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Preface
Habitation in Nainital started only after 1841 and the township has been repeatedly devastated by mass movements
since 1867. In the past a number of persons have investigated the causes of slope instability in the area and based upon
the recommendations made from time to time many sincere efforts have been made from different quarters to set right
the state of affairs and to ensure that incidences of mass movement in the area are averted. With the passage of time most
mitigation measures have however been forgotten and age old practices discontinued. Unplanned, unregulated and
rapid developmental initiatives on the vulnerable slopes around the Naini lake have destabilised the delicate balance
brought forth in the geo-environment of the area through the efforts of several decades. Absence of appropriate
regulatory mechanism, non-compliance and disregard of the various safety related provisions together with nonappriciation and disrespect of the existing provisions have complicated the situation. This is reflected in enhanced pace
of erosion, rapid siltation of the lake and dwindling lake level. The situation warrants well planned corrective actions
backed by firm political will. Moreover these efforts have to be initiated before it is too late to react.
This study is largely based upon the observations made during the fieldwork undertaken in the area around Nainital in
the first fortnight of March, 2011. Wherever appropriate, the findings of the earlier workers have been incorporated in
this report and every attempt has been made to ensure that these are duly acknowledged.
Shri Sushil Khanduri has been a wonderful company in the field and in his absence it would not have been easy to
undertake fieldwork alone. Inquisitiveness of Shri Khanduri, as also discussions in the field have been helpful in better
understanding of the various issues involved.
Large portion of the report is based upon the study and analysis of the satellite imageries and correlation of the data sets
for depicting changes in the land use / land cover characteristics, as also for delineating lineaments and zones likely to be
affected by mass wastage. Ms Suman Ghildiyal, Ms Chanderkala and Shri Piyush Gupta together with Shri Ashish
Rawat and Shri Sunil Badoni have worked hard and stretched themselves for timely completion of this work under the
supervision of Shri Bhupendra Bhaisora. The land use / land cover results have been painstakingly cross checked a
number of times as these did not sound convincing at the first instance. Patience of both Ms Suman Ghildiyal and
Ms Chanderkala is highly appreciated. They never hesitated in repeating the same exercise over and again.
The land use / land cover changes introduced in the are around the Naini lake in the previous six years clearly reflect
mounting anthropogenic pressure on the vulnerable slopes. Anthropogenic intervention has also been observed to be
taking place in the areas earlier earmarked as Prohibited areas as also in the recharge zones of the lake. If allowed to
continue unabated these initiatives, mostly intended at satisfying short term commercial motives, suggest impending
doom.
More than assessing the present state of affairs this document attempts to put forth the work done previously by
numerous people, known and unknown, for making Nainital a safer place to live in. This, I am sure would help people
better understand the geo - environment of Nainital and motivate a few to attempt revive some of the old practices. The
effort put in by Shri Manoj Pande in collecting old reports and other documents from various sources deserves special
mention.
The previous publication of Disaster Mitigation and Management Centre (DMMC) focused on the earthquake
vulnerability of the built environment of Nainital and I am sure this report would help in better appreciating the
recommendations of that report. Nainital is located in Zone IV of Earthquake Zoning Map of India and the situation in
the event of an earthquake might be greatly complicated by downslope mass movement. It is therefore a must to
integrate both earthquake and landslide safety related issues while considering any developmental initiative in this
area.. Haphazard construction works, unplanned slope modification, blockade and obliteration of drains along the hill
slopes, irresponsible debris disposal and blatant disregard to earthquake safety related aspects are continuously adding
to disaster vulnerability of the people living in the lake city. Despite experiencing a number of devastating disasters the
people of Nainital are far from being sensitive and proactive towards disaster safety related issues and their commercial

and short sighted interests are observed to drive the city towards an imminent catastrophe.
The previous document of ours aroused interest of the residents of the city, as also policy makers on earthquake safety
related issues and this report, I am sure, would take the debate even further. Studies of this kind are highly important for
bringing forth awareness amongst the masses as also policy makers on this important issue, that should rightly be the
concern of one and all residing in this region for (s)he can in no way escape the consequences. This report is envisaged to
pave way for introduction of appropriate techno-legal regime and its sincere and stern compliance, introduction and
proliferation of the risk transfer measures and improved disaster preparedness levels. If implemented sincerely, these
can shield us, every one of us, against the likely devastating situation.
No study can claim to be flawless and there could be errors in this report as well. Despite these, the study brings forth a
general picture that is not encouraging. We, at DMMC encourage you to share, discuss and use the results of this study
for bringing forth awareness amongst the fellow residents and others on this highly important and pertinent issue. If
requested, we would be happy to share electronic copy of the figures used in this report for awareness generation related
efforts. We welcome your comments and quarries on this report, and we value both.
This study was partly supported by Disaster Risk Reduction (DRR) Programme of the National Disaster Management
Authority, Government of India, Ministry of Home Affairs, Government of India and United Nations Development
Programme, India. We acknowledge guidance and support from the Chief Secretary, Government of Uttarakhand Shri
Subash Kumar, Principal Secretary, Disaster Management, Government of Uttarakhand Shri P.C. Sharma, Additional
Secretary, Disaster Management, Government of Uttarakhand Shri Bhaskaranand and Dr. Rakesh Kumar, former
Secretary, Disaster Management, Government of Uttarakhand. Thanks are also due to Professor Sandeep Singh of the
Department of Earth Sciences, IIT Roorkee for assistance. Cooperation from Shri J. Radhakrishnan, Shri G.
Padmanabhan, Ms Abha Mishra and Ms Ranjini Mukarjee of UNDP, India together with all those who helped in data
collection, input and analysis is acknowledged. Dr. K.N. Pande is appreciated for the neat cartographic work. The effort
put in by Shri Govind Rautela in typesetting, layout and design of this report is duly acknowledged. All the colleagues at
DMMC are thanked; but for their commitment, support, cooperation and encouragement this work would not have been
possible.
I extend gratitude towards Dr. N.K. Agarwal, former Director, Geological Survey of India (GSI) who despite his other
engagements and health related problems willingly agreed to review the manuscript and suggest improvisations, that
too in a short time period. But for his comments the report would not have been in this shape. I am personally thankful to
him for critically reviewing the manuscript.
Last but not the least I thank my children, Ishan (Putput) and Aaryan (Chutput) and wife, Manisha who have been
cooperative all through and never complained of encroachment on their quality time. But for their support and
encouragement this report would have probably never reached you.

10th July , 2011
DMMC, Uttarakhand Secretariat, Dehradun

(Piyoosh Rautela)
Executive Director, DMMC
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Executive Summary
The hilly terrain is presently faced with the dilemma of maintaining a balance between development and
environmental conservation. In the hills the land available for undertaking various developmental
initiatives is severely limited and its utilisation is further restricted by stringent environmental regulations
as also the terrain characteristics. The infrastructure development related initiatives however have to keep
pace with the increase in population as also tourist and pilgrim inflow and consequent escalating demand
of various services that include accommodation, transport, recreation, electricity, water, sewerage and the
others.
Under these mutually conflicting forces the urban centres of the hills are witnessing unplanned, weird and
lopsided growth whereby proliferation of hastily built, not so legal constructions with scant regard to safety
measures is becoming commonplace and probability of major disasters is on the rise. Most urban centres have
already turned highly congested and safe disposal of atmospheric precipitation together with household
waste is becoming a major challenge and poses threat of mass movement in many areas. Moreover in many of
these urban centres approach to the disaster affected area might be difficult even for trained and equipped
search and rescue teams. This trend, if allowed to continue unabated, is sure to result in a situation that might
threaten the very existence of many hill habitations.
Most disasters have so far spared urban centres of Uttarakhand and Nainital is amongst a few that have
recorded history of massive and repeated devastations. Even though habitation around the Naini lake
commenced only after 1841 the city has witnessed a number of devastating mass movements since 1867 and
the town has been devastated by slope movement in 1880, 1893, 1898, 1924, 1989 and 1998. The landslides of
18th September, 1880 and 17th August, 1898 took toll of 151 and 28 human lives respectively.
These devastating events were however followed by a number of sincere efforts to probe the causes of slope
instability and to implement measures not only for mitigation but also for early warning. Based upon the
recommendations of the various committees further erection of buildings, quarrying and digging of terraces
or platforms were absolutely prohibited on the hill slopes identified as being vulnerable and earmarked as
Prohibited areas. Steep slopes were turfed and planted with trees and grass. Cutting and grazing were
absolutely banned. Drains were constructed all along the hill slopes around the Naini lake to quickly and
efficiently drain off major portion of the atmospheric precipitation into the lake. Based upon the
recommendations of the technical committees constituted from time to time protocols were formalised for
routine and regular observation of the ground subsidence, precipitation, lake and spring discharge, as also the
lake level.
With the passage of time after independence, many of these practices have slowly been abandoned and
restrictions imposed on anthropogenic intervention on vulnerable slopes have been flouted. Situation
however seems to have deteriorated fast after the creation of Uttarakhand and anthropogenic interventions on
vulnerable slopes around the Naini lake have registered a high pace in this period. Land use / land cover
changes in the previous six years alone show that large areas hitherto under appreciable vegetation cover have
been encroached and vulnerable slopes have been leveled for diverse purposes with scant regard to the
stability of the hill slopes. To make the matters worse the excavated material is observed to be disposed off
indiscriminately and irresponsibly in the nearest available drain and at many places the drains are being
obliterated by new constructions. The observations clearly show that the construction activities are going on
unabated even in the areas hitherto earmarked as Prohibited areas and even the directives of the apex court of
the country have failed to regulate these.
It is worth noting here that sanctity of the recharge zone is a must for the sustaining any lucustrine ecosystem.
Recharge zone of the Naini lake is at present witnessing overwhelming pressure of anthropogenic activities of
diverse kinds, particularly in Sukhatal and Ayarpatha areas. It is important to note that changes introduced by
these in the hydrological regime are bound to be irreversible. If these activities are not checked immediately
the very existence of the lake might be jeopardized. Continuously dwindling lake level is a clear cut warning
signal and we ought to initiate appropriate corrective actions immediately, otherwise it might well be too late
to respond.
Slope instability and geo-environmental issues of the area around Nainital
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In the past a number of hill slopes around the Naini lake, particularly to the east of the lake have witnessed
massive mass movement related incidences. These slopes, with highly fissile slates and shales with a veneer
of soil are observed to show downslope creep movement at many places. Unregulated anthropogenic
interventions together with changes in hydrological regime resulting in enhanced pore water pressure
conditions in this area can have catastrophic consequences. Drainage blockade along with irresponsible
debris disposal can thus trigger devastating mass movement along these slopes. Many areas in Nainital,
particularly in the limestone terrain have dislodged and highly fractured rock mass and these areas might
witness incidences of rock fall.
Moreover Nainital falls in Zone IV of Seismic Zoning Map of India and mass movement induced by
earthquake shaking can complicate the post-disaster search a and rescue operations.
Based upon the observations made in the field and the study and correlation of the various parameters areas
likely to be affected by slope instability have been delineated and it is recommended that the construction
activities around the Naini lake be strictly regulated and geological opinion be sought before initiating
intervention of any kind. Apart from this the recharge zone of the Naini lake must be kept free of
anthropogenic intervention of all kinds and stringent measures be adopted for ensuring compliance of these.

Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Introduction
Nainital is a lake city and famous tourist destination of Uttarakhand. It is situated on a east - west running
valley bound on the north by the peak of China (2611.5 meters), renamed as Naini peak that is continued by
Alma peak and the Sher ka Danda to the eastern extremity where the ridge descends almost to the level of the
lake. On the west the rugged hill of Deopatha rises to the altitude of 2435.1 meters and on the south Ayarpatha
attains an elevation of 2274.1 meters, diminishing gradually towards the east. The eastern boundary is the
pass through which the surplus water of the lake finds an exit and forms the Balia nala which is the principal
feeder of the Gaula river. The western end of the valley consists of a series of gentle undulations formed by the
debris of the surrounding hills while the eastern end is filled by the Naini lake which gives its name to the
place. The surface of the lake has an elevation of 1935.5 meters.
Nainital finds mention in the Manasa Khand of the Skanda Puran under the name Tririshi sarovar, or the lake
of the three rishis or sages; Atri, Pulastya and Pulaha. The legend says that these three sages, while on
pilgrimage came to the peak of the Gagar range (now known as Naini). They were tired and thirsty but could
find no water in the vicinity. They thus thought of Mansarovar and dug a large hole that was at once filled with
water from Mansarovar. The lake formed by them was thus called Tririshi sarovar. It is added that one who
bathes in it derives as much benefit as the ones visiting the Mansarovar. The Skanda Puran says that one who
bathes in the Mansarovar shall go to the Brahma lok (heaven of Lord Brahma) while one who drinks its waters
shall go the Shiva lok (paradise of Lord Shiva) and shall be released from the sins of a hundred births. It further
adds that even the beast that bears the name of Mansarovar shall go the Brahma lok. It equates the waters of
Mansarovar with precious pearls.
Another important mythological reference to Nainital is contained in the scriptures of Shakti cult that revere
Nainital as one of the 64 Shakti Peeths, i.e. centers of powers. Shakti Peeths originated from the primeval
Hindu principle that entails the female entity Shakti, the giver of life and fertility as the more dynamic and the
male as the more passive form of divinity. The spirit personified by Lord Shiva and the matter individualised
by Durga (the universal mother) has inspired several cults and schools of philosophy. The 64 Shakti Peeths are
specifically sanctified spots, where a particular portion of the Sati's body fell on earth. Unable to bear the
insults made to Lord Shiva she immolated herself in retaliation and vengeance in her father, Raja
Dakshaprajapati's yagna fire at Kankhal near Haridwar. Filled with grief Lord Shiva began to wander around
frantically with the corpse of Sati due to which the balance of the universe was disturbed. Lord Vishnu thus
intervened and released his Sudarshan Chakra, the celestial disc, ensuring that every part of Sati’s body was
cut off. Lord Shiva could revive from the spell of grief only after no portion of her corpse was left. Every place
where parts of Sati's body fell was revered as a Shakti Peeth. It is held that the left eye (nain) of Sati fell here
and this gave rise to the patron deity of Nainital; the lake of the eye.
The presence of the holy lake made Nainital so sacred that the snake god (Nag Karkotak) ordained that snake
bite to anyone in the vicinity of Nainital should not result in death. It is not surprising that before the advent of
the British the whole Nainital valley was treated as a temple by the locals and they entered the valley only after
bathing and removing their footwear in reverence.
The name Naini is thus derived from the temple of that goddess by the lake side. The original temple was at the
site of the present Boat House Club at the northeastern extremity of the lake. This temple was destroyed by the
landslide of 1880. After the slide the temple was built at its present location at the northwestern extremity of
the lake where the bell of the old temple was found.
Until the Treaty of Sugauli both Kumaun and Garhwal (including Nainital) were under the occupation of
nd
Nepal. With the signing of the Treaty on 2 December, 1815 this territory passed on to the British East India
th
th
Company. On 8 May, 1815 E. Gardener was appointed the Commissioner of Kumaun Division and on 8
July,1815 G.W. Traill was appointed his assistant.
Traill was later promoted as Commissioner of Kumaun Division. He was responsible for organising the
second revenue settlement of Kumaun in 1817 and it was during the course of the settlement that he visited
Nainital. He was the first European to have visited Nainital. Respect for the religious sanctity of the place as
Slope instability and geo-environmental issues of the area around Nainital
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also the sentiments of the local people however prevented him from popularising his visit. Traill had great
admiration for the traditions of the hill people and he did his best to conceal the existence of this holy place.
Bishop Herber, who visited Kumaun during that period, has mentioned about the popularity of Traill with the
hill people.
Rumors regarding the existence of Naini lake however continued to reach British travellers and one of them,
Barron decided to investigate the matter. Most people he met refused to tell him anything but hints and
oblique references confirmed his suspicion. Finally, through threats and cajolery he persuaded a guide to lead
him to the Naini lake. Fully aware that the local guides mislead the Europeans wishing to visit the lake, it was
with deceit that he succeeded in locating the site. He has mentioned the trick used for befooling his guide.
Barron asked the guide, who claimed to have never seen the place, to carry a big stone to Nainital.
Emphasising that there were no stones available around the lake he asked the guide to carry the stone carefully
as the same was required later by him. In order to get rid of the load the guide soon admitted that there was no
scarcity of stones at the spot; a fact which he could not have known without having visited the place himself.
Barron has further described that this trick was applied by later Europeans as well.
Clay (1928) is of the opinion that Barron came to Nainital in 1841 and his visit was popularised through
newspaper reports in Englishmen and Agra Akhbar. His next visit was a year later, in December 1842. At that
time the place was no more in its former obscurity and about half of dozen sites had already either been
applied for or granted and Lushington, the then Commissioner of Kumaun, had started to build a small house.
Moreover, the Commissioner had already planned out a bazar on the site of the present Mallital. Rapid
development of Nainital was apparently welcome by the hill people who, according to Barron, started to flock
in to get the lease of land for shops. Barron himself selected three sites and constructed a house for himself in
1842, Pilgrim Lodge, just above the present Nainital Club.
With some difficulty Barron even managed to get a boat measuring about 6 meters in length transported to
Nainital. He persuaded a Nar Singh Thokdar to accompany him in the boat. This Nar Singh Thokdar had
failed to establish his claim to Nainital and the surrounding mountains and the matter was then under appeal.
Threatening to upset the boat, Barron made him waive his claim in writing in the page of a pocket book. Nar
Singh Thokdar was later appointed patwari on a monthly salary of Rupees five.
The picturesque surroundings, together with the beauty of the lake, its proximity to the plains and a salubrious
climate, not unlike that of England were the main reasons that promoted development of Nainital as
recreation and health resort during the British Raj. By 1847 Naintal had already become a popular hill resort.
In the same year the Commissioner of Kumaun reported to the Government that 40 houses had been built at
Nainital and two were in the course of construction. 26 casual visitors had come to the place between March
and August 1847 and 61 had spent the summer season in Nainital.
During the outbreak of the First War of Independence in 1857 the situation in the hills largely remained
peaceful and Nainital served as refuge for the persons fleeing from the neighbouring stations in the plains. It is
said that some of the insurgents from the plains were hanged from a tree in the present Hawsdale Estate in
Nainital. The Bay below Hawsdale is shown in old maps as Hangman's Bay which is presently known as
Phansi Gadhera.
In 1862 Nainital became the summer seat of the NW Provinces and subsequently Indian bureaucrats and
professionals began to arrive in the town as part of the annual migration of the State Government during the
summer season.
Municipality of Nainital was constituted under the Act XV of 1873 and was managed by a Committee of six
members. By the 1880s, mere 42 years after its discovery, Nainital had become something of an exclusive
English preserve, with the Indian presence in the town confined largely to behind the scene labour and service
industry, or to occasional Princes of the Indian states. This state of affairs lasted for much of the Victorian Era
(Figs. 1 and 2).
By 1901 the population of Nainital had risen to 7,609. The next big change came in 1925, when British civil
servants began to receive subsidies for taking their annual vacations in England, and consequently, many
stopped going to the hill stations in the summers. From then on until 1947 (excepting the war years), the
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Fig 1. View of Nainital during the British rule. In the
background is seen Naini peak (2611.5 meters).

Fig 2. View of Nainital during the British rule in 1899.
Capitol building with earstwhile small ground is seen in the
photograph.

