predicted as below:
Vs = 5.3 N + 134 for clay and silty clay.

Vs = 5.1 N + 152 for silty loam and sandy clay.

The first equation is deployed for the clayey/silty soils of the ‘tidal flat’ unit of the study terrain based on the
geotechnical analysis of the soil samples, the second one is deployed in the case of the soils of pedeplain region
as also the valley fill where soils are determined to be essentially coarse and sandy. By considering the geological,
geomorphological and land use aspects, a total of 341m drilling was done over 33 boreholes up to 30m depth,
reveals that the N-values range from 0 to 10 in tidal flat marine silty clay, from 10 to 30 in flood plain and beach
sand dunes, from 30 to 50 in colluvial zones and more than 50 in pedeplain suggesting low, moderate, high and
very high resistance to liquefaction respectively. Thus, from a geotechnical point of view, the grain size
distribution of sand, silt, clay, gravel and pebble fractions at different depth levels in the area under investigation
reveals that the marine sediments and flood plain deposits shows nil to low resistance to liquefaction and silty
loam and sandy clay soil are non-plastic or low plasticity silts with high water content relative to their liquid
limit evaluated by Liquid Limit (LL) and Plasticity Index (PI) of SPT samples. The seismic micro zones and
related parameters discussed are of far reaching significance from the point of view of a civil engineer and a
civic administrator. Hence, it is recommended to consider the seismic site response parameter, of different
micro zones reflecting the different hazard levels, while planning and executing the civil construction work and
also making earthquake mitigation and rehabilitation contingency plans of Visakhapatnam Urban Agglomeration.
Key words: seismic, susceptible, microzonation, multidisciplinary, geotechnical, SPT, liquefaction, rehabilitation,
contingency
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Seismic hazard Microzonation of Pondicherry, India was carried out during 2005-07 in an area of about 150
sq.km in Survey of India Toposheet No. 58M/13/1&2 to classify the urban agglomeration into different discrete
zones of seismic hazard. The Pondicherry area is essentially a plain country with an upland area of Cuddalore
sandstone with its immediate vicinity covered by soil/alluvial overburden underlain apparently by Cuddalore
sandstone. The plains essentially comprise of coastal and older flood plains of the Gingee River and the
Ariyankuppam River. To cover the 150 sq. km area, 11 nos. of boreholes were drilled and received 150
standard penetration test (SPT) samples for geotechnical analysis. The determination of liquid limit, plastic
limit, plasticity index and other related parameters have been carried out as per BIS code (1985) and may valid
until and unless the modification or correction not suggested in respective BIS code. The 11 boreholes drilled
in Pondicherry area, 4 are over tidal flats, 3 are over beach dune, 4 are over flood plain, aggregating to a depth
of 325m. In all about 150 SPT are carried out up to a depth of 30m at an average interval of 2m, indicated a
loose to moderately dense soil media up to an average depth of about 14 to 16m, with SPT N-values ranging
between 5 and 30, beyond which the soil medium, in general, is found to be dense to very dense with N-values
ranging between 30 and >50. The 650 nos. of different geotechnical parameters(150nos.× Grain Size, PL, LL,
MC, Sp. gravity, etc) were analyzed to determine the soil mechanical properties and consistency test (LL/PL/
PI) data, as an input to the assessment of the liquefaction potential / susceptibility of sub surface soil media from
the 65 nos. of undisturbed samples received from EQG Division, Hyderabad for the purpose of synthesizing the
geological, geotechnical and geophysical inputs to evaluate different micro zones of the area. The grain size
weight percent determined at various depths in different bore hole locations indicated that the silty sand, sandy
silt, and silt and silty clay are the dominant soil fractions in the area under investigation. The grain size
distribution curves and on the basis of liquid limit (LL) plastic limit (PL) and plasticity index(PI) of soil
samples, it is observed that the tendency of the respective curves are towards close to the boundary of potentially
liquefiable soils. The relatively clean sandy soils with few fines are potentially vulnerable to seismically induced
liquefaction. It is also observed that gravelly soils are also vulnerable to liquefaction.
After analyzing soil liquefaction parameters based on plasticity chart, it may stated that soil is containing less
than 15-20% particles by weight, smaller than 0.005 mm in size, with water content (wc) to liquid limit (LL)
ratio greater than 0.9. Therefore, this soil is susceptible to liquefaction. It is further evaluated that the clayey soil
found in the area is also susceptible to liquefaction as the clay percent is less than <15%, with particles size of
0.005 mm and LL<35%, with wc/LL>0.9 .Hence treated as a simple criteria based on “key’ soil parameters to
deduce the susceptibility of liquefaction in fine grained soils and silty clay soils.
Key words: Seismic, Microzonation, N-values, susceptible, liquefaction.
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Induced seismicity in deep underground mines has been a challenge worldwide as the seismic events have been
quite catastrophic and posed risk to the structures and life around. The seismic events occur as the mining depth
increases in hard rock underground mines, and there is a significant increase in the stress levels within the mine.
With rapid urbanisation in the recent years, many of the old mined out areas have been abandoned and these
areas are becoming densely populated. The abandoned underground mines with long mining history, over the
world are posing high environmental threat to the residents and to the surface infrastructure due to the potential
for a sudden mine ground collapses, subsurface void formations or a subsidence threat. Stability analysis of an
abandoned mine needs to be performed to validate an approach based on the local information and the variability
of the input data.
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The abandoned gold mines of Kolar Gold Fields (KGF) lying in the district of Kolar, Karnataka, has shown post
mining-induced seismic history with uncertainty of future prevalent seismicity with respect to magnitudes and
intensities of microseismic events. The population of KGF is around 3.0 lakh, covering the centrally placed
township located close to the mined-out Champion reef (abandoned mine now) and consists of concrete, masonry,
steel surface structures of various types with low and high- rise buildings. In the absence of site-specific
mining-induced seismic parameters, there exists an uncertainty in the evaluation of risk to the safety and
stability of surface structures from mining-induced seismicity in future.