British presence in Nainital continued to decline and was gradually replaced by a burgeoning Indian presence.
With the growth of Nainital, real estate and tourism became thriving business. Mary Jane, mother of the
legendary hunter Jim Corbett, was the first estate agent in Nainital and she used to rent out properties during
the summer season. Concomitantly hotel industry also got a boost. Built by Tom Murray between 1870 and
1872, Grand Hotel was the first hotel to be established in Nainital. It was earlier known as Mayo Hotel.
With the installation of the rail link to Kathgodam in 1889 and formation of the Nainital district in 1891, the
importance of the town was further boosted. In 1905 Nainital became the headquarters of the Eastern
Command and completion of the motor road between Kathgodam and Nainital in 1915 further contributed to
the growth of the town.
One of the earliest buildings to be erected in Nainital was a church, St. John-in-the Wilderness. The site was
chosen as early as 1844 and approved by the Bishop of Calcutta, Daniel Wilson. The plans were prepared by
Captain Young, the Executive Engineer, and the corner stone was laid in October 1846. It was first opened on
nd
2 April, 1848. In 1856, it was taken over by the Government as a public building. There are several
memorials in the church and of these one commemorates those who were killed in the landslide of 1880 and
the other is a memorial tablet of the members of the Indian Civil Service who were killed in the First World
War (1914 - 18).
Another important building of that period, the Ramsay Hospital (now known as the Pt. Govind Ballabh Pant
Hospital) was completed in 1892. It was erected as a memorial to Sir Henry Ramsay, who was Commissioner
of Kumaun. The Crosthwaite Hospital (now known as Pt. B.D. Pande Hospital) was opened in 1896 by Sir
Antony Mac Donell on his first visit to Nainital as Lieutenant Governor. It was named after Sir Charles
Crosthwaite, the preceding Lieutenant Governor.
The most beautiful building constructed in Nainital during the nineteenth century is however the present
Government House or Raj Bhawan (Fig. 3). It is a two storied mansion with 113 rooms, a swimming pool,
th
garden and a Golf Course. The foundation stone of the building was laid on 27 April, 1897 and the same was
finished in March 1900. It was occupied by Sir Antony Mac Donell in that year. The estate comprises 86.85
hectares, chiefly of hill and forest. The design of the Government House was originally prepared by Stevens, a
Bombay architect and F.O. Oertel, the Executive Engineer but H.S. Wildeblood, who supervised its
construction, designed many of the details. Sir Antony Mac Donell himself took keen interest in the building,
as is apparent from the completion report. The architecture has been described as the early domestic Gothic
style. The material used is grey stone, though some Agra red sandstone has also been used for the
ornamentation of the facade and railings.
The main attraction of the Government House is the 18 hole Golf Course (Fig. 4) with 18 different tees.
Golfing was started here in 1926 with the efforts of Sir Maclcolm Hailey, the then Governor of the United
Provinces. The Golf Course was designed and constructed by the British Army engineers. The course is
Slope instability and geo-environmental issues of the area around Nainital
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Fig. 3. View of the Raj Bhawan at Nainital.

Fig. 4. View of the Golf Course at Raj Bhawan.

spread over an area of 20.23 hectares amidst a hilly landscape. It is one of the most challenging courses in the
world where one can enjoy the ethereal beauty of course with the changing season. For draining out water
from the golf course, an underground tunnel, 137.1 meters in length was constructed in the lowest bowl of the
course.
In the latter half of the 19th century a number of European schools for boys and girls were established in
Nainital. During the Victorian and Edwardian eras, students in these schools were largely the children of
British colonial officials or soldiers. In 1906, there were over half a dozen such schools, including the
Diocesan Boys' School (later renamed Sherwood College) under the guidance of the Church of England;
Philander Smith's College (now, Birla Vidya Mandir) maintained by an American; St. Joseph's College, a
Roman Catholic institution; Wellesley School, an American institution; St. Mary's Convent High School, a
Roman Catholic institution; Diocesan Girls' High School (now, All Saints' College), under the Church of
England; and Petersfield College for Girls.
While visualizing the advantages of Nainital as a hill resort, the British did not take into account the
possibility of landslides that started to take place within first 30 years of its settlement. The first recorded
major landslide occurred in Nainital in July 1867 when a portion of the hill side above the west end of the main
th
bazar in Mallital came down. As a sequel a Committee was constituted for the first time, on 6 August 1867, to
consider the safety of the hill slopes. The Committee considered drainage improvement as the most important
aspect to be dealt with for preventing landslides.
The next major landslide occurred in Nainital in 1880 near the Alma Hill on the Sher ka Danda ridge. This
th
catastrophe, that struck on 18 September, 1880 killed 151 persons of whom 43 were Eurasians. After the
landslide, further erection of buildings, quarrying and digging of terraces or platforms were absolutely
prohibited on the hill slopes. Steep slopes were turfed and planted with trees and grass. Cutting and grazing
were absolutely banned. The catastrophe resulted in construction of drains, 79 km in length, to safely drain off
the water from the vulnerable slopes. In 1898 Nainital had to face the wrath of nature again in the form of the
Kailakhan landslide that caused the death of 27 Indians and one European. Nainital was devastated again by
landslides in 1893, 1898, 1924, 1989 and 1998.
In 1960, the Uttar Pradesh Government decided not to shift the capital to Nainital during the summer months
and in the initial stages this proved a great set back for the economy of the town, but it soon revived as a tourist
resort. The Indo-Pak conflicts of 1965 and 1971 gave a boost to the tourism in Nainital since a sizeable
number of tourists did not visit Kashmir during those two years.
Presently Nainital has a population of 41,461; males constitute 52 percent of the population and females 48
percent. Since the previous census in 2011 the population of Nainital has registered a modest growth of 7.5
percent. In the previous decade the population of the town has thus shown annual growth rate of 0.73 percent.
The town has an average literacy rate of 93 percent; male literacy being 96 percent and female literacy being
90 percent. Nainital has only 09 percent of the population under 6 years of age (Census of India, 2011;
Provisional).
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Being a major tourist destination as also seat of Uttarakhand High Court the city however has a large floating
population, especially during the tourist season.

Objectives of the present study
The geo-environment of Nainital has over and again been portrayed as being in a critical state of equilibrium
and deteriorating under increasing anthropogenic pressure. The town has at the same time been witness to a
number of mass movement incidences and increase in the pace of erosion in the catchment has been
recognised as being a potential threat to the very existence of the lake (Fig. 5).
Previous studies suggest that the rock mass on many slopes in Nainital is in a critical stage of equilibrium and
any triggering force can facilitate massive downslope movement. The area falls in Zone IV of Earthquake
Zoning Map of India (IS 1893, Part 1, 2002). Ground shaking in the event of an earthquake in the region could
trigger slope failure and thus complicate the post - disaster search and rescue operations and add to the misery
of the masses.
It was therefore felt necessary to study the geo-environmental conditions in Nainital with particular reference
to slope instability. The main objectives of the present study are as given below in brief:
1. To study the zones of active mass wastage around the Naini lake and to probe causes thereof and to
suggest remedial measures where possible.
2. To delineate areas and zones around the Naini lake that are susceptible to mass movement and to
suggest remedial measures where possible.

Fig. 5. View of Naini lake. In the background is seen the Naini peak (2611.5 meters).
Slope instability and geo-environmental issues of the area around Nainital
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3. To assess the land use / land cover changes taking place in the areas around Nainital and to delineate
areas where these changes are taking place at a fast pace and to suggest remedial measures if these
changes are perceived to be detrimental to the geo-environmental stability of the area.
4. To observe the general state of affairs in Nainital with reference to anthropogenic interventions and to
assess their probable impact upon the geo-environment and to suggest appropriate curative measures.
5. To assess and review the available records so as to reconstruct the sequence of disastrous events in and
around Nainital together with the measures adopted to mitigate future impact and to comment on the
state of compliance of the same where possible.
6. To prepare a working paper on present state of affairs in Nainital including the scenario that could be
witnessed in near future. This is intended to be used for the awareness of the masses as also for
enlightening the decision makers.

The study area
In order to appropriately address the objectives of the study the area under present investigation was initially
restricted to the Municipal limits of the Nainital town. It was however extended subsequently to include other
areas that are presently undergoing active mass wastage and have the potential of threatening human interests
in the town.

Fig. 6. Map showing the study area. Major roads are
marked in red.

Fig. 7. Panoramic view of Nainital clad with snow during
winters.

Still so, the Municipal limits have been the major focus of the field investigations. However condition in other
areas has also been taken note of. The limits of the area covered by the present study are depicted in Figure 6. It
covers the entire catchment of the Naini lake as also the stretch along Balia nala upto Birbhatti together with
Khurpatal.
The Nainital region has tropical climate with pleasant summers and cold winters. Average summer
temperature is around 25° C while the winter temperature might even drop to 0° C. During the winters the
township often experiences snowfall (Fig. 7). The precipitation during the monsoon season is generally
heavy.
Nainital can be approached by Ramnagar / Kashipur - Kaladhungi - Nainital, Haldwani - Kathgodam Nainital and Bhowali - Nainital all weather roads. Situated at a distance of 35 kilometers Kathgodam is the
last terminus of the broad gauge line of the North East Railways connecting Nainital with Delhi, Dehradun
and Howarah. Situated at a distance of 70 kilometers, Pantnagar is the nearest airport.

Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Methodology and tools
This study is based upon independent field observations made during the course of fieldwork in the area
around Nainital in the first fortnight of March, 2011. Nevertheless help has been taken from various other
sources. Of these the reports gathered from various archives have been highly helpful. These have provided
important details of the various events accompanying the process of development that transformed the hill
slopes around the Naini lake with the passage of time.
Apart from the above, data from various other sources has also been captured and analysed. Toposheets of
Survey of India (SOI) together with satellite imageries (QuickBird and WorldView-2) have been used for
studying topographic characteristics, depicting land use / land cover characteristics and changes therein and
delineating specific landforms; particularly lineaments.
Geographical Information System (GIS) environment using ArcView 9.3 software has been used for
analysing the data and preparing various base layers while ERDAS IMAGINE 9.3 has been used for digital
image processing.
Statistical index method (van Westen, 1997) has been utilized for slope instability studies whereby all the
themetic layers (geology, slope, aspect, structure, lineament, geomorphology, road, drainage and land use /
land cover) are correlated with the mass wastage map so as to decide upon the weight value of each and every
parameter class of the individual themetic layers. The individual weight values are defined as the natural
logarithm of the mass wastage density in the class divided by the mass wastage density in the entire map.
Weighted maps have thus been prepared for each theme layer and these have been integrated to prepare the
hazard map. The results of the hazard map so prepared have also been correlated with the hazard map
prepared in the field on the basis of observations made therein.

Previous studies
Nainital has been geologically unstable and devastated over and again during the British Raj as also after
independence. Mass wastage has been recognised as being the main problem of Nainital and a number of
investigations have been carried out in the area to understand the nature of instability of the slopes and to
suggest remedial measures thereof.
The work done by Ball (1878), Theobald (1880), Oldham (1880), Middlemiss (1890), Greisback (1895),
Holland (1897), Coulson (1928), Auden (1942) and Nautiyal (1949) provided better understanding of the
geology and structure of Nainital area. The works of Thomas (1952), Gansser (1964), Tewari and Mehdi
(1964) and Sarkar and others (1967) brought out the fact that the area is dissected by a number of faults and
thrusts. Jiang and others (2002) have undertaken sequence stratigraphic study of the Infra Krol Formation and
Krol Group that are exposed in the area around Nainital.
Hukku and Jaitley (1966) and Hukku and others (1967) carried out geological mapping of the area on
1:10,560 scale. Subsequently Srivastava (1968), Ashraf (1978), Jaitley (1980), Pant and Kandpal (1989) and
Sharma (1998) studied the problem of slope instability in and around the township in appreciable detail.
Valdiya (1988) has studied the geo-environment of Nainital in great detail and provided in depth account of
the geology, geomorphology and tectonics of the area. He has also covered the problem of slope instability in
the area.

Slope instability and geo-environmental issues of the area around Nainital
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Nainital: A disaster prone town
The township of Nainital is located in close proximity of a major regional tectonic discontinuity of the
Himalayan orogen; the Main Boundary Thrust (MBT) along which the Lesser Himalayan meta - sedimentary
rocks override the sedimentary rocks of Siwalik Group. This tectonic boundary is recognised as being
seismically active and this fact enhances vulnerability of the township of Nainital.
Rocks of Lesser Himalaya are observed to be exposed in the area around Nainital. To the west of the lake most
exposures are of calcareous rocks and these have been subject to erosion by the action of water. Formation of
sink holes and cavities and their subsequent slumping has given this area its peculiar geomorphic signature. In
many areas the rocks are observed to be slumped and dislodged and have a number of joint and fracture sets.
These pose threat of rock fall in many areas and such incidences in the past have taken toll of human lives.
Towards the east of the lake the rocks are predominantly shales and slates that are highly fissile. The slopes on
this side of the lake also show evidences of creep and enhanced pore water pressure during prolonged rains
can trigger large scale mass movement.
The township has so far not been affected by any major seismic tremor. The area however falls in Zone IV of
Earthquake Zoning Map of India (IS 1893, Part 1, 2002) and there exist records of ground fissures and cracks
being observed in the city during earthquake events in the past. Cracks were reported in East Laggan house
after the earthquake of 3rd November, 1877 and another earthquake is reported to have brought down the
revetment wall in 1889. Cracks were also reported in Laidlaw Hall building after the earthquake of 1934
(Coulson, 1939).
The township of Nainital has witnessed massive mass movements in 1867, 1880, 1893, 1898, 1924, 1989 and
1998. Detailed account of 1880 and 1898 landslides is available in the records of the Nainital Municipality as
also in other publications and reports.
On 30th July, 1893 a large portion of the hill extending up to the road under East Laggan fell into the lake. The
th
same year on 19 October, after about 30 inches (762 mm) of rainfall in three days another slip to the
northwest occurred. The fall of rocks and trees into the lake is reported to have raised a wave that swamped the
Mall on the opposite side (Coulson, 1939). On the road besides the lake a solid masonry buttress 100 feet (30.5
meters) high was built in 1888 - 89 between the sites of these two landslips. The rocks above this point were
th
reported to have remained undisturbed (Coulson, 1939). Landslide took place in the same area on 24
September, 1998as well. The scar of this slide can still be observed.
th

Massive mass movement from Naini peak overwhelmed many areas of Mallital on 11 March, 1988 as also
between 4th and 6th July, 1998.

Sher ka Danda landslide of 1880
The landslides of 1867 and 1880, both initiated in the Sher ka Danda hill. The landslide of 1880 occurred in
the hill slope to the east of the 1867 slide in which old Victoria Hotel was destroyed.
The 1880 slide was particularly devastating and after the landslide cracks were reported even in the vicinity of
old Government House (at Snow View). Vivid eyewitness account of this landslip is given by C.T. Atkinson in
Gazetteer of Kumaun.
The mass movement started in the morning hours of Saturday, 18th September, 1880 amid heavy rainfall that
th
th
had started on Thursday, the 16 and continued till Sunday, the 20 . 838 mm of rain was reportedly received
on 17th and 18th September of which 635 mm was received in the 40 hours preceding the evening of 19th
September. It is reported that the entire hill slope behaved like a semi - fluid material and buried everything
that came in its way, including the temple of Naini Devi on the lake side (Figs. 8 and 9).
A rumpling noise, similar to that caused by the falling of huge mass of earth, was reported to have heard by
many in the station; and those with opportunity of looking towards the direction of the crash could reportedly
see only the vast cloud of dust rising from around the site of the landslip. A large portion of the hill behind the
hotel, from the Upper Mall had thus disunited and descended with great velocity and violence. This
Slope instability and geo-environmental issues of the area around Nainital
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Fig. 8. Photograph of 1875 of the Sher ka Danda hill.
The grove by the lake side below the Sher ka Danda hill is
the site of the erstwhile temple of Naini Devi.

Fig. 9. Photograph of Sher ka Danda hill after the
landslide of 1880. Houses on the hill slope along with the
temple of Naini Devi have been overwhelmed by the
landslide debris.

completely buried the hotel and dashed together into an unrecognisable heap. The catastrophe was reported to
be the work of a few seconds only; so escape on the part of any who happened to be in the course of the
avalanche was perceived as being practically impossible (Atkinson, 1882).
A portion of the lake was also covered by the landslip debris and while directing operations at the east end of
the lake Sir Henry Ramsay was reportedly overtaken by a great wave generated by the debris swept into the
lake (Atkinson, 1882). Before the landslip a small recreational ground existed near the northern end of the
lake (Fig. 2) but after the landslip space was available for the development of the Flats.
Immediately after the landslip, jets of water reportedly poured from reservoirs within the hill on the newly
made face, and for some time, maintained a direction and volume that clearly reflected the great quantity and
force of these factors in the landslip (Atkinson, 1882).
After the slide great cracks opened up and became more easily traced; one from Mayo Hotel (now Grand
Hotel) up to St. Loo Cottage and across Government House (at Snow View). Another line further east split
into a rock on the summit of the little ridge above Fairlight; a third line proceeded from the Club to the end of
the Cheena ridge by the road west of Fairlight (Atkinson, 1882).
This mass movement took toll of 151 persons including 43 Europeans and Eurasians. The small plot between
the Mall and the lake to the west of the Boat House Club was consecrated as the resting place of the 43
Christians. It is now maintained as a garden by the Municipal Board.

Brewery landslip of 1898
Landslides of 1898 and 1924 took place around Brewery where brewing and distillation of whisky was
undertaken. The former, also known as Kailakhan landslip took toll of 28 human lives. In the latter, also
known as Charta Hill landslip, four persons were killed.
th

On the afternoon of 17 August, 1898 a large slice of the Kailakhan hill reportedly slid down into the Balia
ravine above the Brewery, and continued downstream up to and a little beyond Brewery. The surface layer of
the hill that gave way was reported to be roughly triangular in shape with somewhat blunt apex at the top
where the slip started immediately under the Military Cemetery (Fig. 10). In thickness the layer reportedly
varied from a mere skin to as much as 200 feet (61 meters) and it descended upon the under part of the hill side
until it came to rest in the stream bed below. The whole area of the slipped portion and the debris below was
estimated to be about 1/9 square mile (0.29 square km). In general appearance this landslide was described as
being a larger edition of the Sher ka Danda landslip of 1880. Middlemiss (1898) described this landslip as
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Fig. 10. Photograph showing the scar of the Brewery landslide of 1898.

being another instance of superficial layer of the disintegrated surface rock becoming detached from the more
solid material below and flowing down the hill side in a semi - liquid condition.
The landslip debris reportedly filled up the bed of the Balia valley temporarily and dammed back its stream,
also the Durgapur stream and that of the Motapani, forming three lakes. These were however not destined to
endure for long. Along its course the landslip debris reportedly covered up and obliterated part of the bridle
road to Nainital between Durgapur stream and the Brewery, buried a shop and the toll house near the Brewery,
overwhelmed certain buildings of the Brewery.
Eyewitness accounts suggested that the slipped mass descended with thunder like noise and with great
rapidity. The main slip was however preceded by smaller slips. On 10th August the cut away cliff overhanging
the Balia suspension bridge below the Brewery gave way. This destroyed the bridge that was built in 1891.
Two small slips, on the face of the hill also occurred on 15th August.
It is also reported that line of springs had shown up across the middle of the hill face and the water gushed out
th
as if the whole hill side were full of water. During the night of the 17 , after the big slip, the largest of the new
born lakes, the one formed by the waters of the Balia stream, drained out without causing any damage.

Slope instability and geo-environmental issues of the area around Nainital
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Geomorphology
Geomorphology encompasses the study of landforms along with various processes that shape these. It thus
includes the study of a number of surface features and has an important bearing upon the mass wastage pattern
of any region. Geomorphological processes or changes in the morphology of the ground are often
documented by pre-existing maps, satellite imageries, survey reports of the previous landslides, as also from
the record of the careful observations taken over time by the administration and local population. Main
geomorphic features observed in the field are depicted in Figure 11.