Regular monitoring of induced seismic events helps in better understanding the changes in and around stress
state of the excavated rock and thereby assess the stability of the mine in or out of operation. From the source
parameters and their analysis seismic hazard in the mined-out area can be evaluated. The seismic hazard can be
evaluated, qualitatively and quantitatively. Various approaches and methods adopted around the globe are
discussed in this paper. The review of the past work carried out by various researchers for underground excavations
with a view to gaining insight into the techniques of evaluation of seismic hazard is presented in this study.
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Tunnels are key essentials of the nation’s infrastructure. Predominantly hidden and out of sight, it play a key
role in urban transportation, water and sewerage transportation, and in hydroelectric power and many other
sectors. Himalayan geology is highly influenced by rock formations of different ages and represents a mixed
lithology. Changes in geological conditions are therefore frequent in Himalayan tunnels and flexible rock
support methods are required to deal with constant variation of rock mass properties. No stable plan may begin
before recognizing the material sorts and the motivation behind the designing structure. Tragically, the errand of
classifying the ground and recognizing the rockmass is a tricky undertaking in rock mechanics. The trouble
stimulates on the grounds that the ground to be excavated shows heterogeneity and anisotropy for the vast
majority of the geotechnical properties of concern, also the relative unavailability before the excavation takes
place. It is often assumed that underground structures (in rock) are safe against earthquakes and that earthquake
action does not have to be considered in the design, and that deep structures are safer than surface structures.
Unfortunately none of these assumptions is correct. Today, we know that tunnels and underground structures
can be damaged during strong earthquakes.
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Main focus of this paper is to study the effects of seismicity in the tunnels that suffer from the existence of
planes of weakness. A parametric study was conducted to study the effect of seismicity on tunnels with multiple
joint sets. The outcomes represent that weak rock with joints is less sensitive to seismicity in comparison to
weak rock without joints. Generally dispersed joint produces larger tunnel deformation. In this study, numerical
modeling approach has been used to analyze circular tunnels and a powerhouse cavern using the Phase2 software.
The models were simulated in a similar way to the earlier models by Bhasin and others in 2006. The effect of
discontinuities was investigated using two and multiple layers of different ground properties. The joints were
simulated as one at the time in three different inclinations. The seismic loads were applied in the form of quasistatic loads and generated in different directions and combinations for each model.
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The capital of Nepal “Kathmandu” was triggered by a huge earthquake of 7.6 magnitude with 15 km deep at
11:56 am on April 25, 2015. As per the government record, the devastating quake caused over 8,790 casualties
and 22.300 injuries, affecting lives of eight million people. Kathmandu is an old city that represents local Newar
community residing in the valley since its establishment, living on their traditional mud mortared houses which
were more than fifty years older. The objective of the study is to evaluate the extent of damages to the houses of
ward number 19 of Tarakeswar municipality, Kathmandu. Most of the information was collected through
primary sources. For the work, houses were observed so as to find out the extent of damage. Before the quake,
the questionnaire survey on preparedness status revealed a very weak status of preparedness. None of the
respondents ever discussed earthquake and how to save themselves if earthquake strikes, despite the vulnerability
of the country. The damage assessment survey after the quake revealed that all of the mud mortared houses
sampled were badly affected. This is possibly because the mud as a mortaring agent is very weak and is unable
to resist such a greater amount of inertial force during earthquake. But the result was opposite in case of cement
mortared houses. Of the total sampled houses, 87% of the houses have not been affected significantly, though
minor damages could be seen. This is because the houses are newly constructed using newer technologies and
are reinforced, that helped to resist the massive force. Remaining 13% of badly affected cement mortared
houses were either old or lacked adequate foundation and built without columns and beams. The building
configuration and higher load due to more number of stories in the house is also a reason for the damage. Thus
from the work done, it can be concluded that the significant extent of damages caused by the earthquake could
have been controlled if necessary works like increasing awareness and preparing for the earthquake resistant
construction, construction training to all the construction technicians and a provision allowing only the trained
workers to make new buildings. Also, careful study of site, regarding its geology should be done before building
houses.
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Ground Penetrating Radar has emerged as an important tool for subsurface investigation in recent years. It is
being used in many investigations ranging from Engineering Projects like bridge, tunnel, and dam constructions
to detective projects including search for dead bodies (Swain and Shrivastava, 2013). The range of its application
varies from detecting Temple foundation (Swain and Thapliyal, 2013) to solving the mystery of cross-border
tunnels. Most of the GPR studies are concerned with shallow depth (near surface to 5 metres) investigation
because of its high resolution. But the most serious scientific application of this Ground Penetrating Radar
instrument is being done in the field of glaciology (Swain, 2018; Swain and Chandra, 2017; Swain and Goswami,
2014; Swain et al., 2018).
Normally most of the glaciological investigations are concerned with high frequency antennas, which can run in
continuous mode and deliver high resolution subsurface information. In this regard, the lowfrequency antennas
are deployed for deeper penetration, but yield result in low resolution and the work can be done in point mode of
survey. A method developed by the author suggests that the GPR survey can beperformed by using multiple low
frequency (MLF) antennas with a range of 16 to 80 MHz frequency in continuousmode (Swain and Goswami,
2014). This method can be applied by the use of a platform with fixed interchangeable positions for Transmitter
andReceivers to be kept at a fixed separation during survey depending upon the depth of penetration (Fig.1).
Another techniqueinvolves fixing the Transmitter and Receiver at a fixed position at the front and rear side of
the snow vehicles andsurvey wheel attached to the unit for keeping track of the distance, which was exclusively
used during first Indian Scientific Expedition to South Pole by the author(Fig. 2) (Swain, 2010).
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Both of the above methods were tested in andaround Schirmacher Oasis, East Antarctica to delineate the
interface between the water column and bedrock in thePolar lakes (Fig. 3) and between the ice and bedrock
below the Polar Ice sheet and deep probing of the Polar ice thickness could be investigated. On the ice track
between the Schirmacher Oasis and Wohlthat Mountains (Fig. 4), deep probing for bedrock below the Polar ice
sheet indicates that the ice thickness is more than 500 metres at most of these places. However, the depth of the
bedrock close to a nunatak en route is estimated to be about 480 metres below the surface (Swain and Chandra,
2017). This data is validated by the investigation carried out under the Project Bedmap2 by British Antarctic
Survey, where a range of ice thickness between 433 to 575 metres is reported. In this regard, deep probing
through Ground Penetrating Radar is cost effective and non-destructive tool for the benefit of society.
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Figure 1 Method developed by the author for the use of
a platform with fixed interchangeable positions for
Transmitter and Receivers during GPR survey
depending upon the depth of penetration.

Figure 2 Method developed by the author for fixing the
Transmitter and Receiver at a fixed position at the front
and rear side of the snow vehicles and survey wheel
attached to the unit for keeping track of the distance,
which was exclusively used during first Indian Scientific
Expedition to South Pole.
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Figure 3 Testing of the methodology and the antenna
arrangement over a Polar lake in Schirmacher oasis,
East Antarctica to delineate the interface between
the water column and bedrock.

Figure 4 The proposed and the executed ice track
between the Schirmacher Oasis and Wohlthat
Mountains undertaken by the author for estimating
Polar ice thickness.
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Estimates of uncertainties and its associated risk during the construction process are essential information for
decision making in any stage of a tunnel project. Dealing with adverse geology at any depth can be problematic
and can lead to significant tunnelling delay and cost increases if not adequately predicted for either TBM or drill
& blast approaches. The tunnelling industry had executed thousands of kilometres of tunnels and endured
numerous collapses still emerge as a clear common thread for almost all projects due to inadequate forecasting
of prospective ground conditions. These projects have suffered from geological uncertainties, while mitigation
of delay problems require considerable foresight and advanced planning. Without any prediction on site, no
upfront analysis can give an sufficient answer on how much of the tunnel length is in critical ground. It requires
a combination of information – yielded by the best possible geological assessment of likely condition along
tunnel coupled with advanced seismic exploration during the excavation process. The Tunnel Seismic Prediction
(TSP) approach while excavation allows a continuous prediction of geological uncertainties ahead or around the
tunnel. With this, a prediction range of more than 100 meters ahead of the face is reachable. Seismic reflection
data acquired in the tunnel contain useful information about the spatial geomechanical parameters around and
ahead the tunnel.
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To increase the comparability of such data with the real geological situation, the tunnel seismic prediction
method must be used on a regular basis (i.e every 100-120m). However, some tunnel builders still object
against geophysical investigations during tunnelling due to possible disruptions of the tunnelling process and
constraints of results delivered by these methods. It is important to consider that such seismic operation do not
interrupt the daily tunnel excavation cycle if operated systematically. This paper describes the seismic
investigation, new trends of geophysics in tunnelling and a case study from hydro project showing correlation of
seismic prediction with actual geological information.
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The water supply scheme in Dehradun envisages the construction of a 100m high concrete gravity dam on the
Song River near village Sondana, district Dehradun, Uttaranchal. The proposed Song dam is situated in Sondana
village, district Dehradun, Uttarakhand, which is about 10 km upstream of the Song River from the road head
near the village Mal Dewata.
Electrical resistivity survey

Vertical electrical soundings (VES) were conducted at the proposed dam
axis and along an axis 80 m downstream, using Schlumberger array of
electrode configuration. The layouts of the soundings were kept along the
river valley. Maximum spread length for the VES were 150m (AB/2) and
sampling was done at 8 points per cycle.
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Shallow seismic refraction survey has been planned at the proposed dam
axis in such a way that one shot of every profile has been taken at dam
axis. Reverse shot was kept at 80 m downstream with best possible spread.
Profiles were laid along the river valley following the minimum elevation
difference.

Vertical electrical sounding data was plotted on a double log scale of 62.5 mm modulus and were interpreted
using two layer master curves by Orrelana & Mooney. These curves were also interpreted using the computer
software ‘RESIST’ and thus the layer parameters of sub-surface were resolved.
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Seismic refraction data was processed by plotting the arrival time against the distance between geophone and
shot points. For resolving the layer parameters like the thickness & velocity of the different layers, intercept
time technique was used. A depth section was prepared along proposed dam axis using layer parameters derived
from the VES & Seismic results.
The bedrock (quartzite) has been found to be resistive and quite competent for the dam construction. The depth
to the bedrock observed in four VES conducted at the dam axis varies between 12.5 m and 27 m.
The geo electric section along the dam axis suggests that the bedrock is deeper at the left bank than the right
which indicates the possibility of the buried channel through left abutment.

Seismic refraction survey with hammer source has been carried out at 12 locations along six profiles each of
80m lengths. The P-wave velocity for the bedrock is recorded between 4500 m/s and 5000 m/s. The depth to the
bedrock has been estimated between 12 and 27 m, which closely corroborate the electrical resistivity results.
Conclusions
The depth to the bedrock or the thickness of the overburden varies between 12 m and 27m.


The bedrock at the dam site is competent.



Palaeochannel of the Song River was delineated through left abutment.
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Abstract

1. Introduction

Geo-science in general and Geophysics in particular has been applied to address societal issues i.e. mineral
resources, portable drinking water, development of in fracture, mitigation of natural hazards and environmental
protection. In Exploration Geophysics effectively and immensely data in used to analyze potential petroleum
reservoirs, mineral deposits, locate groundwater, find archaeological relics, determine the thickness of glaciers
as well as assess sites for environmental remediation.
Engineering geology forms the bridge between geology and engineering. It is mainly concerned with the
application of geology to civil and mining engineering practice. The purpose is to ensure that geological factors
affecting the planning, design, construction and maintenance of engineering works and the development of
groundwater resources are recognized, adequately interpreted and presented for use in engineering practice. A
few case studies in which geophysics has effectively helped the community to resolved the ambiguities.
2. Geophysics in Town Planning – a case study from Rangapahar area, Dimapur, Nagaland.
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Two big buildings (Cinema hall building and Library building) were constructed without any geological
considerations in Rangapahar area of Dimapur started to develop vertical cracks and both the parts were pulling
apart. This created a panic for the authorities and they have requested the GSI to investigate the Rangapahar
area, to identify the cause of development of vertical cracks and measures to construct suitable multistoried and
heavy structures in the area The objective of the investigation has to delineate the overburden thickness in study
area and to show the remedial measures to construct suitable structures. Cinema hall building and Library
building developed vertical cracks and issue involved in safety of buildings and human life.