Topography
Topography has an important bearing upon the geomorphic evolution of any area, particularly so in the hills.
Apart from field observations Survey of India (SOI) toposheet (53 O/7, survey year 1984 - 85) has been used
for these studies.
The area around Nainital is observed to be dissected by several ridges and the ground elevations vary between
1694 to 2611.5 meters above mean sea level (msl). Naini peak (earlier known as China peak) with height of
2611.5 meters above msl is the highest point of the area while Sher ka Danda, Deopatha and Ayarpatha
respectively have altitude of 2402, 2435.1 and 2352 meters above msl. Naini and Khurpatal lakes respectively
have elevations of 1935.5 and 1570 meters above msl (Fig. 12). The area is prone to landslides due to high
relief, presence of overburden and high precipitation.

Fig. 11. Map showing important geomorphic features in the area around Nainital.
Slope instability and geo-environmental issues of the area around Nainital
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Fig. 12. Photograph depicting general relief of the area around Nainital looking north across the Naini lake.

Digital elevation model (DEM) and slope map of the area have been prepared using information gathered
from the SOI toposheet. Five different slope classes have been identified in the area depending on the
variation in the surface slope amount (Fig. 13). These are as given below:
o

1.

0 - 15

2.

15 - 25

Moderate slope

3.

25o - 35o

Moderately steep slope

4.

35o - 50o

Steep slope

5.

> 50

o

Gentle slope
o

o

Escarpment and cliffs

The surface slope in the area; particularly in the catchment of Naini lake is observed to be gentle to moderately
steep. Large areas with gentle slope occur along the northwestern and southeastern extremities of the lake.
Small areas running almost parallel to both eastern and western boundaries of the Naini lake however show
steep slope.

Fig. 13. Slope map of the area around Nainital.
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Fig. 14. Slope aspect map of the area around Nainital.

Fig. 14. Slope aspect map of the area around Nainital.

Depending on the aspect of the hill slopes the surface receives differential solar insolation that is a major
parameter deciding the moisture retention capacity of the soil. The rainfall pattern is also affected locally in
the hills by this parameter. The aspect of the surface slope in the hills is thus a major factor affecting the pace of
mass wastage as also the distribution of vegetal cover. Aspect of the hill slopes around the Naini lake is
delineated from the DEM (Fig. 14). Southwesterly aspect is observed to dominate the area around the Naini
lake.

Hydrology
Hydrological characteristics of an area have an important bearing upon the instability of the hill slopes as
water is the most potent tool of erosion. Toe erosion as also dissolution and displacement of underground
material in solution or suspension by the movement of water is often observed to be the main cause of a large
number of landslides. It therefore becomes important to study the hydrological parameters of the area. The
presence of a lake in the very heart of the city makes these studies all the more important for Nainital.
Fed by the discharge of the Naini lake, Balia nala is the major stream of the area. Balia nala, as also some of its
Slope instability and geo-environmental issues of the area around Nainital
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Fig. 15 and 16. Drains along the hill slopes of Nainital.

tributaries have carved out more or less linear valleys that are indicative of distinct structural control. The
tributary valleys are observed to be deep, narrow and steep with high channel gradient. These streams are
observed to undergo rapid down cutting and have rocky channel with channel material comprising mostly of
debris and fine sediments.
Study of the available SOI toposheet brings forth an important fact that the catchment of the Naini lake is
devoid of natural surface drainage features. This fact is also highlighted in most reports prepared on the
aftermath of the massive landslide of 1880. These reports cite lack of natural surface drainage as the major
cause of excessive pore water pressure build up that resulted in downslope mass movement.
The catastrophe of 1880 asserted the importance of having a drainage system in the town for safe disposal of
excess precipitation. In the first stage six main ravines were thus lined with masonry and revetted. In the
course of time a number of other drains were planned and put in place on both eastern and western hill slopes
around the lake so as to dispose the rainwater directly and quickly into the lake (Figs. 15 and 16). All these
drains had provision of silt traps and desiltation chambers. Arrangements were also made for regular
maintenance and upkeep of these drains.
A series of studies carried out on the aftermath of 1880 landslide impressed the need of having regular records
of the precipitation as also the discharge of the lake and major springs. Protocols were thus formalized for
regular observations as also for regulating the discharge and the level of the lake. These were issued through
Government Orders. It may be noted that the protocols for sluice gate operation and maintenance of discharge
and precipitation records are still followed and regular records are maintained in accordance with these .
Predominance of calcareous rocks particularly to the west of the lake provide favourable conditions for
appreciable subsurface storage of water and percolation of this water is an important source of recharge of the
Naini lake, particularly during the lean period. Presence of sink holes and large cavities at a number of places
in the area around the lake, particularly in the calcareous rocks provide appreciably good storage capacity.
Some of these sink holes, though not technically in the catchment of the Naini lake, help augment its water
level and serve as recharge zones for the lake.
The atmospheric precipitation entering the ground is observed to form a number of springs and seepages at
many places around the city. During the British period the discharge of some of the important springs was
regularly monitored for water balance studies.
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Fig. 17. Dislodgement of blocks along joint planes in
limestone near Horse stand and subsequent formation of
cavities by the action of water.

Fig. 18. Gully formation in the limestone country due to
the action of water in the area below Tiffin Top.

Sink holes
The area around Nainital, particularly to the south and west of the Naini lake comprises largely of calcareous
rocks. Action of subterranean water is known to carve out cavities and caves in such a terrain (Figs 17 and 18).
Preponderance of faults and shears in the area has accelerated this process. Existence of a number of sink
holes of diverse sizes is thus a distinctive feature of this area.
Prominent sink holes are observed at Sukhatal, Sleepy Hollow, Ayarpatha, Narayan Nagar and Golf Course.
The former three play a major role in the recharge of the Naini lake and water from these sink holes helps in
replenishing the lake after the withdrawal of SW monsoon. The sink hole in Narayan Nagar area replenishes
the Sariatal (now Saritatal) while the water of Golf Course oozes out along the landslide scar to the southwest.

Fig. 19. View of the sink hole around Ayarpatha. A fresh sink hole has been carved out in the bottom of a large sinkhole.
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During the course of fieldwork anthropogenic encroachments were observed in the sink holes at Sukhatal and
Ayarpatha (Fig. 19). It is important here to note that the geo-environment around these sink holes is critical for
the existence of the Naini lake and therefore these should be declared as areas restricted for any kind of
anthropogenic intervention.

Active slides
Slide is a downslope movement of a soil or rock mass occurring dominantly on surfaces of rupture or on
relatively thin zones of intense shear strain. Movement does not initially occur simultaneously over the whole
of what eventually becomes the surface of rupture; the volume of displaced material enlarges from an area of
local failure. Often the first signs of ground movement are cracks in the original ground surface along which
the main scarp of the slide forms.
A number of active landslides have been observed during the course of field work in the Golf Course, Lands
End, Naina peak, Ayarpatta, Harinagar - Baliya Nala, Krishnapur and Hanumangarhi areas (Fig. 20). The
condition of the landslides in Golf Course and Harinagar - Baliya Nala is observed to be critical and in both
these areas impressions of ongoing active sliding are clearly observed.
In the Golf Course area a series of wide open (with opening up to 35 cm) NW - SE trending transverse cracks
with down throw as large as 2 meters are observed (Figs. 21 and 22). Crown cracks are also observed in the
area. Seepage of water is observed in the Golf Course landslide scar at lower elevations and displacement of
fines from the sediments due to piping action of water seeping in from Sherwood - Golf Course area is
perceived to be the main cause of accelerated pace of mass movement in this area.

Fig. 20. Mass wastage in highly fractured limestone rocks near Hanumangarhi.
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Fig. 21. View of the Golf Course landslide.

Fig. 22. Ground fissures over the Golf Course landslide.

The triangular facets observed over the ridges and spurs in the area around Nainital suggest these to be
tectonically controlled. No anomaly is however observed in the geomorphologic configuration on either side
of the Naini lake.

Rock fall
Falls characterise detachment of soil or rock from a steep slope along a surface on which little or no shear
displacement takes place. The material then descends mainly through the air by falling, bouncing or rolling.
The movement is very rapid to extremely rapid and there is little time to flee to safety. Rock falls are related to
steep slopes and mainly controlled by rock discontinuities.
The rocks in the area are highly weathered and have low cohesive strength. Most area to the west and south of
the Naini lake is dominated by limestone / dolomitic limestone. This rock type is highly soluble in water but
the solution action is observed to be highly selective. Most joints are thus etched out to create fissured gullies
and caves (Figs. 17 and 18). This has resulted in highly variable ground conditions that typify a limestone
country. Incidences of collapse of sinkholes are common in this type of terrain.
Collapse process has contributed to the formation of sinkholes over calcareous rocks (Fig. 19) and these have
resulted in zones of broken unstable ground. This terrain often abuts against the rocky hill slopes where it is
covered with thin mantle of colluvium as also boulders that have moved downslope under the influence of
gravity.

Fig. 23. Dislodged blocks pose threat of rock fall in the
area around Barah Pathar.

Fig. 24. Dislodged blocks pose threat of rock fall in the
area around Barah Pathar Narayan Nagar area.
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Fig. 25. View of the Narayan Nagar that is highly vulnerable to the threat of falling boulders from Deopatha hill. Large
talus deposits are observed at the foot of the slope.

Creation of subsurface cavities due to the action of water and eventual collapse of the overlying rocks together
with the dilation of the pre-existing fractures due to diurnal temperature fluctuations (heating and thawing)
have carved out wide open joints and fractures in the overlying slumped rock mass.
At many places this rock mass is observed to be in a critical state of equilibrium and even a slight disturbance
can trigger massive rock fall (Figs. 23, 24 and 25). The situation could well be serious in case of violent
seismic shaking. Areas susceptible to rock fall include southwestern portion of the Naini lake near Pashan
Devi, slopes below All Saints’ College - Geology Department of Kumaun University, Narayan Nagar and
Barah Pathar (Figs. 26 and 27).

Fig. 26 and 27. Highly jointed and dislodged rock mass that poses threat of rock fall.
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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Fig. 28 and 29. Old slide zone on Nainital - Bhowali road near Pines (left) and below Naini peak (right). Presence of
coarse scree in the slopes of the Naini peak is indicative of this area being affected by rock fall.

Old slides
Landslides represents instability of the slope and in whatever manner, once the instability is introduced it
often becomes a recurrent problem. Even though stabilised areas of past instability have high probability of
being activated by natural and anthropogenic triggering forces. It therefore becomes important to identify
areas of old mass movement as with variation in ground conditions these are most likely to give way at the
very first instance.
Some significant old slide zones are observed on the hill slope along the eastern extremity of the Naini lake as
also along Nainital - Bhowali road (Figs. 28 and 29). It is important to note that the rocks along the eastern
extremity of the lake are highly fissile and the slopes in this part of the town are in very critical state of
equilibrium. Any anthropogenic intervention or trigger leading to fluctuations in pore water pressure is likely
to bring down the hill slope causing a major devastation.

Creep
Creep is slow and continuous movement of slope material under the influence of gravity. Typical creep is
recongnised as being a continuous movement that proceeds at an average rate of less than a foot per decade
(Terzaghi, 1950). Creep is often interpreted differently by different persons and Varnes (1978) advises either
to avoid the term or use it in a well defined manner. Over here the term creep is being used to express the
meaning similar to that used in the mechanics of the materials; i.e. deformation that continues under constant
stress.

Fig. 30. Creep in the old slide material in the Sher ka
Danda slope is reflected in bending of trees.

Fig. 31. Creep in reflected in the bulging of the retaining
walls as also in the cracks in the houses.
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Fig. 32. Creep in reflected in the bulging of the retaining walls as also in the cracks in the houses.

Evidences of creep are often reflected in the tilting of vertical objects on the slope as also in the form of stress
upon the structures. Many incidences of creep were recorded during the course of fieldwork in Nainital,
particularly in the slopes to the east of the lake (Figs. 30 and 31). These are observed to be reflected in the
tilting / bending of trees, bulging of the retaining walls and cracks in the structures (Fig. 32).
These evidences suggest that the slopes to the east of the lake are witnessing slow but continuous downslope
movement and any anomaly in pore water pressure can trigger massive and catastrophic downslope
movement in the area.
It may be noted that all the drains in Nainital were conceived, designed and constructed to save the fragile
slopes of the city from mass movement. Numerous incidences of blockade and even obliteration of these
drains were observed during the course of fieldwork in the city; mostly for new construction related activities.
These activities on the slopes to the east of the lake can have disastrous implications.
In the area around Nainital geomorphic cycle is observed to be in its youthful stage. No anomaly is however
observed in the geomorphologic configuration on either side of the lake. The hill slopes in the area around the
Naini lake are generally observed to comprise of rocky outcrops, rocky cliffs and mantle of colluvium. The
geomorphic processes operative in the area include laminar flow, freezing and thawing, mass wasting and
solution action.
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Land use / land cover characteristics
Land cover is the physical material at the surface of the earth and it includes grass, asphalt, trees, bare ground,
water and the others. Land cover is distinct from land use despite the fact that the two terms are often used
interchangeably. Land use is the human use of land. It involves the management and modification of natural
environment or wilderness into built environment such as fields, pastures, and settlements. It has also been
defined as the arrangements, activities and inputs people undertake in a certain land cover type to produce,
change or maintain it. Land use and land management practices have a major impact on natural resources
including water, soil, nutrients, plants and animals. Land use information is increasingly being used for
developing solutions for various natural resource management related issues.
Land cover is determined by direct observation of the earth's surface and land use is a socio-economic
interpretation of the activities that take place on that surface (Fisher et al., 2005). Land use / land cover is
often used as a couplet and generally describes the distribution of both land use and land cover classes over
the surface of the earth, not attempting to distinguish between the two.
Study of land use / land cover characteristics of an area and changes therein is universally accepted as being
an important tool for depicting the nature of anthropogenic pressure on that area. These studies are
increasingly being used for policy - planning and effective management of the area.
Land use / land cover characteristics of an area also have an important bearing upon the mass wastage pattern
of that area. It is therefore important to delineate the existing land use / land cover characteristics and to study
the pattern of changes these are undergoing.
Besides providing information on various finer details of the surface the satellite data provides synoptic view
of a large area. Both these qualities of the satellite data make it suitable tool for land use / land cover
characterisation. At present satellite data is generally accepted as being a powerful and cost effective tool for
delineating land use / land cover characteristics of an area.
For the purpose of present study high resolution multispectral 8 band WorldView-2 satellite imagery (50 cm
resolution) of 24th December, 2010 has been used for delineating the present land use / land cover
characteristics of the area around Nainital. The satellite data has been analysed using the facilities available
in ERDAS IMAGINE 9.3 software.
The following seven land use / land cover classes have been delineated after detailed study of the satellite
data along with limited ground truth verification:
1. Dense forest
2. Open forest
3. Trees out of forest
4. Water bodies
5. Open area
6. Agriculture
7. Urban / built up area
The present land use / land cover map (Fig. 33) shows that most area around the Naini lake has appreciable
vegetal cover, significant portion of which is observed to fall under dense forest class. Most built up area
around the lake is observed to extend between the northern end of the lake and Barah Pathar, the southern end
of the lake and Krishnapur (mostly along the right bank of Balia nala) as also in the vicinity of the Mall road
that runs along the eastern fringe of the lake. The summary of the present land use / land cover statistics is as
given in Table 1.
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Fig. 33. Land use / land cover map of the area around Nainital.
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Table 1. Land use / land cover distribution in the area around Nainital based on the WorldView-2 multispectral
satellite imagery of 24th December, 2010.
Area
(in square meters)
9,26,982.07

Land use/
Land cover class
Built up area

Percent of the total
5.29

Open area

2,35,067.78

Trees out of forest

7,04,877.81

1.34
4.02

39,73,041.66

22.68

1,09,34,723.86

62. 41

2,79,058.03
4,67,488.30

1.59

1,75,21,239.51

100.00

Open Forest

Dense Forest
Agriculture
Water bodies
Total

2.67

Both soil development and soil moisture content are determined to a great extent by gradient and aspect of the
slope, particularly in the hills. Excessive solar insolation on certain slope aspects is known to reduce soil
moisture levels and even lead to breakdown of the soil nutrient cycle. Aspect of the slope also affects the
distribution of atmospheric precipitation in the hills. Slope and aspect therefore have important bearing upon
the distribution of vegetation in the hills.
Slope and aspect also determine the settlement pattern as gentler slopes are generally preferred to steeper
ones and depending upon the local climatic conditions certain aspects are preferred over others. This
preference is generally related to economic considerations as also human comfort.
The present land / land cover map is therefore correlated with the slope map of the area so as to assess the
variation in land use / land cover with changing surface slope. Proportion of different land use / land cover
classes falling under various slope categories is given in Table 2. The data shows that the maximum
vegetation cover is accounted for by moderately steep slope class (25o - 35o) while the built up area
diminishes with increasing magnitude of surface slope (Table 2).
Table 2. Variation of land use / land cover with slope.
Area (in percent)
Gentle

Moderate

Moderately steep

Steep

Escarpment

Dense forest

21.08

25.38

32.46

20.29

0.78

Open forest

10.47

24.24

37.58

25.22

2.48

Trees out of forest

29.75

34.50

25.44

10.31

0.00

Built up area

45.34

29.12

18.57

6.95

0.02

Open area

54.48

21.98

11.28

11.90

0.36

Agriculture

47.74

35.84

10.16

6.26

0.00

The land use / land cover map of the area has similarly been correlated with the aspect map to study the
variation in land use / land cover with change in the slope aspect. This correlation shows that the southerly
slope aspects (SW, S and SE) have the maximum vegetation cover and these are also the slope aspects
preferred for construction. Northwesterly and northerly slope aspects have minimal vegetation cover as also
built up area (Table 3).
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Table 3. Variation of land use / land cover with slope aspect.
Area (in percent)
N

NE

E

SE

S

SW

W

NW

Dense forest

11.43

13.36

13.42

13.50

14.44

18.00

9.17

6.68

Open forest

0.32

0.99

11.32

20.88

28.59

24.09

12.49

1.32

Trees out of forest

1.03

8.83

12.59

12.21

18.18

33.24

13.55

0.37

Built up area

4.00

9.59

18.97

16.63

19.42

20.72

9.73

0.95

Open area

7.37

7.33

19.24

28.42

10.86

13.48

10.03

3.28

Agriculture

0.11

0.34

8.05

15.60

25.90

35.99

12.41

1.61

The level of details that could be delineated from the satellite imagery is a function of its resolution which is
defined as the pixel size of an image representing the size of the surface area being measured on the ground,
and is determined by the sensors' instantaneous field of view (IFOV). It is therefore advisable to use satellite
imageries of same or comparable resolution for studying changes in land use / land cover characteristics of an
area.
th

In the present study high resolution QuickBird PAN satellite imagery (60 cm resolution) of 5 January 2005
has been used for delineating the land use / land cover characteristics of the area around Nainital in 2005 (Fig.
34). Seven land use / land cover classes delineated for 2010 have also been delineated from the QuickBird
data for 2005.
The land use / land cover characteristics of January, 2005 and December, 2010 delineated from satellite
imageries of comparable resolutions (60 and 50 cm respectively) have been correlated in the present study for
computing the changes in various land use / land cover classes in the previous six years (Fig. 35). For ease of
comparison and correlation only the area covered by both the available satellite imageries has been
considered for this study.
Comparative study of the land use / land cover maps of 2005 January and 2010 December reveals that the
forest area around the Naini lake has shrunk at the cost of built up area that has increased by more than
2,13,609 square meters in the previous six years (Table 4). It can thus be concluded from the data that on an
average 35,602 square meters of area under other land use / land cover classes is being encroached upon by
various anthropogenic interventions every year.
Table 4. Statistical details of the changing land use / land cover characteristics
of the area around Nainital.
Land use / Land
cover class