Nagaland is a part of the Northern Extension of Arkan Yoma mobile belt of Cretaceous – Tertiary age. The rock
types in the present area mainly belong to the Tipam, Namsang Dihing and quaternary. The larger and smaller
hillocks that constitute the Rangapahar area composed of semi-consolidated soft-sediments.
Dimapur is an important town in Nagaland being the only railhead in the state and Rangapahar area has been
occupied by strategic establishment figured out soil creeping, caving and developing cracks in the library hall
and cinema hall area of Dimapur Town, necessitated the Geophysical surveys. In geophysical surveys electrical
resistivity and shallow seismic refraction surveys were envisaged to determine the physical properties of the
overburden and to map the bedrock topography.

Resistivity soundings were carried out over the available sites and along the roads as the area is thickly populated.
Based on the resistivity data three layers of overburden have been identified. Top layer comprises of loose soil,
pebbles and gravel has shown resistivity of the order of 300-1800 ohm.m and thickness varies from 2 to 10m.
The resistivity range of 20-70 ohm.m has been identified as clay dominated soft sediments. High resistivity
recorded in the area concealed with the compact rock. The data has been corroborated well by boreholes drilled
by Central Ground Water Board (CGWB).
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Seismic refraction surveys have also brought out a three-layer sequence. Top layer velocity recorded has 400450m/s and thickness in the range of 2 to 10m. The second layer has the velocity of the order of 800-2500 m/s
and thickness of 4 to 15m. The underlying third layer with the velocity in the range could be identified by
resistivity data and is 40-150m thickness and comprises clay dominated soft sediments (Figure – 1).
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Figure1 Depicting the Seismic depth section in study area

Integration of the all the available geo-scientific data sets, the conclusion of the data has been brought out: (i)
The overburden in the area mainly consists of three layers. (ii) Third layer i.e clay dominating soft sediments is
probably becoming plastic due to percolation of water because of poor drainage in the area may be a one of
causative source of cracks developed in the constructed structures. Thus geophysical surveys were identified the
cause of development of cracks in the cinema hall building and suggested remedial measures.
3. Surface resistivity surveys for fresh / saline water interface and coastal aquifer studies – a case study
from Neyveli area, Tamilnadu
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The area, part of Cauvery basin is occupied by Quaternary sediments over Tertiary formation. These Tertiary
formations comprised of argillaceous sandstones, pebble-bearing sandstones, grits, clays, pebble bed and limestone.
Geophysical surveys comprising both resistivity profiling as well as deep resisirivity soundings were conducted
over700 sq.km area along the coast between Puducherry in the North and up to Coleroon River in South with
70km length and 10km average width of the area. Electrical resistivity surveys were conducted to understand
the nature of different aquifers and aquicludes up to a depth of 500m. The resistivity profiling and soundings
were delineated the salt/fresh water interface by sharp variations in Resistivity (Fig-2A&2B). Pseudo and
Resistivity cross sections demarcated low resistivity zone. These low resistivity zones are indicative of saline
zones in this area. Water samples collected and analyzed for salinity studies, analysis studies proved the saline/
clay zones. This data is better corroborated with resistivity data.

Figure 2A Apparent Resistivity
Contour map at AB/2 100m

Figure 2B Apparent Resistivity Contour
map at AB/2 500m
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4. Geophysical Surveys for evaluation of Bronzite bearing Gabbro (Black Galaxy Granite) – A case study
from Chimakurti, Prakasam District, Andhra Pradesh.
Any hard rock which can be used as dimenstion stone is termed as balck galaxy granite irrespectove of its
composition and geological nomenclature. The Black Galaxy Granite, which is a Bronzite bearing Noritic
Gabbro also comes under Black Granite Group. Chimakurthi black galaxy granite is an intrusive in the teconic
zones between EGMB and Dharwar Craton east of Cuddapah basin, Geologically, the study area is occupied by
Bronzite bearing Gabbro/Norite, which is light to dark gray in color, medium to coarse grained, massive with
widely scattered and randomly oriented sub-total to enhedral bronzite grains. The rock is exposed in the form of
clusters of big boulders and sheets.
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The efficacy of the seismic and resistivity methods in estimating bed-rock depths and assessing physical
characteristic of both bed-rock and overburden layers in geological and Engineering problems were well
established.
Geophysical surveys employing Shallow Refraction Seismic Survey, Magnetic methods supplemented by
Resistivity profiling and Soundings were conducted in Chimakurti area to delineate potential blocks of black
granite bodies to assess their suitability for polishing and dimension stone industry. Magnetic survey also
conducted to study the response over Gabbro bodies and to identify any control such as shears / fractures etc in
the emplacement of Gabbro bodies and their disposition. The surveys were taken up for Andhra Pradesh Mineral
Development Corporation.
The geophysical surveys conducted in a systematic grid manner with a grid interval of 25m in this area. Seismic
Refraction survey has brought out 3-5 layer sequence, at places seismic survey depicting 3 layer case, this is a
inference that, the bed-rock is shallow such locations in the study area (Figure 3A). Resistivity soundings
brought out 4-5 layer sequence in this area. Even then there is a good correlation between both the geophysical
data sets to estimate the bed-rock depths (Figure 3B).
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On the basis of geophysical results, a number of zones were recommended for locating compact bed-rock
suitable for industrial usage. Further these surveys have helped in delineating semi-weathered layer, which
resembles bed-rock but of less commercial importance. It is interesting to note that bore holes drilled at proposed
locations have encountered hard compact Bronzite bearing Galaxy granite at recommended depth, thus proving
good correspondence between geophysical data and drilling results. Magnetic method plays a vital role in this
area to identifying clusters of Bronzite bearing Galaxies in the hard rock area.

Figure3A Showing the typical Shallow Refraction
Seismic section in the study area

Figure 3B Showing the typical Vertical
Electrical sounding curve in study area.
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Abstract

1. Introduction

Geological mapping and hazard assessments are essential for large civil engineering, nuclear, river valley and
hydroelectric projects. Study of faults, fractures, lineaments, lithological boundaries, geothermal sources etc. is
very significant for risk assessment of such projects. These geological features though generally exposed to the
surface or buried near surface, are required to map up to few kilometres of depths for complete risk assessment
as they often have a deeper root. Mapping of such objects satisfactorily demands a deep proving geophysical
technique with good resolution. Conventional gravity, magnetic and seismic refraction methods may be difficult
to use for this purpose as these are mainly profiling techniques and less sensitive to the change of physical
properties with depth. Seismic refraction, though can map the subsurface features with higher accuracy, is
costly and need more time, especially if the area is big and located in a difficult terrain. Hence, Audio
Magnetotelluric (AMT) provides a cost-effective quick method to obtain satisfactory results in such projects.
This paper presents a case study to prove the efficiency of AMT method for mapping a shallow fault in
Bakreswar geothermal province.
2. Methodology
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Important geological features like faults, fractures, lineaments, lithological boundaries, geothermal sources etc.
are associated with considerable resistivity contrast with the surroundings or host rocks. Such resistivity anomalies
can be mapped successfully using AMT method. AMT is a natural source electromagnetic (EM) sounding
technique which uses atmospheric EM waves generally ranging from 10 KHz to 1 Hz to investigate the subsurface
conductivity structure. The natural variations of the magnetic field (H) of EM wave introduce electric field (E)
in the Earth’s structure and they are related to each other by the equation (Cagniard, 1953):
E=ZH
(1)
Here Z, the impedance tensor, represents the electrical properties of the subsurface. Impedance tensors for each
discrete frequency are estimated from the auto-power and cross-power density spectra obtained from full tensor
E & H data.
Impedance matrix components for a simplified one-dimensional (1-D) earth can be presented by the following
equation (Sims et al., 1971):

Zij ( ) 

Ei ( )
H j ( )

(2)

where i and j indicate two mutually perpendicular directions in horizontal plane where angular frequency is w.
Apparent resistivity (üa) and phase (Õ) are computed from the impedance matrix Z. At a particular frequency
(f) can be expressed as follows:



a ij



0.2

2

Zij a
f


ij

0.2

f

Zij

2

(3)
185

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

ij  tan 1

Im  Zij 
Re  Zij 

ij  tan 1

Im  Zij 
Re  Zij 

(4)

E and H fields are measured along two orthogonal axes during AMT data acquisition. Figure 1 shows a typical
survey layout for AMT using Phoenix V5 system.
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AMT survey generally carries out along a profile or in grid
fashion over the area of interest. The higher frequencies (> 1
kHz) of AMT data provide high resolution shallow information
whereas the lower frequencies (< 100 Hz) carry information of
deeper resistivity structures. The resolution and maximum depth
of investigation of this technique depends on the frequency
content of the recorded signal and resistivity of the sub-surface
structures. Generally, the resolution at shallower depth is as
high as few tens of meters and maximum depth of investigation
may be as deep as about 5 Km depending on the resistivity of
host rock.