QuickBird
(5 th January, 2005)

Area (in squaremeters)
WV 2
Change in area
(24th December, 2010)

(Wv2 - QB)

Percent change

Built up area

6,30,498.18

8,44,108.12

2,13,609.94

33.88

Open area

3,45,878.41

2,08,344.41

- 1,37,534.00

- 39.76

Trees out of forest

12,42,649.75

6,99,390.98

- 5,43,258.77

- 43.72

Open Forest

21,43,476.85

26,61,936.97

5,18,460.12

24.19

Dense Forest

77,89,118.89

77,46,524.83

- 42,594.06

- 0.55

34,849.72

24,333.99

- 10,515.74-

- 30.17

4,41,331.48

4,43,164.00

1,832.52

0.42

1,26,27,803.29

1,26,27,803.29

-

-

Agriculture
Water bodies
Total
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Fig. 34 and 35. Land use / land cover map of the area around Nainital for January 2005 (left) prepared from QuickBird
satellite imagery and for December 2010 (right) prepared from WorldView-2 satellite imagery.
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The data pertaining to land use / land cover change shows that the area hitherto under open area and
agricultural land class around the Naini lake has witnessed significant reduction in previous six years. The
data shows that the open area has been shrinking at an average annual rate of around 22,923 square meters.
The area under dense forest class around the Naini lake has also been shrinking at an average rate of 5,908
square meters per year while 35,602 square meters of area has been annually added to the built up area class.
Land use / land cover changes in the area around Naini lake have also been studied Municipal Ward wise.
Only portions of some Wards covered by both the available satellite imageries have however been
considered under this study. Tables 5 and 6 give the Ward wise summary of the temporal changes in various
land use / land cover classes.
Table 5. Statistical details of Ward wise land use / land cover changes in Nainital city.
Area (in square meters)
Ward
number

-A-

Area

Vegetation
cover 2005

-B-

-C-

Density of forest (Forest area / Total area)
Dense
forest
2005

Dense
forest 2010

Vegetation
cover 2005

-D-

-E-

-F-

Vegetation
cover 2010

Vegetation
cover 2010

Dense
forest
2005

Dense
forest 2010

- C/B -

- D/B -

-E/B-

- F/B -

1

7,88,500.5

7,70,386.9

7,42,894.5

6,91,290.6

6,47,885.3

0.98

0.94

0.88

0.82

2

1,03,228.4

92,515.5

85,160.2

48,979.4

75,155.4

0.90

0.82

0.47

0.73

3

3,43,007.1

2,76,922.6

2,52,002.0

44,759.2

39,266.2

0.81

0.73

0.13

0.11

4

9,26,275.6

8,75,124.6

8,80,299.0

8,36,815.1

8,75,092.5

0.94

0.95

0.90

0.94

5

23,55,899.8

21,17,447.1

21,38,930.3

16,34,426.2

15,53,026.2

0.90

0.91

0.69

0.66

6

3,95,964.8

3,33,716.4

3,21,577.1

1,58,613.2

2,41,390.0

0.84

0.81

0.40

0.61

7

9,07,975.1

8,21,961.4

8,30,733.9

6,98,376.1

7,45,606.5

0.91

0.91

0.77

0.82

8

2,55,085.4

2,02,321.1

1,99,695.5

1,31,156.1

1,54,704.5

0.79

0.78

0.51

0.61

9

5,52,476.6

5,35,924.7

5,21,600.4

4,59,425.1

4,40,585.5

0.97

0.94

0.83

0.80

10

5,09,604.9

3,87,467.8

3,81,578.2

2,30,674.6

3,74,088.4

0.76

0.75

0.45

0.73

11

3,00,320.0

2,08,094.6

2,01,618.5

1,50,578.0

1,73,023.4

0.69

0.67

0.50

0.58

12

8,96,075.7

8,34,261.6

8,23,805.2

52,041.9

3,531.9

0.93

0.92

0.06

0.00

13

2,34,940.8

1,66,204.4

1,56,335.9

62,215.5

1,10,069.3

0.71

0.67

0.26

0.47

Total 85,69,354.6 76,22,348.6

75,36,230.5

51,99,351.1 54,33,425.0

0.89

0.88

0.61

0.63

Ward wise land use / land cover data clearly shows that all the wards of Nainital Municipality have
appreciable vegetation cover. The same has however been observed to be dwindling except in Ward numbers
4, 5 and 7. It is however encouraging to note that a number of Wards (Ward numbers 2, 4, 6, 7, 8, 10, 11 and
13) of Nainital Municipality have registered an increase in the area under dense forest cover.
Ward number 12 has however registered a sharp decrease in dense forest cover and the reasons thereof are
required to be investigated so as to set right the state of affairs. It may be noted that large portion of Ward
number 12 was identified as being vulnerable and the Bye Law of 1930 categorised this area as Prohibited
area where anthropogenic activity of all kinds was regulated. Unplanned and unregulated anthropogenic
interventions in this area can pose a grave threat to the stability of the surrounding hill slope.
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Table 6. Statistical details of Ward wise land use / land cover changes in Nainital city.
Ward number

Change in vegetation
cover between 2005

Percent change in
vegetation cover

and 2010

Change in dense forest
area between 2005 and

Percent change in
dense forest area

2010

-G(C-D)

(G/C) *100)

-H(E-F)

((H/E) *100)

1

27,492.5

3.6

43,405.4

6.3

2

7,355.3

8.0

- 26,176.0

- 53.4

3

24,920.6

9.0

5,493.0

12.3

4

- 5,174.5

- 0.6

- 38,277.4

- 4.6

5

- 21,483.2

- 1.0

81,400.1

5.0

6

12,139.3

3.6

- 82,776.8

- 52.2

7

- 8,772.5

- 1.1

- 47,230.4-

- 6.8

8

2,625.6

1.3

- 23,548.4-

-18.0

9

14,324.3

2.7

18,839.5

4.1

10

5,889.6

1.5

- 1,43,413.7

- 62.2

11

6,476.0

3.1

- 22,445.4-

- 14.9

12

10,456.4

1.3

48,510.1

93.2

13

9,868.5

5.9

- 47,853.8

- 76.9

Total

86,118.1

1.1

- 2,34,073.9

- 4.5

-A-

It is important to note that the built environment in Ward numbers 1, 2 and 9 has registered expansion at
exceptionally high rates. It is important to note that Ward number 2 has witnessed more than 500 percent
increase in built environment between 2005 January and 2010 December (in 06 years). This is a cause of
serious concern and appropriate measures should be taken to regulate the growth.
It may be noted that the built environment in Ward numbers 1, 2, 3, 7, 8, 9 and 10 have witnessed growth of
built environment at more than average rate of growth of built environment for Nainital. Of these all the
Wards except for Ward numbers 8 and 10 fall at the fringe of the Municipal limits. It needs to be investigated
if remoteness of these wards resulting in lax regulatory mechanism is a cause of this rapid growth. If so, it is a
serious cause of concern as these unregulated constructions are highly expected to ignore seismic safety
related provisions and also resort to irresponsible slope modifications. This is sure to enhance disaster
vulnerability of Nainital. It might also be possible that the Wards showing high growth rates in the previous
six years were previously not considered suitable for human habitation and reducing land availability
together with relatively cheap land in these areas might be an incentive for people to settle in these areas.
The data brings forth the fact that the Ward numbers 1 and 3 have the fastest pace of depletion of forest cover
while Ward numbers 4, 5 and 7 have recorded increase in vegetal cover in the period 2005 - 10. Despite
reduced vegetation cover it is encouraging to note that all the Municipal Wards except Ward numbers 1, 3, 5,
9 and 12 show an increase in the area under dense forest cover. Built up area in all the Wards has however
increased and Ward numbers 10 and 3 have registered the maximum growth (Table 7).
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Table 7. Statistical details of Ward wise changes in the built area around Nainital.

Ward
number

Area (in square meters)
Built up area
2010

Construction density
Percent
(Built up area / Total Increase in built up
change in
area
area)
(in square meters) built up area

Ward area under
study

Built up area 2005

2005

2010

1

7,88,500.5

17,999.11

37,577.38

0.02

0.05

19,578.27

108.77

2

1,03,228.4

2,900.05

18,002.07

0.03

0.17

15,102.02

520.75

3

3,43,007.1

65,402.96

89,623.53

0.19

0.26

24,220.57

37.03

4

9,26,275.6

36,791.05

39,951.52

0.04

0.04

3,160.47

8.59

5

23,55,899.8

1,02,307.03

1,24,074.89

0.04

0.05

21,767.86

21.28

6

3,95,964.8

62,096.50

74,384.89

0.16

0.19

12,288.39

19.79

7

9,07,975.1

40,501.36

54,962.36

0.04

0.06

14,461.00

35.70

8

2,55,085.4

40,416.80

55,273.79

0.16

0.22

14,856.99

36.76

9

5,52,476.6

16,438.36

30,851.94

0.03

0.06

14,413.58

87.68

10

5,09,604.9

63,271.59

98,275.98

0.12

0.19

35,004.39

55.32

11

3,00,320.0

55,724.68

65,592.04

0.19

0.22

9,867.36

17.71

12

8,96,075.7

52,586.28

64,008.84

0.06

0.07

11,422.56

21.72

13

2,34,940.8

43,961.15

56,390.20

0.19

0.24

12,429.05

28.27

85,69,354.60

6,00,396.92

808969.43

0.07

0.09

2,08,572.51

34.74
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Geology and Structural Set up
Auden (1942) identified the area around Nainital as forming a prominent physiographic unit of Kumaun
Himalaya synclinal basin. Middlemiss (1890) was the first to study the geology of the area around Nainital
and the carbonate rocks exposed in the area were identified by him as belonging to Krol. Holland (1897) gave
a detailed account of the geology of the area. Subsequently Heim and Gansser (1939), Auden (1942),
Nautiyal (1949), Hukku and Jaitley (1964), Valdiya (1988), Sharma (1998) and Jiang and others (2002)
together with many others contributed towards better understanding of the stratigraphy and structure of the
area. General lithostratigraphic succession of the study area is as given in Table 8.
Table 8: Lithostratigraphic succession in and around Nainital.
Lithology

Group / Formation

Siwalik Group

Sandstone and shale
MBF/ Krol Thrust
Carbonaceous pyritic shale with subordinate grey stromatolitic limestone, purple shale and
siltstone interbedded with fine grained brownish to muddy sandstone and mudstone

Tal Group

Unconformity
Krol Group

Baliana
Group

Red, purple and black shale, light yellowish, green - grey and light brown calcareous slate,
massive grey and blue dolomitic limestone and argillaceous limestone with greywacke and
purple and brown siltstone with subordinate slate of same colour and muddy fine grained
sandstone

Infra Krol
Formation

Purple slate associated with ash - grey and black shale with limonitic staining

Blaini
Formation

Conglomerate associated with purple slate, sandstone and dolomitic limestone. The pebble to
cobble sized, rounded to sub rounded clasts of quartzites, slates and dolomites are embedded in
the matrix of green to brownish sandstone or limestone

During the course of fieldwork rocks of Baliana, Krol and Tal groups of Lesser Himalaya were encountered
in the various traverses taken in the area around Nainital. Baliana Group is observed to comprise of Blaini
and Infra Krol formations. Main characteristics and the lithounits observed under each Group / Formation
are discussed below together with the salient observations made along various traverses.

Blaini Formation: The Blaini Formation in the study area is observed to comprise of conglomerates
associated with purple slate, quartzite and dolomitic limestone. Pebble to cobble sized, well rounded, as also
rounded to sub - rounded clasts of quartzite, slate and dolomite are observed to be embedded in the matrix of
brownish flecked calcareous sandstone or limestone (Fig. 36). For the purpose of present study one single
lithounit represented by conglomerates is shown in the geological map.

Fig. 36. Rock exposures of Blaini Formation near
IDH Colony.

Fig. 37. Rock exposures of Infra Krol Formation in
Barah Pathar - Pangot section.
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Infra Krol Formation: The Infra Krol Formation in the study area is observed to comprise of
carbonaceous slates that are often interbedded with shales. These are observed to be highly sheared and
eroded. Ash grey, dark grey or black shales and slates with limonite staining are observed along various
sections in the field (Fig. 37). For the purpose of present study one single lithounit represented by
carbonaceous slate is shown in the geological map.

Krol Group: In the study area Krol Group is observed to comprise of red and purple ferruginous shale
locally mottled with olive green patches as also light yellow, green - grey and light brown calcareous slate
and argillaceous limestone together with massive dark grey and blue dolomitic limestone, massive dolomite
and tuffaceous limestone. In the field purple, brown, grey and white coloured greywacke and siltstone with
subordinate slate and fine grained muddy sandstone are also observed. Massive dolomitic limestone is
observed to show shrinkage features and generally appears to be cherty and phosphatic. Shale is observed to
be interbedded with algal dolomite and slate is observed to alternate with marlite and argillaceous limestone.
For the purpose of present study this Group is divided into four lithounits (Fig. 38).
1.

Shale and slate

2.

Limestone / dolomitic limestone

3.

Tuffaceous limestone

4.

Sandstone

Tal Group: In the study area Tal Group is observed to comprise of carbonaceous shale with subordinate
dolomitic limestone, purple green shale intercalated with brownish to muddy, fine grained sandstone and
siltstone. This Group, represented by carbonaceous pyritic shale and slate with subordinate stromatolitic
limestone, is best developed in Golf Course area, while purple shale and siltstone interbedded with fine
grained muddy sandstone is best developed in upper Narayan Nagar area. These are observed to
transitionally grade into phosphatic dolomite of Upper Krol Formation. This Group has not been mapped
separately for the purpose of the present study.

Geological observations along some of the traverses
Handi Bandi - Pangot section: The rocks belonging to Krol Group occur along this road section.
From Barah Pathar to Government Polytechnic Collage dolomitic limestone is observed to be the dominant
rock type. The road section from just above Sukhatal to Handi Bandi area is characterised by limestone /
dolomitic limestone terrain with abundance of dislodged blocks that appear to be hanging, right from the
ridge top. Thereafter, up to Pangot, grey and purple shale and slate are exposed along the road section. The
rocks are generally hard and compact but at places these are observed to be weak due to their thinly bedded
and highly jointed nature as also due to the presence of shear planes. At places the rocks are observed to be
highly weathered and seepage is observed along discontinuities. In general bedding is observed to be well
developed and the rocks dip towards southwest to northwest at moderate to moderately steep angles (35°50°) . The attitude suggests the sequence to be folded.
A number of shear planes showing evidences of both normal and reverse movement are observed in this
section. These are observed to be filled with silt and clayey gouge. The shear planes are observed to dip in
SSE - WSW and N - NE directions, mostly at moderate angles and normal movement dominates over
reverse (Figs. 39 and 40).

DSB Collage road - Malli Tal section: In this section dolomitic limestone with intercalations of
sandstone, shale and slate is observed to be exposed up to the Kumaun University campus. Intercalations of
purple siltstone are observed around the University campus. Thereafter intercalations of purple siltstone and
fine grained muddy quartzitic sandstone are observed together with shale, slate and dolomitic limestone.
Thereafter on the road section near Naini Devi temple grey shale and slate are observed.
Bedding plane is generally observed to be well developed and dips at gentle to moderately steep angles (15°55°) towards north, northwest and southwest.
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Fig. 38. Geological map of the area around Nainital.
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Durgapur - Harinagar section: The rocks belonging to Infra Krol Formation and Krol Group occur
along this section as also along the Balia nala. Ahead of the bridge near Brewery carbonaceous shale is
exposed along with interbedded red and dark grey slates of Infra Krol Formation (Fig. 41). This sequence
continues up to lower Kishnapur. The rocks are observed to be of exceptionally poor quality because of the
presence of a number of shear planes (Fig. 42). Seepage is observed at a number of places and rocks in most
outcrops are observed to be highly to completely weathered. The bedding plane generally dips at gentle to
moderate angles (10°- 45°) towards north, northwest and southwest.
The major rock types exposed between lower and upper Kishnapur are purple and greenish slates belonging
to lower and middle Krol Group. The rocks are generally hard but at most places these are observed to be
very weak because of their thinly bedded and highly jointed nature, as also due to the presence of shear
planes. At places the rocks are observed to be highly weathered. Bedding plane is generally observed to be
well developed and disposed at moderate angles (35°- 50°) towards northwest. Thereafter, upto Harinagar
dolomatic limestone belonging to upper Krol Group is exposed.
West dipping shear planes with normal sense of shear are observed along this section. Seepage of water is
observed at a number of places along this section.

Nainital - Barah Pathar section: In this traverse from High Court to Sleepy Hollow tuffaceous
dolomitic limestone of Krol Group is observed to be exposed. From the University gate at Sleepy Hollow
yellow slate with intercalations of purples shale and grey slate are observed to be exposed upto Barah Pathar.
The rocks are generally hard and compact but at most places these are observed to be very weak because of
their thinly bedded and highly jointed nature as also due to the presence of shear planes. At places the rocks
are observed to be highly weathered. In general the rocks dip at moderate to moderately steep angles (40°70°) towards north, northeast and northwest. Open folds are observed in the purple shales ahead of Modi
House.

Barah Pathar - Khurpatal section: In this traverse starting from Barah Pathar dolomitic limestone
with intercalations of purple shale, grey shale and slate is exposed in road section with vertical cover. The
rocks are generally hard and compact but at places these are observed to be weak because of their thinly
bedded, fissile and highly jointed nature as also due to the presence of shear planes, particularly in shales and
slates.
In general bedding is observed to be well developed and dips at moderate to moderately steep angles (30°65°) towards northwest to northeast. The bedding plane attitude suggests the rocks to be folded. Small scale

Fig. 39. South dipping fault showing normal sense of
movement separates the underlying shales and slates from
overlying west dipping purple shales.

Fig. 40. NE dipping shear plane showing reverse sense of
movement observed in west dipping slates.
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Fig. 41. Highly sheared carbonaceous slates near Brewery.

Fig. 42. Highly sheared carbonaceous slates near
Brewery.

shear zones also occur in the area. These mostly dip towards northeast and show normal sense of movement.
Occasional fine grained muddy sandstone bands and purple shale with subordinate argillaceous limestone of
Tal Group are observed before upper Naryan Nagar. In this section sink holes are particularly observed in
dolomitic limestone near Barah Pathar.

Nainital - Hanumangarhi section: In this traverse starting from Harinagar dolomitic limestone of
upper Krol Group is exposed. Intercalations of purples shale and grey slate along with sandstone bands are
observed to be present in some exposures. The rocks are generally observed to be very weak because of their
fissile and highly jointed nature, as also due to the presence of a number of shear planes.
Bedding plane is generally observed to be well developed and dips at gentle to moderate angles (10°- 45°)
towards west, southeast and northeast. The orientation of the bedding plane reflects the affect of folding on
the rocks.
The road section near Harinagar area is characterised by limestone terrain with dislodged blocks that are
hanging from the upslope and pose threat of rock fall.
A number of north dipping shear planes are observed in this section (Fig. 43) and faulting in the area has
caused repetition of the purple shale and limestone sequence (Fig.44).

Fig. 43. North dipping shear plane separates quartzites
from purple shales in the road section near Hanumangarhi.

Fig. 44. Highly disturbed and sheared rock sequence near
Hanumangarhi.
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Barah Pathar - Tiffin Top section: In
this traverse starting from the Horse Stand
dolomitic limestone is observed to be
exposed. It has intercalations of purple shale
and grey slate and shows the presence of
sandstone bands in some exposures.
Bedding plane is generally observed to be
well developed and dips at gentle to
moderately steep angles (20°- 50°) towards
northeast. Dolerite dyke is observed above
the dry lake let before the junction of the
footpath leading to Sherwood Collage. The
vicinity of Tiffin Top has dolomitic limestone
Fig. 45. Folding in shales near Mangawali.

terrain with dislodged blocks that are hanging from the
upslope.

Tiffin Top - Sherwood College - Raj Bhawan Golf Course section: Conglomerates of Blaini
Formation are observed near the Tiffin Top ridge and rocks
belonging to Krol Group are observed to occur along most
portion of this section. Dolomitic limestone with
intercalations of light brown sandstone is observed to be
exposed just above the Sherwood Collage. Thereafter, upto
Raj Bhavan and Golf Course massive dolomitic limestone
is observed to be exposed. At places transition of
carbonaceous pyritic shale with subordinate stromatolitic
limestone of Tal Group is observed.
Rocks are mostly observed to dip in north to northeasterly
direction and the calcareous rocks are observed to be highly
jointed and fractured. These at places pose threat of rock
fall.
A massive landslide at Golf Course is observed to show
rapid headward progression with presence of transverse
and crown cracks.

Fig. 46. Sharp tectonic ridge near IDH Colony
with boulder conglomerate exposures at the top.

Raj Bhawan - Court - Tallital section: In this section dolomitic limestone is observed to be exposed.
Bands of fine grained sandstone are observed near the district Court along this section of Krol Group. In
general bedding is well developed and dips at gentle to moderately steep angles (15°- 55°) towards
southwest.

Jungle Camp - Tiffin Top section: The rocks belonging to Krol Group occur along this section.
Dolomitic limestone with intercalations of purple shale is observed at some places along this section.
Thereafter up to Tiffin Top calcareous rocks are encountered. This area is characterized by dolomitic
limestone terrain having preponderance of dislodged blocks.

Tanki - Birla Vidhya Mandir - IDH Colony section: Purple shale and grey and yellow slate with
intercalations of dolomitic limestone are observed in most exposures encountered along this section.
Bedding is generally observed to be well developed and dips at moderate to steep angles (35°- 75°) towards
southwest to northwest.
Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand
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The bedding attitude suggests presence of folding in the area. Small scale shear zones and folds are also
encountered in some exposures along this section (Fig. 45). Ahead of Mangawali, in the vicinity of IDH
Colony conglomerates are observed to be exposed over the dolomitic limestone of Blaini Formation. The
terrain is observed to have dislodged blocks over the southeastern fringe of the Naini lake. Steep fault scarp
is also observed in this zone (Fig. 46).

Tallital - Pines section: Grey shale and slate of Krol Group are observed to be exposed along most
portion of this section. After the nala near Pines calcareous purple shale of Infra Krol Formation is exposed
in the road section with vertical cover. It is observed to show intercalations of ash grey shale and slate with
limonitic coating.
The rocks are generally hard and compact but at most of the places these are observed to be very weak
because of their thinly bedded, fissile and highly jointed nature as also due to the presence of shear planes.
Rocks are highly weathered at places. In general beds dip at gentle to moderately steep angles (20°- 55°)
towards northwest to southwest.

Structural set up
The rocks exposed in the area are observed to be highly jointed, fractured and sheared. Geomorphic and field
observations show the presence of a number of shears that have rendered the area highly disturbed and prone
to mass wastage.

Faults / shear planes: NW - SE trending shear plane is traceable on the northwest of lake and just
below Tanki and above Kilanmore. This shear is observed to be exposed along the road section and separates
purple shale and grey shale / slate. The displacement of beds due to movement along the shear plane can be
traced for a few meters. Attitude of the rocks on Ayarpatha and Sher ka Danda rigdes is observed to show
discordance across this fault. The discordance has been attributed to shearing along this fault that is referred
to as Lake Fault (Valdiya, 1988) and presumed to continue through the Naini lake. Towards the southeastern
end of the Naini lake this fault is observed to continue as a NE - SW trending shear plane that is traceable
along the right flank of Balia Nala just above Brewery bridge and near Bisht Estate.
An east - west trending shear plane is traceable to the southwest of lake at near the road diversion to
Hanumangarhi temple. It extends up to the right flank of Balia Nala just above Durgapur area.
Another northeast - southwest trending shear plane is traceable through the Golf Course to Sherwood
College on the southwestern side of the Naini lake. An east - west trending shear is traced from Lands End to
Golf Course. This shear shows distinct geomorphic expression and can be clearly observed from Khurpatal
area.
An eastnortheast - westsouthwest trending shear is traced to the west of the Naini lake in between the dry
lake let and Lands End. It forms a distinct scarp that is clearly visible in the field.
Northeast - southwest trending shear is traced to the northeast of Naini lake through Sehar ka Danda to the
Naini lake where it merges with Lake Fault. Along this shear discordance is observed in the purple shale,
yellow and grey slates. Sharp cut terrain features can clearly be observed along this shear around the
IDH Colony.

Bedding plane: Bedding plane of the rocks observed in the area show frequent change in attitude. For
statistical study of the bedding plane attitude of the rocks in the area around Naini lake observations made on
either side of the Lake Fault are grouped together. The lower hemisphere projection of the bedding plane
poles is mostly observed to follow almost north - south trending great circle which is indicates that the rocks
in the area are folded and the hinge line trends east - west (Fig. 47).

Joints: As has been indicated earlier tectonic movements in the area have resulted in the presence of
multiple joint sets in the rocks exposed in the area. The data collected in the field was analysed statistically to
delineate prominent discontinuity planes present in different zones. Analysis of the lower hemisphere
projection of the joint plane poles show that all the rock units have 3 to 4 sets of prominent joints (Fig. 48).
The litho unit wise disposition of the prominent joint sets is given in the Table 9.
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Fig. 47. Map showing lower hemisphere projection of the bedding plane poles observed in the area.
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Fig. 48. Map showing lower hemisphere projection of the joint plane poles observed in the area.
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It may be noted that the relationship of the surface slope disposition with the orientation of the prominent
joint sets is critical to failure and the two parameters need to be accorded their share of importance while
deliberating upon the suitability of any area for developmental initiatives.
Table 9. Prominent joint pattern observed in various rock types in the area.

Group /
Formation

Litho unit

Orientation of prominent joint plane
(dip amount  Dip direction)
J1

J2

West of lake fault

Krol Group

o

Infra Krol Fm.
East of
Lake
Fault

Purple shales

50 – 70o 
075o

50  055
50o  082o
70o  105o

Shale and slate

40 – 45o 
78o

75 - 80o 
100 - 120o

Limestone and dolomite

70o  070o
60o  090o

Carbonaceous
slate/shale

65o  020o

Shale and slate
Krol Group

J3
o

30o  15o
75o  024o
60o  034o
40 - 50o 
062o

60 – 70o  112 o
55 – 65o 
138 - 152o

J4

30 – 40o 
50o  360o
240o
75o  220o
80 – 85o 
40 – 62o  350 - 360o
240 - 252o
o

40 – 60  65o  350o
o
242 - 258
70 – 80o 
320 - 340o

45o  120o
80 - 85o 
132o

40o  210o

70 – 80o 
320 - 340o
70o  320o

Lineaments:
Lineaments are universally accepted as being surface expressions of subsurface discontinuities (weak zones)
that are often not recongnised in field observations. Topographic maps as also satellite imageries are often
used for delineating these as the synoptic view of a large area provided by these is helpful in delineating these
features.
The lineaments thus represent weak zones along which mass wastage is likely and therefore mapping of the
lineaments was undertaken in the area. Both Survey of India toposheets and WorldView-2 satellite imageries
were used for delineating the lineaments (Fig. 49). It was encouraging to note that some of the lineaments
correlate positively with the structural discontinuities even though the two do not exactly overlap each other.
Presence of some of the lineaments delineated from the satellite imagery has also been validated from
geomorphic expressions observed in the field. These are tectonic lineaments and represent tectonic
discontinuities.
It is important to note that the lineaments are observed to show a trend both parallel and transverse to the
alignment of the Naini lake. Most lineaments show NE - SW to NNE - SSW and NW - SE trend.
A significant lineament showing NNW - SSE trend is observed to traverse through Hanumangarhi area while
another one trends parallel to Balia nala.
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Fig. 49. Lineament map of the area around Nainital.

The area around Nainital is observed to be traversed by a number of tectonic discontinuities and the rocks
exposed in the area are observed to be highly jointed, fractured and sheared. The geo-tectonic set up of the
area makes it a suitable site for hosting major mass movements and in the past the town has been devastated
by a number of land slips. Enhanced pore water pressure and inherent structural weaknesses of the rocks
have played a major role in facilitating these slides.
A number of areas around the Naini lake are observed to be undergoing active mass wastage and the
structural set up of the rocks in those areas is required to be investigated in detail before initiating any
mitigation strategy.

Slope instability and geo-environmental issues of the area around Nainital
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Rock mass assessment
The rock mass strength of an area is an important parameter for deciding suitability of an area for
development as also for finalising the safety features to be incorporated while initiating developmental
initiatives. These studies were therefore undertaken in the area based upon various schemes laid down by
various researchers.

Rock mass rating of Bieniawski: Bieniawski (1973) proposed rock mass rating (RMR) system that
is also known as geomechanic classification for jointed rock masses. The five basic parameters are
considered for this classification. These include i) strength of rock, ii) rock quality designation (RQD), iii)
spacing of joints or discontinuities, iv) condition of the discontinuities and v) ground water conditions. On
the basis of the observations made on these parameters, the RMR values are deduced and these range from
very poor to very good.
A qualitative assessment of the various parameters leading to RMR of Bieniawski (1973) has been carried out
on the basis of surface data along different traverses in the area around Naini lake. The details of the various
parameters to be considered are as given in the Table 10.
Table 10. Rock mass rating (RMR) parameters for various rock types

Sl. No.

Features

Rock Quality
Good

Fair

Poor

Very Poor

Very local
reaches

Local reaches

10-50 cm spaced
(very common)

> 10 cm spaced

Moderately jointed

Local reaches
of fracture

50 - 100 cm spaced
(common)

Local reaches of
intense fracture

Intense fracture

3.

Less jointed

1.0 m and
above spaced
(common)

Local along seams /
fracture

Local along seams /
fracture

Prominent seams /
fractures

4.

Compressive
strength (kg/cm2)

> 200
Kg/cm

100 - 200 kg/cm

> 100 kg/cm

15 - 50 kg/cm

5.

RQD

60 - 70 %

50 - 60 %

> 50 %

> 25 %

6.

Joint set

3 set and more

3 set and more

3 set and more

3 set and more

7.

Joint roughness

Planar and rough

Planar and rough

Planar and rough

Planar and rough

8.

Joint alteration

Unaltered

Unaltered

Unaltered

Unaltered

9.

Joint water

Mostly dry

Mostly dry

Mostly dry

Mostly dry

10.

Joint orientation

Obliquely across

Obliquely across

Obliquely across

Obliquely across

11.

Rockmass class

> 60

- - 60
40

< 40

< 20

1.

Highly jointed

2.

Note: Stress Reduction factor (SRF) is highly subjective and considered as 0.5 to 2.5/5.0 at places.

The RMR classes have been assessed on the basis Bieniawski's rating class and observations of various rock
parameters including strength and joint orientation, spacing, nature and persistence of the joints as also
block development based on joint pattern has been taken note of. Crude estimation of the RMR for various
rock types is given in Table 11.
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Table 11. Estimated RMR values of the rocks exposed at different sections around Naini Lake.
S. No.

Traverses

Rock type

Rock Mass Rating (RMR)

Limestone/dolomitic Good rock- slightly to moderately jointed (joint space 35 100 cm apart), with local zone of fracturing
limestone
RMR = 70 - 60 (may be 60 dominant)
1.

NainitalHanumangarhi section

Sandstone/
quartizitic sandstone
Shale and slate

Shale and slate
2.

Nainital - Barah
Pathar road section

Tuffaeceous limestone

Limestone/dolomitic
limestone
3.

Handi Bandi Pangot road section

Shale and slate

Shale and slate

4.

5.

6.

Tanki - Birla Vidhya
Mandir IDH Colony section

Barah Pathar
- Khurpatal
road section

Barah Pathar
- Tiffin Top
section

Limestone/dolomitic
limestone

Poor rock- moderately to highly jointed (joint spaced 05 - 15 cm)
with local zones of intense fracturing
RMR = 40 - 20 (may be 30 dominant)
Poor rock - highly jointed (joint spaced 05 - 15cm apart)
moderately to highly weathered local zones of intense fracturing
due to thrusting
RMR = 40 - 20 (may be 25 dominant)
Poor rock- highly jointed (joint spaced 10 - 30 cm apart)
moderately weathered with local zones of intense fracturing
RMR = 40 - 20 (may be 30 dominant)
----------------------------------------------------------------------------

Dislodged blocks

Fair rock - moderately jointed (joint spaced 10 - 40 cm)
with local zones of intense fracturing
RMR = 60 - 40 (may be 40 dominant)
Poor rock- highly jointed (joint spaced 05- 20 cm apart)
moderately to highly weathered with local zones of intense
fracturing
RMR = 40 - 20 (may be 25 dominant)
Fair rock- moderately jointed (joint spaced 10 - 50 cm)
with local zones of intense fracturing
RMR = 60 - 40 (may be 50 dominant)

Conglomerate

----------------------------------------------------------------------------

Limestone/
dolomitic limestone

Good rock- slightly to moderately jointed (joint space 20100 cm apart), with local zone of fracturing
RMR = 80 - 60 (may be 75 dominant)

Shale and slate

Poor rock- highly jointed (joint spaced 10 - 30 cm apart)
moderately to highly weathered with local zones of intense
fracturing
RMR = 40 - 20 (may be >20 dominant)

Sandstone

Fair rock- moderately jointed (joint spaced 10 - 50 cm)
with local zones of fracturing
RMR = 60 - 40 (may be 50 dominant)

Limestone / dolomitic
limestone

Good rock- slightly to moderately jointed (joint space 20100 cm apart), with local zone of intense fracturing
RMR = 80 - 60 (may be 70 dominant)

Shale and slate

Poor rock- highly jointed (joint spaced 05 - 15 cm apart)
moderately weathered
RMR = 40 - 20 (may be > 25 dominant)
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7.

8.

9.

10.

11.

Tiffin Top - Sherwood
- Raj Bhawan
- Golf Course
section

Jungle Camp - Tiffin
Top section

DSB Collage road Malli Tal section

Raj Bhawan - Court Tallital section

Tallital - Pines
road section

Dolerite dyke

Good rock - moderately jointed (joint spaced 20 - 80 cm apart),
with local zones of fracturing
RMR = 60 - 40 (may be >40 dominant)

Conglomerate

----------------------------------------------------------------------------

Limestone/
dolomitic limestone

Good rock - slightly to moderately jointed (joint space 20 100 cm apart), slightly to moderately weathered with local zone
of fracturing
RMR = 80 - 60 (may be 70 dominant)

Sandstone /
quartizitic sandstone

Fair rock - moderately jointed (joint spaced 10 - 45 cm)
with local zones of fracturing
RMR = 50 - 40 (may be >40 dominant)

Conglomerate

----------------------------------------------------------------------------

Limestone / dolomitic Good rock- slightly to moderately jointed (joint spaced 20 70 cm apart), with local zones of intense fracturing
limestone
RMR = 70 - 50 (may be 60 dominant)
Shale and slate

Poor rock- highly jointed (joint spaced 10 - 20 cm apart)
moderately weathered with local zones of intense fracturing.
RMR = 40 - 20 (may be < 30 dominant)

Limestone /
dolomitic limestone

Good rock- slightly to moderately jointed
(joint space 20 - 100 cm apart), with local zone of fracturing
RMR = 80 - 60 (may be 65 dominant)

Siltstone

Fair rock- moderately jointed (joint spaced 10 - 50 cm)
RMR = 60 - 40 (may be 50 dominant)

Sandstone /
quartzitic sandstone

Fair rock - moderately jointed (joint spaced 10 - 50 cm)
RMR = 60 - 40 (may be 50 dominant)

Shale and slate

Poor rock - highly jointed (joint spaced 05 - 25 cm apart)
moderately weathered.
RMR = 40 - 20 (may be 30 dominant)

Massive limestone/
dolomitic limestone

Good rock- slightly to moderately jointed (joint space 20 - 100 cm
apart), with local zone of fracturing
RMR = 80 - 60 (may be 70 dominant)

Sandstone/
quartzitic sandstone

Fair rock- moderately jointed (joint spaced 10 - 50 cm).
RMR = 60 - 40 (may be 50 dominant)

Shale and slate

Fair rock- moderately jointed (joint spaced 10 - 40 cm) with
local zones of intense fracturing
RMR = 60 - 40 (may be 40 dominant)

Carbonaceous slate

Poor rock- moderately to highly jointed (joint spaced 05 - 25 cm
apart) moderately weathered with local zones of intense fracturing
RMR = 40 - 20 (may be 30 dominant)

Carbonaceous slate

12.

Durgapur Harinagar footpath
section

Limestone

Shale and slate

Very poor rock- highly jointed (joint spaced 02 - 15 cm apart)
highly to completely weathered with local zones of intense
fracturing
RMR = < 20 (may be 20 dominant)
Good rock- slightly to moderately jointed (joint space 20 - 100 cm
apart), with local zone of fracturing
RMR = 80 - 60 (may be 60 dominant)
Poor rock- moderately to highly jointed (joint spaced 05 - 25 cm
apart) highly to moderately weathered with local zones of
intense fracturing
RMR = 40 - 20 (may be < 30 dominant)
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Ground water (seepage) / drainage / insitu Conditions: Besides Balia nala no major drainage
system is observed in the area around Nainital. Seepage of a normal order is thus expected to occur on the
slopes to the east and west of Naini lake along discontinuities and surface fractures.
Seepage is common in the most areas of the township even in dry season. Seepage mostly emanates from the
contacts of the in situ rocks with different grades of weathering and through shear planes. Leakage from
sewage and water supply lines also adds to the seepage at some places. Role of seepage is especially
important in decreasing slope stability at this area.
Geological maps, incorporating basic data relating to rock mass classification are found to be useful for
understanding the rock mass behaviour. The correlation of rock quality parameters also indicates close
relationship between surface and subsurface conditions. Rocks in the area are mostly observed to be of very
poor quality because of weathering and structural instability. Weathering is one of the most important rock
mass characteristic for the stability of the area and necessary factor of safety should be provided in all
engineering works for taking care of any such contingency. The bearing capacity of the site for hosting the
structures should therefore be determined in the light of present geological - geotechnical assessment.
The properties of the various rock types observed around the Naini lake are given in the Table 11. Rocks in the
study area show wide range of weathering grades; from slight to complete. On the basis of the surface
geological observation by geo - mechanical rock mass parameters, the RMR values are estimated to range
between < 20 - 80. In strength, these rock materials shows wide range from very poor (in highly to completely
weathered rock) to good (in slightly to moderately weathered rock) quality. The bearing capacity of the rocks
should thus be determined in the light of present geological - geotechnical assessment.
In strength limestone is strong but because of solution action the quality of the in situ rocks at most places is
observed to be poor due to underground cavities. Weathering is one of the most important rock mass
characteristic influencing the stability of the area and necessary design factor should be provided in all
engineering works for taking care of any such contingency.
Adequate precautions should be taken in all construction works in Nainital in view of the specific terrain
characteristics. In case of heavy construction it is highly recommended that the bearing capacity of the soil /
rock be determined beforehand.
In general the rock mass rating values for rock quality have been included in this report, along with the site
specific geological - geotechnical information. These are based upon the surface geological information and
therefore judgment and discretion would be required for implementing engineering works on the basis of
these.
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Slope instability evaluation
Landslide is merely downslope movement of rock mass resting on the hill slopes or comprising the hill slopes
under the influence of gravity. The mass likely to move down rests in a critical state of stability and requires a
trigger to initiate the down hill movement. The instability of the rock mass as also the trigger are controlled by
a number of parameters and their complex interrelationship. It is therefore important to precisely identify the
various parameters likely to cause both slope instability and the downslope movement. After detailed
fieldwork and review of previous studies undertaken in the area on mass instability the details of the various
parameters likely to cause instability and trigger downslope movement have been finalised and theme maps
pertaining to these prepared.
Apart from the field observations and study of the satellite imageries, data from various sources has been
analysed for preparing a number of themetic maps that have been ultimately correlated under GIS
environment to identify potential unstable zones. The following maps have been prepared and their
relationship with landslide incidences in the area around Nainital has been studied so as to delineate potential
areas with high probability of instability:
(i)

Geology / lithology

(ii)

Structure

(iii)

Land use / land cover

(iv)

Lineament

(v)

Geomorphology

(vi)

Slope

(vii)

Aspect

(viii) Drainage
(ix)

Road network

The surface slope in the area around the Naini lake is generally observed to be moderate to moderately steep.
Many areas of Sher ka Danda, Naini peak, Golf Course, Deopatha and Krisnapur however also show steep
slopes and the Balia nala flowing roughly in southeasterly direction has carved out a deep valley due to
intense shearing in the area.
Most area around the Naini lake is observed to be rocky, densely vegetated and is even observed to have
varying cover of bouldery and silty - clayey soil deposit above the rocks. Overburden slides are known to
occur in areas where the material has appreciable proportion of silt and clay sized fine particles. This
movement is often triggered by increased weight of the soil material by soil saturation and development of
excess pore water pressure. In the study area the overburden material has some fines and the slope wash
material derived from the weathering of dolomitc limestone / limestone, shale and slate is impervious.
Therefore there exist fair chances of overburden slides occurring is the area.
The landscape of the area around the Naini lake is observed to be in an active state of degradation and most of
the slope failures in the past have been caused by the saturation of the soft and weak weathered rock / soil
material. Small to large size landslides have been observed at various locations.
Cracks and open joints observed in the structures together with ground subsidence and bulging of retaining
walls and tilting of trees at a number of places clearly suggest that many slopes around the lake are
experiencing active downslope movement and enhanced pore water pressure is likely to trigger massive
mass movement.
The cracks observed in structures are attributed largely to creep. Ground subsidence is however caused by
displacement of fines from the matrix due to unwanted percolation of rainwater as also household waste
water into the vulnerable slopes. Based upon the objective analysis of the ground realities observed in the
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area around the Naini lake the main causes of the slope instability are summarised in the next section. These
include:

•

Preponderance of very weak rock material in the area.