AMT data are interpreted both qualitatively and quantitatively. Figure 1 Typical AMT survey layout for field
The impedance tensor (Z) matrixes for different frequency are
data acquisition using Phoenix V5 system
analysed to find out the dimensionality of the sub-surface
structures, variation of strike direction along depth over the region and nature of lithological boundaries in terms
of Tipper, Skew, Induction Vector, Polar diagram etc. Quantitative interpretations are carried out using apparent
resistivity and phase data to generate resistivity contours, 1D, 2D and 3D models by computer simulations using
different forward modeling and inversion algorithms.
3. A Case Study
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A case study is presented here over Bakreswar geothermal province (BGP) as an example to show the efficiency
of AMT to delineate deeper geological structure. BGP is a prominent geothermal system in eastern India located
in Birbhum district, West Bengal. There are plenty of hot springs and warm springs associated with this
geothermal system over an area of about 500 square km. Bakreswar Hot Spring (BHS) is the most prominent
manifestation of this system where thermal water and gases emerge from seven distinct spouts and numbers of
seepage over an area of 80 square metre. Total 26 AMT stations were acquired in and around BHS roughly in a
grid fashion (Figure 2) to map the geological structure of the area and to find the geothermal source (Sinharay et
al., 2008). Two electric (Ex and Ey) and three magnetic (Hx, Hy and Hz) components were recorded for each
station over a period of 5-7 hours using acquisition and real time processing system, V5-16 multipurpose
geophysical receiver of Phoenix Geophysical Ltd., Canada. Total 22 frequencies were selected for AMT data
acquisition ranging from 10,000 Hz to 7.5 Hz.

Apparent resistivities of AMT soundings are contoured for different frequencies starting with higher to lower so
that qualitatively the change of conductivity pattern with depth can be observed easily. The plots of two
different frequencies clearly show the change of resistivity nature of the subsurface with depth (Figure 3). The
processed data was further modelled using 2D Rapid Relaxation Inversion (Smith and Booker, 1991) algorithm.
Two-dimensional (2D) resistivity model have been presented in Figure 4. The section clearly shows the near
surface conductive structure as well as very high deep resistivity structure with sharp boundaries. This study
helped to understand the BHS geology with much clarity which otherwise was not possible without the help of
AMT. The result of the study proves AMT can be successfully used to map the surface as well as near surface
features and their continuation in greater depth.
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Applications and future of ground penetrating radar (GPR) as a nearsurface geophysical technique: A review
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1. Introduction

Ground Penetrating Radar (GPR) technology has rapidly grown in last two decades having higher depth of
penetration, better depth resolution, increasing speed of acquisition, precession of location etc. Numerous GPR
survey have been carried out nationally and internationally during this period and several works have been
published in different journals and workshops. This is a review work to identify the full potential of GPR as a
near-surface tool for all possible applications.
2. Technology Evolution
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GPR technology have matured over half a century since El Said tried to measure subsurface water table depth in
1956 using radio waves. One of the initial uses of radio echo was to study the polar ice caps (Bailey et al., 1964;
Walford, 1964). During 1970s, the use of radio echo technique was extended to study underground coal seam
mapping (Cook, 1973), salt deposit studies (Holser et al, 1972; Unterberger, 1978) and finally for lunar surface
study in Apollo 17 lunar exploration programme. During same time, Geophysical Survey Systems Inc. developed
the first GPR and started selling it. Shortly OYO, Japan added another GPR with a commercial name “Georadar”
which was commercially used and successful. In 1985, the first low frequency digital GPR technologies were
reported by Davis et al. and pulseEKKO series of GPRs were developed. During 1980s, few GPR survey were
carried out for nuclear waste disposal, road investigation, utility survey etc. During middle of 1980s, borehole
GPR was developed by Swedish Geological Survey. However, during this time U.S. Environmental Protection
Agency started using it to locate contaminated lands. The other application of GPR during this time was soil
classifications for agriculture (Annan, 2001). The next phase of development of GPR technology started during
1990s and was rapid. Geophysical Survey Systems Inc. (GSSI) exhibited strong commercial success and was
bought by OYO Corporation. Mala Geosciences was established from Swedish Geological Survey roots. Sensors
& Software Inc. grew rapidly broadening its pulseEKKO product line. Presently, these three companies are the
leading GPR manufacturer and selling globally.
Presently the advanced GPRs are using very wide frequency bands with a range of 16 MHz to 3200 MHz
frequencies enabling them to investigate objects with at wide range of depths and resolutions. GPR now are
being used to investigate even deep geological features to very high-resolution concrete structure integrity.
However, major advancement of GPR features are as follows:
1.
2.
3.
4.
5.
6.

Simultaneous multi frequency data acquisition
Built-in DGPS with high precession of location
High sampling rates and huge data storage capacity (Up to 1 TB)
Simplified graphical user interface
In-the-field processing and interpretation facility
3D processing and modeling software
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3. GPR Surveys in India
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GPR survey in India started in 1990s. Wadia Institute of Himalayan Geology was one of the initiators who
carried out GPR surveys mainly to study the glaciers of Himalaya and Antarctica during this period. In November
1995, they carried out GPR profiling to measure ice thickness of Dokriani Bamak (glacier) using pulse EKKO
IV radar (Gergan et al., 1999). GPR sounding was carried out from the snout, the accumulation zone of the
glacier. GPR was also used in XX Indian Antarctic Expedition, 2001 for sub-glacial tectonic features (Gergan et
al., 2006). In the year 2002, Central Water and Power Research Station (CWPRS, Pune) acquired RAMAC
GPR system and started testing it for various engineering geophysical problems. CWPRS used GPR to study
Antarctic polar ice cap (Figure 1) thoroughly to map sub-glacial bed rock topography, sub-glacial lakes (Figure
2), crevasses, yearly snow depositional patterns, predicting health of retreating glaciers etc. during XXII Indian
Scientific Expedition to Antarctica (ISEA), 2003 (Sinharay, 2008). Another significant achievement of GPR
studies of XXII ISEA was the detection of buried Dakshin Gangotri hangar and retrieving lost ice cores stored
inside it. Later, CWPRS carried out several GPR surveys to study different dams and canals structures (Wadhwa
et al., 2008), buried landmines, buried archaeological structures, studying tunnels (Chaudhari et al., 2014), soil
contamination (Subbarao et al., 2014) etc. During 2003, GPR was used as advanced technology to study
controversial Babri Majid-Ram Mandira structure. Archaeological Survey of India (ASI) further used GPR to
delineate Nalanda ruins in 2007. During same period Pujari et al. (2007) used GPR to assess the pollution in
landfill areas near Nagpur, Maharashtra. National Geophysical Research Institute (NGRI) used GPR for ground
water exploration in Granitic terrain (Maheshwari et al., 2013). GPR is also being used to map shallow tectonic
features, active faults and seismic hazard assessment (Maurya et al., 2005; Saikia, 2015).
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Figure 1 GPR survey at “Shivalinga” near Indian
station Maitri during XXII ISEA.

4. Efficiency and Future of GPR

Figure 2 GPR section over a sub-glacial lake at
Schiermacher Oasis, Antarctica acquired during XXII
ISEA using RAM AC GPR, 250 MHz shielded antenna.

GPR has been successfully used almost in every possible near surface investigation including polar studies,
lunar exploration, geotechnical investigation, agricultural purposes, land mine detection, tunnel surveys, monitoring
active fault etc. Present review work finds that high resolution GPR with both shielded and un-shielded antennas
can be efficiently used in several river valley and hydroelectric projects to detect cavities below the concrete
dam, seepage path of the canals, assessment the health of old concrete structures etc. GPR also can detect the
near surface fractures, lineaments, lithological boundaries and active faults and very useful for near surface
geological characterization of the civil project site. GPR also has proven its tremendous potential to study the
glaciers, sub-glacial lakes, permafrost, crevasses, yearly snow depositional pattern etc. Presently the use of GPR
for utility surveys have been increase many fold and tens of Indian companies are providing GPR services.
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Ease, speed, resolution, availability and scope has made GPR the most celebrated near-surface geophysical
technique of the present decade.
In future, we may expect few advanced features such as (1) artificial intelligence (AI) for automatic 3D object
mapping facilities, (2) remote controlled surveys with robotics, (3) significantly increased survey depth, (4) 4D
GPR surveys for hazard monitoring and real time alarming system etc.
References
1.

Annan, A. P., 2001, GPR-trends, history, and future developments, Proceedings of the EAGE 2001
Conference, Delft, Netherlands, June 11-15, 2001.