•

Overall low in situ strength of the rocks.

•

Heavy precipitation in the area during the monsoon season.

•

Reduced slope stability due to seepage of water from natural and artificial sources (mostly domestic
and commercial).

•

Inadequate, inefficient and ill maintained surface water management system and enhanced
underground seepage.

•

Inadequate management and maintenance of natural and artificial drains.

•

Blockade and obliteration of drains designed for safe disposal of excess precipitation.

•

Steep slopes cuttings in weak rock mass and overburden for construction and other activities.

•

Unplanned and unregulated developmental initiatives.

•

Lack of debris disposal policy and non - identification of sites for safe disposal of excavated material.

•

Loading of weak slope with heavy infrastructure.

•

Disposal of excavated material along the hill slope as also along the course of the drains.

•

Lack of strategy for the treatment of the active landslides in the area.

•

Dislodgement which is a common features in dolomitic limestone / limestone terrain around the Naini
lake makes many areas prone to the threat of rock fall.

The area around Nainital is highly sheared and deformed and is naturally in highly unstable state that is
poised for downslope movement. The accelerated pace of erosion and increased instability of hill slopes is
primarily attributed to enhanced pace of anthropogenic activities; indiscriminate construction of heavy
buildings in utter unplanned manner, disruption of water ways, indiscriminate disposal of excavated material
and infringement with the forest, particularly so in the recharge zone of the Naini lake.

Relationship of bedding dip direction and slope direction: Bedding discontinuities in
relation to the slope direction is an important aspect for determination of landslide susceptibility in an area.
Cruden and Eaton (1987) and others have classified the slope into various classes that include cataclinal,
ortho-cataclinal, orthoclinal, anaclinal and ortho-anaclinal depending on the direction of the slope as
compared to direction of dip. Slope classes at different sections for various rock types are given in the Table
12.
In general the slopes of the area along the traverses in various rocks were classified following the
classification taking bedding dip direction into consideration. Most slopes in the area around the Naini lake
are observed to be of orthoclinal type, i.e. The bedding dip direction is askew to the slope direction.

Hazard zonation: Extrapolating the basic geological premise that present is the key to the past (Principle
of Uniformitarianism) one is sure to come out with the conclusion that the same natural laws and processes
that operate in the universe now, shall continue to operate in future as well and would apply everywhere in the
universe. So based upon the delineation of different conditions that promote landslides in the present attempt
has been made to demarcate areas with similar conditions and it is postulated that these areas have high
probability of hosting landslides in future.
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Table 12.Slope classes in various sections in different rock types around Naini Lake.

Sl. No.

1.

2.

3.

4.

5.

6.

7.

Traverse

Rock type

Nainital - Hanumangarhi section

Limestone / dolomitic
limestone

Anaclinal, ortho-anaclinal

Quartizitic sandstone

Anaclinal, ortho-anaclinal

Shale and slate

Orthoclinal, ortho-anaclinal

Shale and slate

Orthoclinal

Tufeceous limestone

--------------

Limestone / dolomitic
limestone

Dislodged

Shale and slate

Orthoclinal, ortho-anaclinal

Shale and slate

Orthoclinal, ortho-anaclinal

Limestone / dolomitic
limestone

Orthoclinal

Conglomerate

--------------

Limestone / dolomitic
limestone
Shale and slate

Anaclinal, Ortho-anaclinal

Sandstone

Anaclinal

Limestone / dolomitic
limestone

Orthoclinal, ortho-anaclinal

Shale and slate

Orthoclinal, anaclinal,
ortho-anaclinal

Nainital - Barah Pathar road section

Handi Bandi - Pangot road section

Tanki - Birla Vidhya Mandir - IDH Colony section

Barah Patthar - Khurpatal road section

Barah Pathar - Tiffin Top section

Tiffin Top - Sherwood - Raj Bhawan
- Golf Course section

9.

10.

Jungle Camp - Tiffin Top section

DSB Collage road - Mallital section

Raj Bhawan - Court - Tallital section

Orthoclinal, ortho-cataclinal

Dolerite dyke

--------------

Conglomerate

--------------

Limestone / dolomitic
limestone

Orthoclinal, ortho-anaclinal

Quartizitic sandstone

Orthoclinal, ortho-anaclinal

Conglomerate

8.

Dip - slope relation

--------------

Limestone/dolomitic
limestone

Orthoclinal, ortho-anaclinal

Shale and slate

Orthoclinal, ortho-anaclinal

Limestone / dolomitic
limestone

Orthoclinal

Siltstone

Ortho-anaclinal

Sandstone / quartzitic
sandstone

Ortho-anaclinal

Shale and slate

Orthoclinal, ortho-cataclinal

Massive limestone / dolomitic Orthoclinal, ortho-cataclinal
limestone
Sandstone / quartzitic sandstone Orthoclinal
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Shale and slate

11.

Tallital - Pines road section

Carbonaceous slate
Carbonaceous slate

12.

Durgapur - Harinagar section

Anaclinal, ortho-anaclinal,
orthoclinal
Anaclinal, ortho-anaclinal,
orhtoclinal
Cataclinal, ortho-cataclinal,
orthoclinal

Shale and slate

Anaclinal, ortho-anaclinal

Limestone / dolomitic
limestone

Ortho-anaclinal

Statistical index method (van Westen, 1997) has been utilised for demarcation of areas likely to witness
slope instability. All the themetic layers (geology, slope, aspect, structure, drainage, lineament,
geomorphology, road network and land use / land cover) have first been correlated with the mass wastage
map so as to decide upon statistically the influence of individual themes on the occurrence of landslides in
the area. Weight value of each and every parameter class of the individual themetic layers are thus worked
out. The individual weight values are defined as the natural logarithm of the mass wastage density in the

Fig. 50. Landslide hazard map of the area around Nainital.
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class divided by the mass wastage density in the entire map. Weighted maps have been prepared for each
theme layer and subsequently integrated to prepare the hazard map. The hazard map so prepared categorises
the area in three hazard categories viz. high, medium and low (Fig. 50).
The hazard map of the area around Nainital shows that large portion around the Naini lake falls in low and
moderate hazard zones. Zone of high hazard is however observed to be spread out in a linear fashion running
NW - SE between Naini peak and the northern fringe of the Naini lake. It may be noted that large portion of
this area has been affected by mass movement in the past and the presence of fissile rocks in the area makes it
susceptible to mass wastage. It also includes areas around Barah Pathar and Tiffin Top that are observed to be
vulnerable to rock fall incidences.
The areas around Balia nala - Brewery, IDH Colony and Golf Course also fall in zone of high hazard (Fig.
51). In these areas active mass wastage is observed to be taking place and in the absence of appropriate
mitigative measures the pace of mass wastage might be enhanced.
The hazard map shows that most area to the east of the lake falls under moderate hazard zone while that to the
west of the lake falls mostly under low hazard zone. It is highly recommended that any developmental
initiatives in the areas earmarked as falling under high and moderate hazard zones should necessarily be
backed by appropriate geotechnical investigations. At the same time slope modification in these areas should
not be allowed as it can lead to changes in groundwater regime that might trigger downslope movement.

Fig. 51. Map showing high hazard zone in the area around Nainital superimposed over WorldView-2 satellite imagery.
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It may be noted that many areas around the Naini lake, particularly in Mallital and Krishnapur falling in high
hazard zone are highly populated. Any mass movement affecting these areas has the likelihood of
jeopardising the lives of large number of people. It is therefore highly important that the masses residing in
these areas be communicated the threat of disaster looming large over them so that they voluntarily adopt
various risk reduction measures.
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Anthropogenic pressure
Change in land use / land cover characteristics of an area is universally accepted as reflecting the magnitude
of anthropogenic pressure. Enhanced anthropogenic pressure in the area around the Naini lake is reflected in
rapid and often undesirable changes in land use / land cover characteristics, depleting level of the lake and
enhanced pace of mass wastage.
The geomorphic configuration of the area around Naini lake has been reshaped by both planned and
unplanned anthropogenic activities that are observed to be going on unchecked and often in violation of all
environmental norms.
It may be noted that the anthropogenic activities, mostly slope modification and undercutting for road and
other infrastructure development initiatives, as also the relationship of the bedding and joint plane orientation
with the surface slope regulate the pace of mass wastage as also cause the threat of rock fall.
Steep slopes in many areas around the lake are observed to be excavated and leveled for various construction
related initiatives (Figs. 52 and 53). Excavation of not so suitable slopes is sure to have adverse impact upon
the hydrological regime of the area that might initiate slope failure.

Fig. 52. Site development for construction near the Zoo.

Fig. 53. Site development for construction along the road
leading to Birla Vidhya Mandir.

It is important to note that there exists no policy for safe disposal of the excavated rock mass and soil material
and not even a single dumping ground has been formally earmarked and notified for this purpose in the area.
The excavated material is thus being
disposed off indiscriminately at the
convenience of the person undertaking the
construction (Fig. 54).
It is observed that the excavated material at
many places is being disposed off along the
hill slope, as also in the drains and natural
depressions. Besides enhancing the
siltation rate of the lake this practice has the
potential of disturbing the hydrological
regime and thereby endangering many
areas, particularly in the vulnerable slopes
to the east of the lake. This practice could
devastate a number of infrastructures in the
city and could at the same time be
disastrous for the very existence of the
Naini lake.

Fig. 54. View of indiscriminate disposal of excavated material along
the hill slope.
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Fig. 55. Blockade of drainage by construction.

Fig. 56. Obliteration of drainage by site development activities.

The topography of the entire area is observed to be in an active state of degradation and most major slope
failures of the past have been caused by the saturation of the soft and weak weathered rock / soil material. This
fact is clearly mentioned in various reports prepared on the aftermath of these disasters.
It is perceived from the observations made in the town that the residents as also the civic authorities do not
appreciate the importance of the drains, so meticulously conceived, planned and constructed along the hill
slopes around the Naini lake. Designed for safe and speedy disposal of atmospheric precipitation the drainage
network has played an important role in stabilising the hill slopes. Obliteration and blockade of the drains is
sure to introduce slope instability in the area. During the field investigations the drainage network in the town
was observed to be encroached, blocked and even obliterated at a number of places (Figs. 55 and 56). This
practice needs to be checked immediately and strictly.
Anthropogenic activities in the town have not spared even the recharge zones of the Naini lake (Figs. 57 and
58) and these are sure to have irreversible adverse impact upon the very existence of the Naini lake. It would
really be hard for anyone to imagine Nainital without the lake in its heart. Major portion of the economy of the
town revolves round the lake and therefore the recharge zones of the lake should not be disturbed for short
term and short sighted commercial gains.
The area around Nainital has not witnessed any major seismic activity for a long time and this is perceived as
being a reason for indifference of the masses towards seismic safety related aspects. This is reflected in
haphazard construction all round the town (Figs. 59 and 60). The township however falls in Zone IV of
Seismic Zoning Map of India (IS 1893:2000) and probability of the area being jolted by a major earthquake
cannot be ruled out. The nature of construction in the town would result in a major disaster in such an
eventuality and therefore the building Bye Laws need to be updated to incorporate seismic safety related
features and the compliance of the same needs to be made binding.

Fig. 57. Anthropogenic interventions in Sukhatal which is
a major source of recharge of the Naini lake.

Fig. 58. Construction activities in the sink holes and
depressions in the Ayarpatha area.
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Fig. 59. The columns encroach upon the public pathway.

Fig. 60. Structure supported by disproportionately large
cantilever.

Katta technology; ingenuity of the lake
city: Topography has always been a major
challenge for infrastructure development related
initiatives in the hills and various engineering and
architectural practices have been put into practice
from times immemorial to overcome this challenge.
This has led to the evolution of a distinct
architectural styles that are well suited to the ground
realities in the hills.
Not relying on technological innovations alone, the
people in Nainital have however come up with an
innovative practice that defies all engineering
Fig. 61. The house has been constructed over area
filled with muck filled gunny bags.

principles and resorts to construction of RCC
roofed structures over the foundation of muck
filled gunny bags or kattas in vernacular (Figs.
61 and 62).
During the course of fieldwork this
construction practice was observed to be
proliferating fast and the implications of the
same are bound to be devastating as these
structures do not really require earthquake
shaking for being razed to ground; heavy rains
would be enough to devastate these.
Fig. 62. The house has been constructed over area filled
with muck filled gunny bags.

The reasons for proliferation and social

acceptance of this practice are required to be investigated together with the reasons of administrative apathy
towards such constructions. There is pressing need to ensure earthquake safe construction practices in all
seismically active areas but if the administration fails to disallow such constructions, it cannot be expected to
bring forth compliance of BIS norms.

Urban slums: Devoid of gainful employment opportunities large number of people routinely migrate to
urban areas. These people add to the force of service providers and usually settle down in areas not normally
occupied by the town dwellers. These settlements are hastily erected and often vulnerable to many hazards.
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Fig. 63. Slum area of Nainital city around Harinagar.

Fig. 64. Slum area of Nainital city along the vulnerable
slopes to the east of the lake.

Proliferation of slum areas, mostly in highly vulnerable parts of the township is a major challenge that needs
to be addressed immediately. It may be noted that most slum areas around the Naini lake are located in areas
identified as falling in zones of high instability and in the event of any seismic activity the situation might
well be highly complicated by slope instability (Figs. 63 and 64).
There exist as many as 12 slum areas in Nainital and the population of the same is as large as 10,000 which is
more than a quarter of the town's population (Table 13).
Table 13. Population of the identified slum areas of Nainital (Source: Census of India, 2001).

Sl. No.

Slum area

Region

Population

1

Narayan Nagar

Mallital

1,947

2

Breysite

Mallital

1,360

3

Sadar Line

Mallital

960

4

Committee Line

Mallital

750

5

Bakery compound

Mallital

650

6

Mangawali

Tallital

750

7

Harinagar

Tallital

1,200

8

Dobhighat

Tallital

780

9

Kathbaas

Tallital

90

10

Rajpura

Mallital

800

11

Sukhatal

Mallital

180

12

Jubliihall

Mallital

200

TOTAL

9,667

Increase in population: The population pressure in Nainital has been increasing and at present the
population of Nainital is 41,461 (Fig. 65).
Being a tourist destination as also seat of Uttarakhand High Court the city routinely receives a large floating
population. Rapid increase of population has serious implications upon creation of infrastructure and
facilities.
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Fig. 65. Population of Nainital city since 1901.

Original topography of the area around the Naini lake has been considerably modified by unplanned and
massive anthropogenic activities. Improper and inappropriate land use practices together with construction
on vulnerable slopes without due regard to seismic safety related provisions, overloading vulnerable slopes
with large structures, slope modification, unplanned and unregulated excavation of the vulnerable slopes,
indiscriminate and irresponsible muck disposal together with blockade and obliteration of natural water
courses and drains, disturbances in natural recharge zone of the lake and unplanned disposal of household
waste water together complicate the slope stability related issues around Nainital.
It becomes clear from the above cited facts that the geo-environment of the area around the Naini lake is
faced with tremendous anthropogenic pressure and the magnitude of the same is on the rise. If appropriate
and well planned measures are not taken soon, the situation might be disastrous.

Slope instability and geo-environmental issues of the area around Nainital

61

Discussion and conclusion
The sedimentary terrain requires careful studies with regard to slope instability and for safe designing of the
planned infrastructure. Generally low strength of the rock is a primary feature of these areas and there is
sharp deterioration in the strength of the rocks with increasing weathering intensity. Detailed investigations
and in depth study of the engineering geological properties of the rocks is thus a must in these areas for all
developmental initiatives. These help in the preparation of competent designs with appropriate technoeconomic considerations. Proper engineering designs backed by geotechnical studies are essential,
particularly when the structures have to be erected on vulnerable slopes and founded on the overburden /
weathered and softer rocks.
The qualitative assessment of the rock strength has been carried out for the area around Naini lake and the
disposition of structural discontinuities together with slope, relative relief, land use / land cover and ground
water condition has been taken note of with regard to the stability of the slopes. In Jungle Camp and
Collectorate areas, the slopes are observed to be rocky and steep but partially stable. The characteristics of
the slope material in many areas, particularly to the east of the Naini lake enhance the probability of
overburden slides in these areas.
During the course of fieldwork anthropogenic encroachments were observed in the recharge zone of the
Naini lake in Ayarpatha and Sukhatal areas (Fig. 66). Apart from shrinking forest area and expanding built
up area, anthropogenic intervention in the recharge zones could be a major reason for decrease in the lake
level during the previous some years (Table 14). It may be noted that despite abnormally high precipitation
during the monsoon season of 2010 the lake has been depleted to the level of 3.95 meters as on 15th March,
2011.
Table 15. Level of the Naini lake on 15th March.

Year

2003

2004

2005

2006

2007

2008

2009

2010

2011

Lake
level
(in feet)

9.26

6.45

7.77

6.40

6.85

7.00

6.20

5.52

3.95

It is worth mentioning that the clay and silt layer deposited and consolidated at the bottom of the depressions
and sink holes in the recharge zone of the lake facilitates delayed and slow discharge from these reserves and
ensures steady recharge of the lake during the lean period. Any disturbance of this layer is sure to be
detrimental to their storage capacity and would lead to depletion in the recharge of the Naini lake. Every care
therefore needs to be taken to ensure that the bottom layer remains undisturbed and free of any
anthropogenic intervention.

Fig. 66. View of Sukhatal. Anthropogenic activities right at the bottom of the sink hole have led to the decrease in the water
retention capacity of the sink hole.
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Fig. 67. Pie diagrams depicting the land use / land cover relations of the area around Nainital for 2005 (left) and for 2010
(right).

It is important here to note that the geo-environment around these sink holes is critical for the existence of the
Naini lake and therefore these should be declared as areas restricted for any kind of anthropogenic
intervention.
Fast and unplanned changes in the land use / land cover pattern around the Naini lake (Figs. 67) is a serious
cause of concern as these are sure to cause permanent adverse impact upon the water budget of the lake as
forest and open areas promote groundwater recharge that ultimately feeds the lake.
In view of the vulnerability of the hill slopes of Nainital the Bye Law of 1930 had laid down provisions for
regulating anthropogenic activities in three areas (Sher ka Danda, Ayarpatha and beyond the lake basin
system; Fig. 68) that were earmarked as Prohibited areas. Land use / land cover changes in the previous six
years (January 2005 - December 2010) in these three areas therefore deserve special attention.
The study brings forth the fact that the built up area has significantly increased in all the three areas
earmarked as Prohibited areas by the Bye Law of 1930. In the previous six years the built up area in the
Prohibited areas has increased by almost 50 percent that is well above the average built up area increase rate
of 34 percent. The growth of built up area has been particularly high in Sher ka Danda Prohibited area where
it has increased by more than 56 percent (Table 15).

Fig. 68. Map depicting extent of the regulated areas according to the Bye Law of 1930. 1. Sher ka Danda, 2. Ayarpatha and
3. Beyond the lake basin.
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Table 15. Data depicting changes in the built up area in the three areas classified as Prohibited Areas in the Bye Law of
1930.

Area (in square meters)

Prohibited areas
according to Bye
Law of 1930

QuickBird
(5 January, 2005)

Sher ka Danda (1)

62,203.4

97,359.3

35,155.9

56.5

Ayarpatha (2)

31,797.5

48,853.3

17,055.8

53.6

Beyond the lake
basin (3)

57,155.2

82,266.3

25,111.1

43.9

1,51,156.1

2,28,478.9

77,322.7

51.2

th

Total

WorldView - 2
(24 December, 2010)
th

Change in area
(WV2 - QB)

Percent change

As is expected from the expansion of the built up area, the vegetation cover in all the three Prohibited areas
has dwindled in the previous six years (Table 16). The Prohibited area of Sher ka Danda has witnessed the
maximum loss of vegetal cover (10.5 percent) and it is important to note that this area has witnessed up to 24
percent decrease in the dense forest cover.
Table 16. Data depicting changes in the area under vegetal cover in the three areas classified as Prohibited areas in the
Bye Law of 1930.

Prohibited areas
according to Bye
Law of 1930

Area (in square meters)
QuickBird
(5 January, 2005)
th

WorldView - 2
(24 December, 2010)
th

Change in area
(QB - Wv2)

Percent change

Sher ka Danda (1)

3,13,370.1

2,80,529.9

32,840.1

10.5

Ayarpatha (2)

4,33,379.1

4,27,851.4

5,527.7

1.3

Beyond the lake
basin (3)

6,03,507.0

5,78,664.0

24,842.9

4.0

13,50,256.1

12,87,045.3

63,210.8

4.7

Total

It is to be noted that the Hon'ble Supreme Court in its judgment in Ajay Singh Rawat v/s Union of India in
1995 had directed for regulating construction activities in certain zones in view of high vulnerability of the
hill slopes around Nainital. Increase in the built up area in Prohibited areas is thus not in keeping with the
spirit of the directives of the Hon'ble Court. It is therefore recommended that anthropogenic intervention of
any kind be disallowed in hitherto Prohibited areas.
The condition of the landslides in Golf Course and Harinagar - Balia nala section is observed to be critical
and in both these areas impressions of ongoing sliding are clearly observed. In the Golf Course area a series
of wide open (with opening up to 35 cm) northwest - southeast trending transverse cracks with down throw
as large as 2 meters are observed together with crown cracks. Seepage of water is observed in the landslide
scar at lower elevations and displacement of fines from the sediments due to piping action of water seeping
in from the large depression in Sherwood College - Golf Course area is perceived to be the main cause of
accelerated pace of mass movement in this area.
It may be noted that any anthropogenic activity in the Sherwood College - Raj Bawan - Golf Course
depression would disturb the clay - silt layer at the bottom of the depression and would accelerate the rate of
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Fig. 69. Construction activities in the Golf Course area.

Fig. 70. Dislodgement of trees for transplantation in the
Raj Bhawan - Golf Course area.

seepage. This would be detrimental to the stability of the entire area and more area up slope of the crown
would routinely be engulfed by the slide and the situation would only deteriorate with the passage of time.
It is worth noting that a number of anthropogenic activities, including construction (Fig. 69) as also large scale
destabilisation of the ground for rehabilitation of old trees (Fig. 70), were observed to be taking place in this
critical zone. These activities if not checked immediately are sure to jeopardize the very existence of the Golf
Course immediately and that of Raj Bhawan in a long run.
Similarly the viability of diverting the discharge of the Naini lake through the penstock of Durgapur power
house, thereby bypassing Balia ravine needs to be studied seriously for saving the Harinagar area from a
major disaster.
Some significant old slide zones were observed on the hill slope along the eastern extremity of the Naini lake.
It is important to note that the rocks in this portion of the study area are highly fissile and the hill slope is in a
critical state of equilibrium. Any anthropogenic intervention in this area causing change in the hydrological
regime and leading to enhanced pore water pressure is likely to bring down the hill slope causing a major
devastation. A number of instances of disposal of excavated material in the drains, blockade of drains by
construction and obliteration of drains for site development were observed to be taking place in this area
during the course of field work. It is perceived from observations made in limited duration that similar
activities are common place in Nainital. If the drainage lines are allowed to be blocked and obliterated in
highly unstable areas with high slope gradient we are really busy preparing rich recipe of a disaster.
Evidences of creep are often reflected in the tilting of vertical objects on the slope, as also in the form of stress
upon the structures. Many incidences of creep were recorded during the course of fieldwork in Nainital,
particularly in the slopes to the east of the lake. These are observed to be reflected in the tilting / bending of
trees, bulging of the retaining walls and cracks in the structures. These evidences suggest that the slopes to the
east of the lake are witnessing slow but continuous downslope movement and any anomaly in pore water
pressure can trigger massive and catastrophic downslope movement in the area.
Blockade of drains as also overloading of vulnerable slopes with heavy infrastructure is sure to accelerate the
creep rates and therefore it is highly recommended that all construction activities be regulated and the practice
of irresponsible debris disposal be curbed by strict punitive action. Earmarking sites for safe disposal of the
excavated material would greatly help in ensuring compliance of the administrative orders to this regard.
It may be noted that all the drains along the vulnerable slopes of the township of Nainital were conceived,
planned and constructed for saving the fragile slopes of the city from mass movement. Leave aside
introducing even stringent measures, we in independent India have failed to ensure compliance even of the
existing rules. This is really not a happy situation and massive mass movement could well be experienced in
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the heart of the city, specially during the monsoon season when the conditions are favourable for triggering
such a catastrophe.
Tectonic discontinuities around the Naini lake have given rise to steep cliffs with well developed scarp along
Balia nala, Hanumangarhi, Golf Course, Lands End, IDH Colony and all these areas fall in the zone of
maximum risk. The Naini lake area thus has a constant threat of landslides and unplanned anthropogenic
activities on these vulnerable slopes are sure to accelerate the pace of mass wastage and incidences of
landslides.
After the careful examination of geological-geotechnical and geo-environmental history of the area, the
following remedial measures are suggested:
a)

Dolomitic limestone / limestone terrain in the area is characterised by deep joints, caves and
cavities together with the collapsed rock mass. Suitable treatment is required to be undertaken in
all new constructions for discouraging unwanted groundwater percolation through the excavated
ground and consequent collapse.

b)

Seepage of household waste water and sewage into weathered and sheared zones can adversely
affect slope stability and therefore every effort needs to be made for safe disposal of waste water.

c)

It is highly recommended that all the constructions in the township should maintain a respectable
distance from all natural water courses / seasonal nalas and drains. Vulnerable slopes as also areas
in the proximity of landslide scarps should necessarily be kept free of any kind of anthropogenic
activity.

d)

Observation of the drains indicate high run off rates and groundwater seepage from these is likely
to be very high during the monsoon season. Lining of the water courses is thus recommended due
to generally low strength of the rocks and the slaking potential of the shale, slate and limestone.

e)

Drains along the hill slopes should be kept free of encroachment, blockade and disturbance of any
kind to allow free passage and maximum discharge. These should be provided with desiltation
chambers and silt traps so as to reduce pace of siltation of the lake. There should at the same time be
adequate provision for routine and regular maintenance and cleaning of these waterways. Strict
action needs to be ensured against debris disposal in the drains as also obliteration of these by
construction and other activities.

f)

Creep movement can be prevented to a certain extent by vegetation and artificial means. Suitably
designed dry breast walls should be constructed in identified areas on vulnerable slopes with
debris cover as also in fractured and / or weak zones without affecting the height of the existing
slope. Suitable grass and shrub species should then be planted on the open slope for prevention of
deep weathering and improvement of micro-environment of the area.

g)

In the areas earmarked as being likely to be affected by the incidence of rock fall dislodged,
fragmented and loose rock mass at higher reaches of the hill slope in critical stage of equilibrium
should be mechanically removed.

h)

In order to be effective, all the slope stability related measures must be planned, designed and
executed meticulously under the supervision of trained, qualified and experienced geotechnical /
civil engineer. Ground conditions and details of the specific sites must be taken note of during this
exercise.

i)

Lack of land use and debris disposal policies is perceived to provide everyone around with an
excuse and alibi of excavating and modifying the hill slopes and disposing the excavated material
according to individual convenience. Initiative was taken during the British Raj to curb
construction in certain zones identified as being vulnerable (Prohibited areas). Taking clue from
the same formulation of binding and enforceable land use and debris disposal policies is
recommended.
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j)

The recharge zone of the Naini lake should necessarily be kept free from anthropogenic
intervention of any kind. It is therefore recommended that suitable provision of the proposed land
use policy should declare these as sanctuaries and anthropogenic intervention of any kind in these
be made a punitive offence.

k)

In case of private ownership in the recharge zone of Naini lake the Government should acquire the
same under suitable provision of the Land Acquisition Act, 1894.

l)

Construction and other works undertaken earlier in these areas should necessarily be dismantled
and these areas be kept free of encroachment. It is recommended that these areas be suitably
rehabilitated in consultation with some experienced geotechnical engineer.

m) In view of the instability of the slopes around the Naini lake raising of heavy infrastructure should
be disallowed and light weight material should be promoted by providing incentives to those
opting for the same.
n)

All ongoing construction related activities on the vulnerable slopes, as also in the areas falling in
high hazard zone should be stopped and suitable curative action should be taken in consultation
with some experienced geotechnical engineer.

o)

Carrying out of geotechnical investigations be made mandatory for all major infrastructure
development initiatives in the area around Nainital.

p)

In the pre-independence phase, after the devastating landslide of 1880, based upon the
recommendations of the technical committees constituted to probe into the causes thereof and to
suggest remedial measures, a number of observation pillars were erected and regular record of
slope movement was maintained. Detailed protocols were also laid down for regular monitoring
during the monsoon season and for issuing warning in case of abnormal slope movement.
Unfortunately this practice was completely abandoned due to various reasons after 1995. It is
highly recommended that the practice of monitoring the slope movement be revived and state of
art instrumentation be used for the same. This could provide the masses with timely warning in
case any abnormal movement is noticed along these slopes.

q)

It is recommended that systematic study of the rainfall pattern, piezometric pressure, spring
discharge and ground level changes be carried out so as to know the role of these parameters in
triggering landslides under different geological conditions. This would generate valuable data
from predicting and mitigating landslides in the area.

r)

During the British Raj it was a regular practice to monitor discharge of important springs as also
the lake level and discharge and these data sets were routinely used for calculating the water
budget of the catchment. Even though some of the observations are still taken on old lines these
are required to be strengthened by new monitoring gadgets.

s)

The Nainital area falls in Zone IV of Seismic Zoning Map of India and therefore it is a must that all
the relevant provisions of appropriate building codes be necessarily complied in all constructions
in the town. Blatant disregard to this important aspect has been noticed during the fieldwork and
unless this aspect is taken care of on priority basis, the vulnerability of the area is bound to increase
with time. In view of the high seismic vulnerability of the area it is highly recommended that the
building bye laws be revised and necessary provisions of the BIS Codes be incorporation in these.
Compliance of the same be made compulsory.

t)

There appears to be an emergent need for exploring possibilities of constructing low cost
earthquake resistant houses that could cater to the shelter related needs of the down trodden and
under privileged class of society. This would go a long way in ensuring seismic safety in the area.

u)

Temporal satellite data should be utilised for quickly identifying encroachments as also
unauthorised constructions and changes in the land use / land cover. It is recommended that
satellite surveys for this be carried out at regular intervals.
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v)

Provision of strict punitive action against those engaging in mischief with the geo - environment as
also those defying the techno - legal provisions should be laid down. Strict compliance of these
provisions should be ensured to save the township of Nainital from a major disaster.

w) Suitable legal provisions might have to be promulgated for enforcement of many of the
recommendations as also for bringing forth the desired changes in the techno - legal regime. It is
therefore necessary to keep the elected representatives well informed on this issue so that they
could defend the case in favour of the lake city in the legislature.
x)

It is highly important that the masses be communicated the potential disaster threat looming large
over them in an unambiguous and understandable manner so that they are mentally prepared and
motivated to participate voluntarily in preparedness and mitigation related initiatives of various
agencies. An aggressive awareness campaign is thus recommended in the area with focused and
specific IEC material.
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Nainital: Legacy of the British Raj
Administrative action for averting hill slope instability
was repeated as long as rain continued to
fall.

th

After the devastating landslide of 18 September, 1880 a
Committee was constituted under the Chairmanship of
Lt. Gen. Sir H. Ramsay by Government Order dated 22nd
September, 1880 for careful examination of the hillside
and consideration of remedial measures, in order both to
ascertain the real condition of the hill and to lay down
the protective measures that might be desirable for
ensuring the security of life and property in future.

2.

The Committee found another cause of the
settlement of the hillside in the increase in
the volume of the subterraneous springs.
Formerly having been covered with
vegetation, water was not allowed to
percolate underground; especially in areas
where the slope is high. However the
slopes having been leveled and bereft of
vegetation facilitated easy entry of the
rainwater into the interior of the hill from
where it could only escape following the
underground channels or percolating
through the loose earth and shale. During
heavy rains these underground channels
were exposed to very severe action from
the water flowing through these under
great head of pressure. Where it passed
through rocks with inclined stratification,
the water tended to cause the upper strata
slip along the lower; if through earth and
shale the water scoured out the channel,
undermined the whole superincumbent
mass, and sooner or later caused a landslip.

3.

In some cases the water penetrating into
the hill was unable to escape; it was then
retained and saturated the whole hillside.
The Committee identified this as being the
most dangerous state of affairs, as a little
undercutting or slipping in the
neighbouring ravine might then bring
down in a moment an avalanche of mud
and shingle, such as that lately caused such
widespread sorrow and distress. The
Committee considered the slips of this
nature the most far reaching of any owing
to their fluidity. These were identified as
slips in which water was more or less the
prime mover and it resulted in the descent
of a heterogenous mass of mud and stones
whose power of progression was regulated
partly by the slope over which it moved
and partly by the amount of fluidity of the
materials comprising these.

After examination of the hillside, in its report finalised
on 11th October, 1880 the Committee concluded that
there was no danger of further settlement to the west of
Cheena Lodge or east of Melville Hall. The Committee
however said that within these limits the hillside was
covered with a thick crust of disintegrated shale that
when saturated with water got devoid of all cohesion
o
and very liable to slip where the slope is greater than 35 .
The Committee was unanimous that the southern slope
of Sher ka Danda hill, between the limits mentioned
above, had been seriously shaken and injured by the
th
th
violent rainfall that took place between 16 and 19
September, 1880. The committee was of the opinion
that the reckless manner in which the hillside was cut up
and disturbed to form sites for houses, gardens, roads
and tennis courts has helped in bringing forth slope
instability. The Committee concluded that after the
massive landslide the heavy rain operated to the injury
of the hillside in three different ways:
1.

The drainage of the hill had been
artificially concentrated in certain ravines
that in their natural state were not fit to
receive it. Formerly large proportion of the
surface flow used to escape freely in thin
sheets by direct downward flow over the
whole face of the hill that was for most part
protected by dense cover of grass, shrubs
and trees. The hillside had however been
cut in all directions by roads, sites for
houses, gardens and tennis courts. The rain
water thus collected on these surfaces, and
during the heavy rains this amounted to a
formidable volume. This water was
normally directed to the nearest ravine and
left to find its way down to the lake as best
it can. The beds of these ravines were not
scoured out and deepened, and the rush of
water undercut the banks on either side.
The steep slope of earth and shale along
the banks of these ravines thus lost their
footing and slipped forward, causing
general settlement of their upper surface.
The undercutting went on and the process

The Committee in its report recommended the
following main remedial measures:
1.

All important ravines be revetted at
intervals by strong cross walls curved in
plan, with well guarded flanks (or wing
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walls) built into the rock on either side.
The Committee recommended that these
walls should have considerable batter on
the face; the courses being laid at right
angles to the batter.
2.

3.

4.

All ravines be lined where necessary with
side walls and strongly paved flooring laid
in lime mortar; the channels being made
large enough to carry at least double the
maximum flood volume which has been
known to flow down these up to date.
The cracks and fissures in the hillside be
carefully searched for, dug out as far as
they can be traced, and refilled with well
rammed clay.
The platforms around every house within
the limits specified earlier (or wherever
the civil officer in charge of the station
thinks necessary) be covered with a six
inch layer of well rammed clay, or other
material impervious to water. In case the
house has been destroyed and abandoned,
this be done at the expense of the public,
and not at that of the proprietor.

5.

Further development of gardens and
cultivated terraces be absolutely
prohibited. Those that exist be covered
with clay and turfed immediately, and
existing lawn tennis grounds be permitted
to remain only on the condition that
similar precautions would be taken to
prevent the percolation of water into the
hillside.

6.

Further erection of houses or other
buildings, quarrying of stone, and
excavation of terraces or platforms for any
purpose whatsoever, be absolutely
prohibited in the southern slope of the
Sher ka Danda hill within the limits
specified earlier.

7.

8.

Special care be taken to prevent injury
from household drainage. Every house be
persuaded to have a gutter under the eaves
and a catch water drain round its base. The
water from these be carried in a masonry
channel to the most suitable ravine in
which provision be made for its reception.
House proprietors be compelled to restore
in an efficient manner all retaining walls
that are bulged or cracked; and further, to
build such walls where these do not exist,
and where their absence has caused, or

may hereafter cause, slips in the hill
above. Also, where there is any tendency
to slip, the hill immediately above the
retaining walls be sloped off to an angle of
o
40 . This order should be binding on all
proprietors, whether the houses on their
estates are occupied by tenants or not.
9.

The civil officer in charge of the station be
made responsible for the maintenance in
proper order of all water courses in
ravines and of all road side drains. Special
gangs be employed during the rains to
keep the drains free from obstruction and
to repair the damage immediately.