M
O

Bailey, J.T., Evans, S., and Robin, G. de Q., 1964, Radio echo sounding of polar ice sheets,Nature, Vol.
204, No. 4957, pp. 420-421.

3.

Chaudhari, M.S., Subbarao, C., Chandrasekhar, V., Roy, J., and Ramteke, R.S., 2014, Ground Penetrating
Radar studies for locating subsidence zones and buried boat wreck, Proceedings of the Indian Geophysical
Union, 51st Annual Convention, Nov 2014, Kurukshetra, Haryana, India pp.180-185.

4.

Davis, J.L., Annan, A.P, Black, G., and Leggatt, C.D., 1985: Geological sounding with low frequency radar;
in Extended abstracts, 55th Annual International Meeting of the Society of Exploration Geophysics,
Washington, D.C.

5.

El Said, M.A.H. 1956, Geophysical prospection of underground water in the desert by means of
electromagnetic interference fringes, Pro. I.R.E., v. 44, p. 24-30 and 940.

6.

Gergan, J.T. Dobhal, D.P., and Kaushik, R., 1999, Ground penetrating radar ice thickness measurements of
Dokriani bamak (glacier), Garhwal Himalaya, Current Science, Vol. 77(1), pp. 169-173.

7.

Gergan, J.T., Thayyen, R.J., and Dobhal, D.P., 2006, Ice Thickness and Subglacial Topography Studies by
Ground Penetrating Radar during the XX Indian Antarctic Expedition, Twentieth Indian Expedition to
Antarctica, Scientific Report, 2006, Ministry of Earth Sciences, Technical Publication No. 18, pp 183-189.

8.

Holser, W.T., Brown, R.J., Roberts, F.A., Fredrikkson, O.A., and Unterberger, R.R., 1972, Radar logging of
a salt dome : Geophysics, 37, pp. 889-906.

9.

Maheswari, K., Senthil K. P., Mysaiah, D., Ratnamala, K., Rao, M.S.H. and Seshunarayana T., 2013, Ground
Penetrating Radar for Groundwater Exploration in Granitic Terrains: A Case Study from Hyderabad, Journal
Geological Society of India, Vol. 81, pp.781-790.

I
SA

2.

10. Maurya, D.M., Patidar, A.K., Mulchandani, N., Goyal, B., Thakkar, M., Bhandari, G. S. , Vaid, S.I., Bhatt,
N. P. and Chamyal, L.S., 2005, Need for initiating ground penetrating radar studies along active faults in
India: An example from Kachchh, Current Science, Vol. 88, No. 2, 2005.

11. Saikia, A., 2015, Active Fault Mapping and Validation Using Geophysical and Terrain Parameters for
Assessing Seismic Hazards In Parts Of Himalaya, Thesis, Indian Institute of Remote Sensing (IIRS), India
and ITC, The Netherlands.
12. Sinharay, Rajib K., 2011, Ground Penetrating Radar survey in Antarctica; Twenty Second Indian Expedition
to Antarctica, Scientific Report, 2011: Ministry of Earth Sciences, Technical Publication No. 20, P.21-22;
155-170.

13. Subbarao, C. and Chandrasekhar, V., 2014, Detecting oil contamination by Ground Penetrating Radar
around an oil storage facility in Dhanbad, Jharkhand, India, J. Ind. Geophys. Union, Vol.18, no. 4, pp. 448454.
14. Unterberger, R.R., 1978, Radar propagation in rock salt: Geophys. Prosp., Vol. 26, pp. 312-328.
15. Walford, M.E.R., 1964, Radio echo sounding through an ice shelf, Nature, Vol. 204, No. 4956, pp. 317319.

189

National Conference on Prospects and Retrospect in Engineering Geology,
Geophysics & Instrumentation (EGCON-2018)
GSI, Hyderabad, 3rd-5th December, 2018

Geophysical survey for addressing geo-environmental problem due to
unplanned rapid urbanisation
P. C. Jha
H S Venkatesh
National Institute of Rock Mechanics, Bangalore - 560070

Abstract

M
O

Rapid urbanisation in mega cities has lead to unplanned construction in and around natural setting leading to
destruction of precious eco-system. Under one such classic case at Bangalore, construction of ultra-luxury apartment
on hill-top had blocked the feeder channel to a lake at the foothill leading to collapse of approach road. This could
possibly lead to a bigger problem in future. This is being discussed here as a case study for geophysical investigation.
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Tata Promont is a well-known housing complex with four signature towers developed over Hanumagiri hill at
Hosakerehalli in the city of Bengaluru (fig.1). There is a Hosakerehalli Lake right below Hanumagiri hill. Water
from this hill used to flow into the lake through the feeder canals/ subsurface flow path. As a part of construction
exercise, access road to the apartment complex was laid by back-filling the slope portion.
In the year 2016, a segment of this road approach road caved in with wide cracks observed for long stretches near
the entrance. There was an incidence of undercutting of the subsurface soil (Fig. 2). Initially it was thought to be
a problem of the underground drainage system but its restoration did not solve the problem.

In order to examine the reason behind this failure and to arrive at a permanent solution, comprehensive geophysical
survey was done in and around the affected segment by using GPR, seismic refraction and resistivity imaging
techniques.
With approach road tarred on the top, only GPR survey could be done there. On the ramp side of the road, both
resistivity imaging and seismic refraction survey surveys were done along the same stretch. Schematic plan of the
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survey area indicating lines for geophysical survey is shown in Fig. 3. The lines for surface survey were located at
two places, i.e., (1) on the ramp area West of the access road and (2) on the access road itself. Using dual
frequency GPR on the tar road, the presence of some likely subsurface anomaly pockets was identified. Later
resistivity imaging and seismic refraction survey was made on the ramp area to trace the presence of similar
anomalous signature on the ramp side. If present, they might be missing link to a sub terrain water-flow channel
system.
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Seismic refraction survey along the ramp indicated top 7m layer with seismic velocity below 1000m/sec (loos to
compact soil or fill material). There was a well-marked low velocity zone in this section between 45-60m at 5m
depth (fig.4). The resistivity section along this line showed background resistivity value of less than 500 ohm-m
(likely fill-up material) Three conspicuous high resistivity pockets within this fill-up zone were identified – marked
as 1, 2, and 3(fig.5). In the GPR section of first segment (out of three), a well-marked feature appeared between
25-35m chainage at 1.5-7.0m depth. None of these features were present around the subsurface drainage pipe.
Hence the role of any problem with drainage system was ruled out.
By correlating the anomalous features in the three geophysical survey sections, it was concluded that there exists
at least three sub terrain water flow paths from top to bottom within the surveyed portion itself. The construction
of approach road by filling up the slope portion had blocked these natural water flow paths from top of the hill to
a prominent lake at its foot. This is shown by dotted lines obtained by joining the features observed on the three
survey lines (fig.7). When the sub terrain water flows from top during the rainy season, the pore-pressure
increases due to this blockage of flow path. Once the limiting value (of pore pressure) is crossed, the fill material
constituting the access road is washed away leading to cutting of road and widespread damage on the surface.
The only permanent solution to avoid any future damage to the access road in subsequent rainy seasons is to
devise and provided a proper guided flow-path around the area identified by the survey. It would be better to
carry out similar survey all around to find out any other water flow paths getting blocked unintentionally and
restore them properly.
Thus this survey work highlights the role of proper geophysical survey in all types of urban construction to avoid
any settlement related problem(s) to building, road or any other superstructure.
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Abstract

Instrumentation used in Geotechnical aspects are mainly to monitor the performances of engineered infrastructure
earth slopes and the underground support structures. The main purpose is to verify the performance of the
underground structures in a long-term bases, control the construction procedures, giving adequate warning
against any rock displacement or exceeding loads on a rock bolt supports and protection. The paper investigates
the recent technologies adapted in instrumentation for monitoring geo technical Underground structures and
considers new changes in the ways of monitoring in the future and challenges faced in instrumentation and
methods to overcome those challenges. The paper also summarises based on the case studies in special projects
on how and where to install instruments. Based on the Q value of the rock and other geotechnical data, the load
on the rock bolts provided in these structures can be predicted and almost similar load can be observed in the
Load cells. The movement of the rock mass can be predicted based on the joints pattern obtained from the face
maps and instruments like Multipoint Bore Hole extensometers or Magnetic extensometers can be installed at
required locations. The weak zones can be identified based on the face maps obtained and the Q value of the
rock mass so that the maximum load over the underground structures and displacements which are predicted at
a specific location can be measured precisely using the instruments installed and the same can be verified with
the instruments.
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With the manifold increase in infrastructure development throughout the world, many of innovative structures
are being constructed globally. The assurance of performance of these structures during the construction and
even after completion still remains a question mark. With increasing knowledge of instrumentation these days,
it can be possible to periodically validate the behavior of the structure for long term also.
In general when there is an excavation in rock mass, the stress filed is locally disturbed and a new set of stresses
will be familiarized in the vicinity. When there is redistribution of stress is in process, the resultant strain in the
form of deformation also takes place. Development in the field of geo technical engineering led to developments
in various technologies for investigation, design, construction and monitoring of underground works.
This paper will emphasize the monitoring of underground structures. The influence of geological features on
deformability characteristics has also been discussed in this paper. Deformability is recognized as one of the
most important parameter governing the behaviour of rock masses. In fact deformation was suggested to be used
rather than stress is used as a basis for a stability assessment of rock mass. The advantage of this approach is
obviously positive as deformation can be measured directly while stress need to be calculated fictitious physical
quantity which cannot be observed and measured directly.
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In this paper the measurement of parameters and their influences on the structure will be discussed. The
parameters like deformation, convergence, divergence, tunnel closure, load transfer on the support installed,
pore water pressure , stress field, surface settlement , horizontal displacement/ deformation, ground water level,
blast vibration , redial & tangential support pressure and strain measurement. This paper also focused on the
methods which make possible the determination of absolute displacement with the help of instruments like
MPBX (Multipoint Borehole Extensometer), Magnetic Extensometer with multiple points of measurements,
Instrumented rock stress meter (IRB), Load cells, Pressure cells, Stain gauges, Vertical/ horizontal inclinometers
and geodetic targets and crack meters for the deformed surface resulted cracks. As such field instrumentation for
support and lining design is gaining popularity among both designers and construction engineers with little
hesitation due to initial hindrance to construction progress. Of course, eventually the construction engineer did
realise the net saving in the time of completion of tunnel resulting to the reduction in the number of tunnelling
hazards and cost overruns.
Keywords: Vibrating Wire type Piezometers, VW type MPBX, VW type Load cells, VW type Instrumented Rock
Bolt, VW type Strain gauges, VW type Pressure cells, Magnetic extensometer, VW type crack meters and Bi reflecting
targets.
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Abstract

Micromechanically, frictional sliding and crack growth are two main processes which govern the response of
the quasi-brittle rocks under stress field. It is experimentally demonstrated that the response of quasi-brittle
rocks under triaxial stress state show the transition of material behaviour from brittle to ductile at high confining
pressures. The non-linearity in the stress-strain response of quasi-brittle rocks can also be attributed to the crack
growth and frictional sliding. The frictional sliding along the closed cracks lead to macroscopic plastic strain
and crack growth induces material damage. Hence, a micromechanics-based elastoplastic damage constitutive
model would be more suitable in assessing the response of quasi-brittle rocks.
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In this paper, micromechanics-based elastoplastic damage constitutive model is used which consider matrix
phase as a linear elastic with a number of random embedded penny-shaped cracks. The model is based on
Eshelby’s inclusion problem. The model is formulated by linear homogenization procedure with the MoriTanaka scheme under the irreversible thermodynamics framework. Micromechanics-based elastoplastic damage
constitutive model considered in the present study requires six parameters. The parameters are successfully
calculated for the Kota sandstone from the conventional triaxial testing further, analytically the response of the
Kota sandstone is calculated from the model and the results are compared with the triaxial test results of Kota
sandstone. It is observed that the micromechanics-based elastoplastic damage constitutive model considered in
the study predicts the triaxial response with a good accuracy. It can be concluded from the study that, the use of
such a model will increase the accuracy of discrete element based numerical models.
Keywords: Micro-Mechanics Model, Triaxial Behaviour, Brittle-Ductile transition
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Salient features of Srisailam Project and
Srisailam Left Bank Canal tunnel of
Alimineti Madhava Reddy Project, Telangana State
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during their field visit on 5th December, 2018.
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Srisailam Left Bank Canal tunnel of Alimineti Madhava Reddy Project (AMRP) envisages carrying 113.28
cumecs (4,000 cusecs) of water from Srisailam reservoir to the plains of Nalgonda district, Andhra Pradesh.
The Nallamalai hill ranges present in between the Srisailam reservoir and plains of Nalgonda district are
proposed to cross over through two tunnels. The first tunnel T1 of 9.2 m finished dia, 43.882 km length, take
off from the foreshore of the Srisailam reservoir and opens into an approach channel, leading to a balancing
reservoir on the Dindi River. From the balancing reservoir another open channel on the other bank lead to
Tunnel T2 of 9.00 m finished dia, 6.627 km length, which ultimately takes water to plains of Nalgonda district.
The proposed T1 tunnel alignment passes through Reserved Forest, which is declared as Wild Life Sanctuary –
Project Tiger: Nagarjunasagar-Srisailam Tiger Reserve Forest, also known as Rajiv Tiger Reserve. The Project
Authorities decided to excavate the tunnel T1 with the deployment of Tunnel Boring Machines and tunnel T2 by
the conventional drilling and blasting method. Presently the discussion is confined to the tunnel T1.
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The proposal of the tunnel project was under consideration by the Irrigation department since 1980. Geological
Survey of India carried out preliminary geological appraisal along the proposed tunnel alignment during Field
Season 1982-83. As the tunnel alignment falls in Wild Life Sanctuary and the proposed tunnel is very long, a
number of deliberations were made at that time and since Ministry of Environment and Forest did not agree for
any intervention in the Wild Life Sanctuary, the proposal of driving tunnel was dropped and alternatively a lift
scheme was developed, keeping its intake in the foreshore of the Nagarjunasagar reservoir, which is present at
90 km downstream of the Srisailam Dam. Subsequently, the I&CAD Department, Government of Telangana
State pursued the tunnel project with minor modifications and M/s Jaiprakash Associates Limited of Jaypee
Group is executing the project, while M/s Robbins of USA is executing the TBM. The execution of the project
is obviously subject to the approvals of Ministry of Environment and Forest, Government of India.

Presently, the Tunnel T1 is under progress of excavation with the help of Tunnel Boring Machine (TBM) from
intake and with another TBM from exit of the tunnel. It is reported that excavation of the tunnel is completed
about 13.6 km from intake and about 19.3 km length from outlet of the tunnel. It is expected that both TBMs
will join together and the tunnel will be through in another two years time. Present visit is study of the tunnel at
its intake portal and a drive into 13.6 km length of excavated tunnel from its intake upto its heading. It will be
thrilling experience and a rare opportunity to have a glance over the TBM in operation.
Geology

Geomorphologically the area of the proposed tunnel alignment cutting across the Nallamalai Hill ranges, may
be divided into flat topped hills forming plateaus and deeply incised valleys. Major stream courses cut across
the tunnel alignment are – Mamidrevu vagu, Moti vagu, Nalla vagu, Narsimlu vagu, Dindi River. The rectangular
drainage pattern of the Krishna River and its deep gorges indicate that the river may be joint controlled, its down
cutting must have kept pace with the upliftment of beds. Generally, the drainage is controlled by structure, such
as faults, shears and master joint sets.
The granites of Archaean Age are overlain by the Srisailam Formation of Cuddapah Super Group with a marked
unconformity in between. The hill ranges and plateaus of Nallamalai Hill ranges comprise Quartzites, shales
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and siltstone of Srisailam Formation and the plains in the northern part is occupied by Granites of Archaean
Age. The stratigraphic succession in the area is as follows.
Igalpenta Quartzite
Srisailam Formation

Tapasipenta Siltstone
Kakletivagu Quartzite

—————— Unconformity———————
Archaeans

Granites intruded by basic volcanics
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Some geotechnical aspects of the tunnel alignment under consideration
Though the proposal is broadly similar to that of the one which was under consideration by the I. & C.A.D.
Department during 1980s, there are certain changes presently made by the construction agency, especially the
portal locations of inlet and outlets of tunnels T1 and T2. Originally the inlet of tunnel T1 was under consideration
near Akkamahadevi cave temple on the left bank of the Krishna River, about 11 km upstream the Srisailam
Dam. Later, the intake site was shifted to about 3.5 km upstream to the Srisailam Dam.
Portals of tunnel T1

The proposed intake portal of the tunnel T1 location is under thick cover of debris and scree. Above the
proposed portal location, steep scarp face for about 30 m height is present, which consists of thick bedded,
ferruginous quartzite belonging to the Srisailam Formation. Overlying the scarp face, a flat slope for about 100
m and then again another scarp of 70 m is present. The proposed portal location is dissected with two sets of
vertical joints and one set of sub-horizontal bedding joints. Glide cracks, slump features are present in the bed
rock, which may extend about initial100 m into tunnel length. The outlet portal is located along the northern
slopes of Nallamalai hills near Amrabad. As the valleys along the hill slopes are deeply incised, portal locations
need to be taken deep into the hills with adequate false portals.
Rock cover vertical/lateral

Rock type and structure
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The rock cover over the proposed tunnel alignment range from a minimum of 20 m to a maximum of about 500
m. At the Mamidrevu vagu crossing, at about 10 km length, the minimum cover is present. In fact, it is reported
that the tunnel alignment is getting daylighted in the valley and to avoid such situation, the tunnel alignment is
shifted slightly towards west, so that a minimum of 20 m cover is available.

The tunnel grade is nowhere exposed nor any sub-surface information is available along the proposed tunnel
alignment. As the entire tunnel alignment falls in Tiger Reserve Forest, sub-surface investigations, such as,
drilling boreholes along the proposed tunnel alignment is not permitted. Further, most of the tunnel alignment is
inaccessible for physical examination. However, based on the data available through regional mapping, duly
taking help of aerial photo study and using remote sensing techniques and experience gained in the tunnels of
Srisailam Left Bank Underground Power Station, a broad preliminary assessment is made. The tunnel will pass
through Srisailam Formation of Cuddapah Super Group and Granites of Archaean Age. The Srisailam Formations
overlie the Granites with an unconformity. The quartzite and siltstone of Srisailam Formation show horizontal
to sub-horizontal disposition depending on the slope of the basement on which they were deposited. The
granites are intruded by basic dykes. The location of the contact between quartzite and basement granite
decides the length of the tunnel to be driven in individual litho units, which affects the tunnelling costs. On
exposure at the portal locations or on obtaining some sub-surface information, classification of the rock mass
will be attempted and tentative rock support system will be worked out.
Seepage
As per the situation experienced in the head race tunnel of the Srisailam Left Bank Underground Power Station,
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which is present in the vicinity, it was expected heavy seepage into the tunnel, especially in the initial 5 km
reach of the tunnel. It is because the tunnel alignment in the reach runs along the Krishna River, in close
vicinity to the reservoir. Further, at the crossings of major stream courses, such as, Mamidrevu vagu, and Nalla
vagu, heavy seepage was anticipated into the tunnel. Rest of the tunnel alignment may be wet to dry.
Tunnel T1
9.2 m
10.00 m
43.931 km
Circular
Pre cast segment lining
back filled by pea gravels.
Lining with M-50 to M-80
concrete. Opc 53 grade
cement. Densely reinforced.
300 mm (100 mm gap to
be filled with p-gravel)
113.28 cumecs
(4,000 cusecs)
1 in 3233
1.951 m/sec
+251.722
+260.551 m
+238.133 m
+246.962 m
+245.00 m
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AMRP Tunnels
S.No. Feature
1.
Diameter (finished)
2.
Diameter (excavated)
3.
Length
4.
Shape
5.
Lining type

Lining thickness

7.

Carrying capacity

8.
9.
10.
11.
12.
13.
14.

15.

Gradient
Velocity
Invert level at tunnel entry
Crown level at tunnel entry
Invert level at tunnel exit
Crown level at tunnel exit
FRL of Dindi Balancing
Reservoir
Inlet of the tunnel

16.

Outlet of the tunnel

17.

Inlet portal coordinates

18.

Outlet portal coordinates

300 mm
113.28 cumecs
(4,000 cusecs)
1 in 2824
2.03 m/sec
+233.49 m
+242.49 m
+230.965 m
+239.965 m
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6.

Tunnel T2
8.758 m
9.60 m
7.13 km
Horshe shoe
Cast in-situ

About 3.5 km upstream of
Srisailam Dam axis on the
left bank of the reservoir
Within the Dindi valley,
about 6 km downstream
of the existing Dindi
Reservoir.
Latitude 16° 6’27":
Longitude 78° 53’20"
Latitude 16° 30’14":
Long 78° 54’01".
About 1° 35’19"

-

-

Lat 16° 32’24":
Long 78° 56’58"
Lat 16° 35’43":
Long 78° 58’24"
About 22° 39’38"

19.
Bearing of tunnel
Tunnel Boring Machine
10 m dia Double Shield High Performance Hard Rock Tunnel Boring Machine.
It is the largest TBM deployed in India till date.
Length of Machine with Double Shield
:
12.40 m
Length of Back Up System
:
120 m
Total weight of the System
:
1,400 T
Electrical Motors Installed
:
5100 HP
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800 MT/Hr.
22,500 m
800 MT/Hr.
2.4 m/hr.
34,56,200 cum
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Capacity of Conveyor System
:
Length of Conveyor system with each machine
:
Stacker conveyor capacity
:
Maximum expected progress per hour
:
Total quantity of underground excavation
:
Back up equipment with TBM
Probe / Grout Drill fixture
Probe / Grout Drill Copco 1238
Dry Grout System
Invert Grout Pump
Secondary Grout Pump
Laser Guidance System
Fire Suspension System
Data Acquisition System
Communication System
Safety Container
Ventilation System: Air Handling capacity: 48 m3/sec
Pre-cast Segment Lining
Length of each Ring
: 1.60 m
No. of segments in each ring
: 7 Nos.
Total No. of rings
: 27,438
Total No. of segments
: 1,92,063
Concrete quantity of segments
: 4,39,000 cum.
Total steel quantity per ring
: 1.52 MT
Total quantity of steel for lining
: 41,705 MT
Period of production
: 46 months
Storage capacity
: 2500 Rings.
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Some observations on the segmental concrete lining of the AMRP-SLBC Tunnel-1:
1. The excavated periphery of the tunnel cannot be seen at any time of excavation, either during or after
excavation. Segmental lining panels are simultaneously fixed in their place and no scope to examine the
condition of rock mass after excavation.
2. As there is no scope for physical examination of the tunnel medium at any point of time, it has to be
ascertained based on geophysical probe methods, which are indirect means to assess rock condition. Complete
and correct assessment of rock mass purely based on probe methods may not be always correct. There is
every possibility that we may miss some vulnerable zones which may require proper attention. Especially,
wedge failures and thin shears may not be identified and delineated in the Geophysical probing, which can
pose stability problems at a later date.
3. No scope to treat over breaks, chimneys formed in the crown portion. Pea gravel injected into it can settle
down to lower levels on either side, leaving open space in the crown portion.
4. It appears that the segmental lining is common for all qualities of rock mass. It is reported that the lining is
designed to take 27 m of vertical rock loads.
5. No means of checking proper packing. There is a possibility of voids and unfilled pockets behind lining
panels, in such case, the rock mass don’t rest properly on the lining. Compaction of pea gravel and to put it
in its place may not be possible unless the open end face is closed properly.
6. Grout may not travel through the pea gravel. Difficult to ascertain efficacy of grouting and Quality Control
in this aspect.
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7. There is a provision to grout pea gravel only present between rock and segmental lining panels. There is no
provision to grout rock mass around periphery of the tunnel.
8. There is no provision for maintenance of panels of segmental lining. Any damage occurred to the panels
while construction or at a later date or once the TBM crosses the zone, can not be repaired or replaced. It is
a permanent loss and that can lead to deterioration of adjacent panels.
9. The tunnel lining is designed for external loads only and not for internal loads at all, considering the
hydrostatic head available in the tunnel is negligible. Since the tunnel intake is about 10 m below the
MDDL of the Srisailam reservoir, there is always certain head available in this portion and gradually the
tunnel gets free board towards it exit. In case of any roof collapse during functioning in the life span of 43
km long tunnel, there is a possibility of tunnel gets chocked due to surge effect, in which case, high internal
pressures can be developed and can hammer the tunnel and tunnel lining. Suggested to provide surge shaft
in between, especially at low cover areas to take care of such eventuality.
Salient features of Srisailam Project

Srisailam is a seat of Holy Shrine of ancient period.

Srisailam Project is a modern temple.

Construction of dam started in 1974
st

Completed in 1980.
 1 overflow in 1984.

Srisailam Project has 3 main components.

Srisailam Dam with 308 TMC capacity reservoir.

Srisailam hydroelectric project on right bank of the river (7 x 110 MW)

Srisailam left bank underground hydroelectric project (6 x 150 MW)
Srisailam Dam & Reservoir

Length: 512 m

Max. height: 143.86 m

Max. base width: 109.72 m

Spillway gates: 12 No. (60’ x 55’)

Crest level of spillway: 252.98 m.

FRL +269.75 m (885 ft)

MWL +271.27 m (890 ft)

MDDL +213.36 m (700 ft)

Gross storage capacity at FRL +269.75 m = 8.725 TMCum (308 TMC ft)

Live storage capacity = 250 TMC ft.

Average bed level: 169.16 m

Deepest bed level: 153 m.

Dam founded on flat bedded and jointed quartzite with thin layers of inter bedded shales. Thickness of
shales varies from a few cm to 2m.

Foundation exploration reveal presence of mainly two bedding shear zones in blocks 10 to 15: Between
RL +149.35 and 153.32 m; Between RL +146.3 and 148.74 m

In-situ tests conducted to determine shear parameters of shales.

Cohesion 1.26 kg/sq cm; Angle of internal friction 170 24’

It was decided to increase shear friction factor by following certain measures in the design.
Geology

Srisailam area forms part of the Nallamalai Mountains.

Srisailam Formation is upper part of Cuddapah Supergroup of Proterozoic age.

Igalpenta Quartzite and Tapasipenta Siltstone are 2 prominent Members of Srisailam Formation exposed
in the area. Rock types are predominately quartzite with thin interbedded layers of shale.

The formations are flat bedded or dip about 50 towards southeast.
The safety measures adapted to improve stability of dam and to minimize stresses that are being developed
under the seat of the dam.
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The deflection of the structure due to loading.
Occurrence of scour in the downstream of the spillway.

Effective drainage.

Axis of the dam is given curvature having of10930 m radius.

Dam was constructed as a monolith without any construction joint from foundation grade to 160 m –
166 m.

Foundation blocks were made Wedge shape in plan.

An RCC grillage block was provided at the toe region of the monolith covering deep river bed blocks.

A toe trench of 6 m x 5.49 m depth was provided and back filled with concrete.

A batter of 0.5 to 1.0 was provided on the upstream face of the dam body.

4 rows of 4 m wide longitudinal drifts and vertical shafts in blocks 11 to 15.
Post Construction Problems: 1. Seepage.

Heavy seepage noticed from rock foundations from both the flanks.

1250 gallons/min on left flank and 656 gallons/min on right flank.

Curtain grouting; rock slopes u/s of dam were also grouted; u/s right side slopes were gunited.

Seepage reduced to 800 gallons/min and 210 gallons/min.

Exc. For adit to HRT helped to minimize seepage onto dam flanks.
Post Construction Problems: 2. Spillway overflow.

Construction of the dam was completed and gone into operation since 1984.

The scour patterns after monsoon of 1984 was observed.

The protection works taken up during 1985 and 1987 included a row of steel cylindrical shells cut to
rest in bottom of rock profile land filled with colgrout was constructed to protect the concrete apron laid
earlier downstream of blocks 9 to 13. These shells were filled with rubble and colgrouted. The top was
covered with R.C.C. slab.

In addition, 1 m long concrete cubes were dumped in the downstream of cylinders for further protection.
Subsequently, after colgrouting the cylinder and laying the apron, the cavities were filled with tremie
concrete.

The riverbed profiles downstream of the dam were monitored for several years. It indicated progressive
increase of scouring to the downstream of the dam.

The scouring and undermining of steel cylindrical shells and reinforced concrete apron by head ward
erosion is continuing.

The possibility of scour extending below the foundation of dam, especially in the deep riverbed blocks
7 and 8.

The possibility of daylighting the bedding shears in blocks 11 to 13 due to erosion of rock ledge that
originally existed at downstream toe.

The studies indicated that there is danger for the stability of the dam by shear failure. An underwater
videography in 1999 further confirmed the problem.

Proposals for providing another row of cylinders in the upstream of the already existing line of cylinders
are under active consideration.

Flanks: Shotcrete, back filling open joints, anchoring rock strata, Schedule of gate operation

Apron: steel cylinders filled with rubble 6.5’dia, 32 nos. d/s of 11 to 13 blocks, RCC raft, cavities filled
with concrete.

Plunge pool: Considerable and continuous deterioration in bed profiles in plunge pool area. Scouring
occurred to the tune of 24 m (1982 to 1997).

Further scouring affected retaining wall on right bank leading to entry of flood water in to right bank
P.H.
Right Bank Power House

7 units of 110 MW
 Max. head 104.85 m

HRT: Dia15 m; Length 740 m.
 Control of seepage.

Stability of the ridge slopes.
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Important Information to the delegates
The venue of the Conference is M.S. Krishnan Auditorium, GSI Training Institute, GSI Complex, Bandlaguda, (near
Mansoorabad), Hyderabad.
2. No conveyance is being provided to the delegates from/ to Airport or from Railway Station.
3. As Guest House facility is very limited in GSI premises, only a few rooms are already pre-booked to a few elderly
delegates who have put their requests earlier.
4. At GSI Training Institute, some hostel facilities are available for delegates, for booking hostel accommodation, interested
delegates and students participating the Conference are requested to contact Shri PVVR Sharma (veda_pvvr@yajoo.com;
+919848116442), preferably by November 30, 2018.
5. However, a few reasonably good and budget hotels (rates varying between INR 2200/ and INR 2700/- per room night based
on room types and accommodation -single or twin sharing), as indicated here, are identified for the stay of the delegates
which are near to the GSI premises. Interested delegates are requested to directly call the hotel and confirm their
bookings at their own cost. You can also book these hotels through popular hotel booking websites too.
A. HOTEL ABINAND GRAND, Opp. Big Bazar, Near Kamineni Hospitals, L.B. Nagar, Hyderabad-500 068. Phone: 04024039994, 24039995, 24039996; Mobile: 7799708094. Email: info@abinandgrand.com, abinand.grand@gmail.co, Web:
www.abinandgrand.com
B. HOTEL SWAGATH GRAND NAGOLE, PSR Complex, Alkapuri Cross Road, Nagole, 500068 Hyderabad, India;
Phone No. 040-24229900.
C. HOTEL SITARA GRAND, L B NAGAR (040-24112221)
All the above three hotels are on Inner Ring Road, near Kamineni Hospitals, L.B. Nagar and near Nagole, about 30 km from
Hyderabad Airport and about 15 km from Secunderabad Rly Stn., and about 15 km from Hyderabad Rly Stn. Cabs may be
availed to reach the above places of accommodation. The Conference venue at GSI Complex is about 3 km. away from all
the above hotels.
6. Mini buses are being arranged to collect delegates from Hotels (Abinand Grand/ Swagath Grand) to the Conference venue
and back free of cost. Mini buses will leave the hotel between 8.00 and 8.30 am. Delegates who stay in other hotels may
reach to the Abinand Grand/ Swagath Grand before 08.00 hrs., so that they can avail the transport facility from Abinand
Grand/ Swagath Grand to Conference venue and back.
7. The transport facility from Abinand Grand/ Swagath Grand to Conference venue will be provided for two days of the
Conference, i.e., on 3rd and 4th December, 2018.
8. On the third day of the Conference, i.e., on 5th December, 2018, a field visit is scheduled to Srisailam area and back on the
same late night. Hired bus transport will be provided to delegates to the site and back. Rs 500/- will be charged per head
towards cost of transport and other sundry expenses including breakfast and other refreshments, which the interested
delegates are to pay on the 1st day of the Conference that is 3rd December positively at the Registration Desk after
registering for the field trip too, along with signing of a mandatory liability waiver declaration form (Annexure-I).
9. Tentative itinerary of the field visit indicated below:
06.00 am
10.00 am
Journey by bus to reach Srisailam. (Breakfast en route)
10.00 am
01.00 pm
Visit to TBM driven tunnel (AMRP-SLBC Project)
(Courtesy M/s Jaypee Associates)
01.00 pm
02.00 pm
Lunch Break
02.00 pm
03.00 pm
Visit to Srisailam Left Bank Underground
Power House Complex.
03.00 pm
04.00 pm
Visit to Srisailam Dam
04.00 pm
05.00 pm
Visit to Srisailam Temple
05.00 pm
09.00 pm
Journey back to Hyderabad.
All delegates may please note the above points, enjoy their stay in Hyderabad comfortably and take maximum advantage of the
Conference. For any further clarifications, the Organising Committee and myself will be happy to interact.
1.
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(M RAJU)
Chairman, Organising Committee.geolraju@gmail.com Mobile: 9432672087
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ANNEXURE-I
INDIAN SOCIETY OF ENGINEERING GEOLOGY (ISEG)
– The India National Group of IAEG

LIABILITY WAIVER FOR FIELD TRIP PARTICIPANTS
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The undersigned having been fully advised as to the nature and possible dangers and hazards of the field trip,
hereby acknowledges and agrees this 5th day of December, 2018, that:

1. __________________ herein referred to as “Participant”) intends to participate in one or more field trips
sponsored by the Indian Society of Engineering Geology (ISEG).
The field trip for which this waiver is being made is to be held on December 05, 2018, for Field Trip to AMRSLBC tunnel project, Srisailam.
2. Participant agrees and understands that during such field trip(s), he/she will be under the direction and control
of the trip leader approved by the ISEG, and specifically agrees to comply with all reasonable directions and
instructions by the trip advisor during the course thereof.
3. Participant understands and acknowledges that there may be risks of injury to person and/or property that are
associated with field trips, including without limitation risks related to travel hazards, terrain, weather, eating
and other circumstances. Participant hereby voluntarily assumes all risks connected with or arising out of his/
her participation in field trip activities, and waives any claim against ISEG, its office bearers, local organisers,
agents and members for any injury, harm, damage or other liability arising out of field trip activities.
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4. Participant understands and acknowledges that the ISEG assumes no liability for personal injuries or property
damages to participants or to third persons arising out of field trip activities. Participant agrees to hold ISEG
harmless from any liability for harm arising out of the acts or omissions of ISEG or Participant during any such
field trip, and indemnify ISEG against any and all awards or judgments against ISEG in favour of third parties
for losses and damages (including attorney’s fees and any costs involved because of said claims), on account of
injury, death or property damage, or inconvenience or loss of money due to delay that may arise, by reason of
Participant’s participation in field trip activities.
Date:

Signed:
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Participant’s Signature