10. An honest, efficient and trustworthy
subordinate be appointed Inspector of
Buildings and Drains. He be made to work
under the sole orders of, and be
responsible only to, the civil officer in
charge of the station.
11. All the arrangement for drainage of
houses, roads, and property and the
building of all revetment walls, and in
short all operations that affect the safety of
the station, be carried out by orders of the
civil officer in charge, through the agency
of this Inspector. Where these necessary
improvements are executed on private
property, the house or land owner be made
to pay the cost. Private individuals not be
allowed to construct any drains, walls, or
buildings without the written permission
of the civil officer in charge and the
supervision of the Inspector.
12. All steep slopes be turfed and planted.
Cutting of grass and grazing on the
southern slopes of Sher ka Danda and
Cheena be strictly prohibited.
13. The civil officer in charge be provided the
power to carry out the above and other
measures for the safety of the station
without reference to the Municipal
Committee.
14. And, finally, whatever sums are set aside
by Government or the Municipality for
the maintenance and improvement of
drains and roads be kept at the disposal of
the civil officer in charge, to be expended
by him, without reference to the
Municipality, in a regular and systematic
plan, with the advice, when necessary, of
the Superintending Engineer of the
Provincial Circle.
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The Committee believed that the above measures
would be sufficient to save the station from further
damage. The Committee however stressed that these
measures must be carried out promptly, carefully and
completely to ensure their success. The Committee thus
laid special stress on the necessity of commencing the
work at once, so that the more urgently needed portions
might be completed before the onset of rains.
Forbes Committee of 1882 found that most remedial
measures suggested by the Ramsay Committee of 1880
had been carried out and it considered that the portion of
the Sher ka Danda was probably safer than it ever was.
A number of Committees were constituted
subsequently to look into the question of stability of the
hill slopes around Nainital. These include Henslowe
Committee of 1883, Corbett Committee of 1895,
Beresford Committee of 1895, Engineers Committee of
1899, Berthoud Committee of 1907, Dobbs Committee
of 1927 and Coulson Committee of 1937. Some
individuals were also entrusted the task of looking into

some specific issues related to Nainital. These include
Mathews (1888), Oldham (1889), Henslowe (1889),
Holme (1890), Middlemiss (1890), Oldham (1895),
Griesbach (1895), Holland (1897), Middlemiss (1898),
Edgar (1925), and Coulson (1928). They have prepared
reports on the stability of the hill slopes and safety of
various structures in Nainital.
Coulson Committee of 1937 amongst its
recommendations suggested banning construction of
any kind on Sher ka Danda hill and asserted the need of
constituting committees having at least one geologist
as member at regular intervals of five years so as to
ascertain the efficacy of the remedial measures adopted
for the safety of the hill slopes.
The practice of constituting Hillside Safety
Committees was continued even after independence
and the records suggest that the last meeting of the
Committee was held under the Chairmanship of
Commissioner, Kumaun in June 1994.

Hill slope monitoring for ensuring safety
Presence of a number of ground fissures was brought
forth by the studies carried out in the area around
Nainital on the aftermath of Sher ka Danda landslide of
1880. These were reported to traversed through the old
Government House and differential movement across
these as reflected on the structures was perceived as
being a cause of grave concern.
A Committee was thus constituted under Government
nd
order number 2609 of 22 April, 1895 to consider the
safety of the old Government House. The Committee
after careful examination of the area incorporated the
following amongst its recommendations:
1.

In order to test by accurate observations
from outside points whether there is any
movement in the Government House hill,
stations be selected on the Cheena slope at
convenient points, such as Fairlight Hall
(Tonnochy), Jemsond Villa and the Upper
Mall from which a point in Government
House hill, and one or more points on the
adjacent hills in the same vertical line be
painted on an outhouse near the Club;
another on an outhouse west of Edgehill,
and a third on the main building of Oak
Openings which would all be in the same
vertical plane as the theodolite station at
Jesmond Villa. At least two stations of this
nature be selected. The theodolite station
be chosen and prepared at once. The exact

position of the instrument be fixed by a
mark cut on a block of Nalena stone built
into a masonry base.
2.

Pillars of masonry be built on selected
points on each side of the crack along the
Government House ridge for observing
any movement which might take place
along the crack during and after the rains.

Later reporting on the Kailakhan landslip of 17th
August, 1898 Middlemiss (1898) recommended that
the hillside be watched with theodolite in the same
manner as the Sher ka Danda was being watched. This
led to the provision of monitoring the Kailakhan hill
from Bleak House Observatory.
The Committee of 1907 further recommended that
special measures be adopted for the better observation
of the settlement on the eastern bank of Edgehill ravine.
For this the Committee suggested the following
measures:
1.

That the existing pillars be supplemented
so as to form three lines crossing the
Edgehill depression and extending well
beyond its influence on either side. The
levels of these pillars be carefully read
every year after the rains with reference to
a fixed bench mark on the north side of the
hill at St. Loo Gorge. These levels be
taken by the District Engineer himself
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and the results embodied in his annual
report.
2.

All the tell-tales put up for crack
measurements on various walls be
invariably dated.

Proper observation of Charta Hill started in 1912 when
six pillars were erected and horizontal and vertical
readings of these taken. In 1915 the maximum total
sinkage of this hill was over 18 feet (5.5 meters) and the
stability of the hill seemed so doubtful that by the orders
of the Chief Engineer probable dangerous area at the toe
of the hill was demarcated and the inhabitants thereof
were evacuated during the rainy season. Four additional
pillars on the centre line of the probable slip were
erected and a special observation hut was constructed
and connected with the telephone service (Hillside
Report, 1916).
After the slip of 1924 cracks appeared in the lower
Charta Hill as well. 11 new pillars were thus erected in
1926 and reference mark was changed, as the house to
which the original reference mark was affixed had been
affected. The new reference mark was painted on a
block of rock on Beluakhan hill.
Committee appointed under Government order number
th
163-C dated 6 September, 1927 recommended
erection of following additional pillars:
3 pillars on Kalmukhet spur
2 pillars on old Reserve Police Lines spur
1 pillar on Gangipur spur

observation consisted of:
(a) theodolite observations of the pillars
erected in the affected area during a
specified part of the year;
(b) measurements of permanent and
prominent cracks in the hillsides in the
affected area; and
(c) measurements of subsidence by leveling
from fixed bench marks.
Hill side observation work is significant as it highlights
the attempts to observe the slope movement in the
affected area of the hill by a suitable method so as to:
(a) detect any dangerously excessive
movement of the hillside;
(b) issue warning to the inhabitants of the area
likely to be affected thereby; and
(c) monitor and comment upon the efficacy
and adequacy of the measures adopted for
improving the stability of the hillside.
Protocols were also laid down for issuing warnings and
it was spelt out clearly in the instructions that a
movement of 1 inch per hour or a total movement of 24
inches (61 centimeters) or more shall be taken as
dangerous and a special report shall be sent at once to
the Assistant Engineer, who shall at once inform the
Executive Engineer. It was further laid down that alarm
shall be given by continuous ringing of bell at the
observatory if:
1.

any of the pillars showed a movement at
the rate of 2 inches (5 centimeters) or
more per hour, and / or

2.

any portion of the hillside (appearing
more than 100 feet or 30.5 meters in
length) was observed to be going down,
and / or

3.

any sliding of the hillside was noticed
towards the road.

4 pillars on Manora spur
2 pillars on Charta Hill Observatory spur
1 pillar on Bellavue spur
1 pillar on Galloway house spur
1 pillar on Glenlee spur
1 mark on the central gable of Endcliffe was
also made.
A number permanent observation pillars thus came into
being on all the vulnerable slopes of Nainital so as to
regularly monitor their stability. Regular monitoring of
ground surface was intended to evolve a warning
system whereby any abnormal and fast ground
movement could be taken as the precursor to a major
landslip.
Protocols were formalised for regular observations and
the same were issued through Government Orders.
According to the Standing Order No. 6 the method of

Detailed orders incorporating the Standard Operating
Procedures (SOPs) as to the site selection of the
observatory and observation pillars, equipments to be
installed at the observatory, at observation pillar, at the
sites of subsidence and cracks were also issued. These
at the same time assigned responsibility of taking
observation to the designated official and also
elaborated the method of taking observation and also
the format of the various registers to be maintained for
recording entries of these observations. The order also
incorporated protocols for issuing warning.

Disaster Mitigation and Management Centre, Department of Disaster Management, Government of Uttarakhand

73
Table 17. Movement in inches of pillars on different spurs and localities in Nainital over ten year periods; 1917 - 26
and 1927 - 36.

Total maximum movement (in inches)
1927 - 36

1917 - 26

Locality

Horizontal

Vertical

Horizontal

Vertical

Main fissure, Sher ka Danda: Lala Durga
Sah's tennis court

2.17

2.64

3.09

0.72

Main fissure, Sher ka Danda: St. Cloud

3.25

1.68

1.06

1.44

Main fissure, Sher ka Danda: Snow View

4.34

4.80

1.96

1.76

Main fissure, Sher ka Danda: Old
Government House

0.62

1.08

0.86

1.20

Edgehill spur

13.82

Not recorded

7.05

Not recorded

Ravenswood spur

23.46

Not recorded

6.74

Not recorded

5.06

Not recorded

0.65

Not recorded

13.82

Not recorded

8.05

Not recorded

Blythe Cottage spur
Alma spur

Record of these observations could be traced up to
1997. Summary of observations between 1917 and
1936 is given in Table 17.

existing state of drainage. The Committee also stressed
upon the need of afforesting the denuded areas of the
Sher ka Danda hill slope.

On the basis of the above observations Coulson
Committee of 1937 showed possibility of old main
fissure of Sher ka Danda being healed gradually under
the influence of the curative measures adopted in the
past, all mainly directed at preventing seepage of
excess water along the main fissure and the cleavage
and stratification planes of the shales and slates
constituting the hill.

Observation of the hill slope was continued till 1997
and records of the same are available with some breaks.
It was brought forth that the officials responsible for
taking routine observations and keeping the records of
the slope movement could not obtain the necessary
permission from Forest Department to lop the trees that
obstructed these observations.

Despite the movement being small the Committee
admitted that the movement has not seized totally along
the old fissure. The report at the same time pointed to
the worsening state of affairs in Sher ka Danda hill to
the southeast of the St. Loo Gorge and raised concern
over the appearance of fresh ground fissures in that
region. The Committee warned of major landslip if
adequate measures were not taken to rectify the

Rather than pursuing the matter with higher authorities
and attempting to change the location of the
observation points or the observatories, easy recourse
was taken to abandon this practice all together.
This practice should however be revived and new
surveying tools be employed for the same as the level of
risk in Nainital has increased by many times since the
landslip of 1880.

Drainage improvement for hill slope stability
Absence of surface drainage in the area around Nainital
is highlighted in most reports prepared on the aftermath
of the massive landslip of 1880. These reports cite lack
of natural surface drainage as the major cause of
excessive pore water pressure build up that resulted in
the downslope mass movement.
The catastrophe of 1880 thus asserted the importance of
having a drainage system in the town for safe disposal
of the excess precipitation. In the first stage six main

ravines were lined with masonry and revetted. In the
course of time a number of other drains were planned
and put in place on both eastern and western slopes of
the lake to drain rainwater into the lake. All these drains
had provision of silt traps and desiltation chambers and
adequate arrangement was ensured for their regular
maintenance and upkeep.
The drainage system of Nainital aimed at speedy and
effective drainage of the hillsides and was designed
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with great care. As the stability of the hillslopes was
believed to depend upon the efficiency of the drainage
system it was felt highly important that its efficiency be
maintained at the highest point by proper and regular
maintenance. In this connection it was considered
necessary to ensure upkeep of the Municipal and
Provincial roads and road side drains in the settlement
as the former contributed appreciable share to the
drainage and the latter carried, in addition to the
drainage from the roads, a portion of the hillside
drainage as well. So the bearing of roads on the stability
of the hill slopes was clearly understood.

drains of Cheena, Sukhatal and Ayarpatha
hills not discharging directly into the lake.
As per the Report of 1932 total length of
drainage network in this system was
10,085 feet (3,074 meters) with the drains
measuring up to 15 feet (4.6 meters) wide
and 9 feet (2.7 meters) deep.
3.

Ayarpatha system: This system included
the whole of the Ayarpatha hill above the
South Mall and the Lower Kaladhungi
Road up to the ridge bounded on the west
by Prospect Road and on the south and
east by Donaldabad Road, Ramsay Road,
Fairy Hall drain up to the cart road and
cart road up to the lake. This thus
comprised of drains of Ayarpatha that
discharged into the lake. As per the Report
of 1932 total length of the drainage
network in this system was 9,099 feet
(2,773 meters) with the drains being up to
3 feet (1 meter) wide and 2 feet (0.6
meters) deep.

4.

System beyond the lake basin: It
included the whole area to the south and
east of the land formed by Donaldabad
Road up to the junction with the Ramsay
Road, Ramsay Road up to the
commencement of Fairy Hall drain, Fairy
Hall drain to the crossing of the cart road,
cart road up to Tallital Post Office, thence
the western, southern and eastern
boundaries being the Manora spur, the
Bareilly - Ranikhet cart road and the
Kaladhungi spur. The area of the
Cantonment was also included in this
system. Besides Balia ravine and its
branches this system comprised the Fairy,
Bulls Head drain, Police Line drain and all
their branches that discharged into the
ravine and beyond lake basin. As per the
Report of 1932 total length of the drainage
network in this system was 19,390 feet
(5,910 meters) with the drains measuring
up to 3 feet (1 meter) wide and 3 feet (1
meter) deep.

Besides the drainage works including adits, it was
perceived necessary to pay adequate attention towards
the upkeep of the protective works that included walls,
barriers, terraces and others constructed to aid directly
in stabilising portions of the hill slope; as also such
works observations of which determine the movements
in specified portions of hill side.
For the purpose of record keeping as also for efficient
monitoring, the drainage system of Nainital was
divided into compartments or systems and detailed
inventory of each compartment was maintained.
1.

Sher ka Danda system: This system
included whole of Sher ka Danda hill from
the North Bridle Road and the Upper
Kaladhungi Road to the ridge lying
between drain number 23 on the west and
Cantonment on the east excluding the
branches of drain number 23 and
tributaries of Bara nala. This system thus
comprised of all the drains of Sher ka
Danda from lake bridge to Upper Bazar.
As per the Report of 1932 this system had
35 main drains with the network
measuring 64,252 feet (7,392 meters) in
length. These drains were up to 7 feet (2.1
meters) wide and 4 feet (1.2 meters) deep.

2.

Bara nala system: This system included
whole of the area from the lake westwards,
lying between Lower Kaladhungi Road
and the Cheena ridge up to drain number
23, the eastern boundary being formed by
drain number 23 up to where it crossed the
Upper Kaladhungi Road, from where the
boundary followed the latter road to the
lake. This system thus comprised of the

Detailed guidelines were laid down for regular
inspection of the roads and drains and for ensuring their
regular upkeep and these were issued through
Government Orders. The compliance of the same was
routinely included in the annual reports.
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Water budget of the Nainital catchment
The sluices at the Tallital end of the lake were first
installed upon the recommendations of the Committee
of Engineers appointed by Government Order number
C1741-BR dated 7th August, 1888 so as to devise
measures for the protection of Balia ravine.
The recommendations of the Committee state that the
regulating bridge at the end of the lake be remodeled
and provided with a new 4 feet (1.2 meters) high crest
wall on the upstream side with outlets and sluices. The
outlets were recommended to be six in number; each
being 2.5 feet (0.8 meters) wide horizontally and 1 feet 3
inches (0.4 meters) high, and provided with screw
valves supplied from the Roorkee shops, designed like
the ones used in iron lock gates on the Ganges Canal.
Each opening was to have an area of 3.12 square feet
(0.3 square meters). With a head or depth of one foot of
water over the centre of the opening the discharge was
calculated to be 15 cubic feet per second (25,500 liters
per minute) through one outlet or 90 cubic feet per
second (1,53,000 liters per minute) through the total
number; while with a head or depth of 4 feet or 1.2
meters (the velocity of exit varying as the square root of
the head) the discharge was to be double this amount or
180 cubic feet per second (3,06,000 liters per minute).
In case of large volume of water entering the lake after
water had attained a depth of 4 feet (1.2 meters) over the
centre of sluices the excess was intended to flow over
the top of crest wall. In this way the lake was intended to
rise and fall in a self regulating fashion. With the fall of
the lake level at the end of the rains the valves were to be
closed.

be measured daily at 8 AM and at any
intermediate time if it appears that the rain
gauge is likely to overflow. The lake
gauge shall be read daily at 8 AM and 6
PM and every time the sluice are opened
or closed.
3.

Order for regulation of sluices: After
reading and recording the rainfall and
lake gauge the storekeeper shall send the
register immediately to the Assistant
Engineer for orders as to the regulation of
the lake sluices. The Assistant Engineer
shall thereupon record his orders in the
register, which shall then be carried out at
once. In the absence of the Assistant
Engineer the register shall be sent to the
Divisional Engineer or, if he should also
be out of the station, to the subordinate in
charge of station works.

4.

Preliminary warning: As soon as the
lake first reaches 1.50 feet (0.5 meters) on
the gauge, the subordinate in charge of the
Balia bridge at the Brewery shall be
warned, and also the dhobis who wash
clothes in the Balia ravine. Two hours
after issuing this warning, or sooner if
absolutely necessary, the sluices may be
opened. This one warning shall suffice for
the whole rainy season.

5.

Level of water in the lake: The lake shall
be kept down to 1.5 feet (0.5 meters)
th
throughout the rains up to 15 September.
th
After 15 September the gauge shall be
allowed to be rise to 2.0 feet (0.6 meters),
after 1st October to 2.5 feet (0.8 meters)
th
and after 15 October to 3.0 feet (0.9
meters), unless the season is abnormal, in
which case the Assistant Engineer must
use his discretion. There should be 3.0
feet (0.9 meters) of water on the gauge
when the lake begins to fall on its own
accord, which is generally not later than
st
1 November.

6.

Opening of sluices: All five sluices shall
be opened at once and to the same extent.
So long as the gauge is below 2.0 feet (0.6
meters) the sluices shall not be opened
more than 6 inches (0.2 meters), and so
long as the gauge is below 2.5 feet (0.8
meters) the sluices shall not, as a rule, be
opened more than 12 inches (0.3 meters);
but in the event of abnormally heavy or

Rules for the regulation of the overflow from the Naini
lake were issued under the signature of Mr. A.C.
Polwheele, the then Executive Engineer, in April, 1899
and salient features of the same are summarised below.
1.

2.

Responsible official: The orders
regarding the opening and closing of the
sluices controlling the overflow from the
Naini lake shall be issued by the Assistant
Engineer in charge of the hill side works
and in his absence by the Divisional
Engineer and in the absence of both by the
officer in charge subordinate to these, and
shall be recorded daily during the rainy
season in the register provided for this
purpose. The register of rainfall and the
reading of the lake gauge shall be recorded
by the storekeeper and he shall be
responsible for the opening and closing of
the sluices in accordance with the orders
issued to this regard.
Time of observations: The rainfall shall
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continuous rainfall the Assistant Engineer
must use his discretion in this matter.
7.

readings of the same.
2.

Observations should be taken all the year
round and complete records be published
in the annual reports on hill slopes. The
Committee considered the lake gauge to
be not very satisfactory as it was not high
enough. It was therefore recommended to
install a clockwork gauge recorder just
above the new sluices to record the lake
level on weekly charts. It was also
recommended that the graphs be drawn
showing the rate of discharge through the
sluices for each half inch (12.7 mm) rise
in the lake level.

3.

The standing orders for lake regulation be
amended and a gazetted officer of the
standing of an Assistant Engineer
working under the orders of Executive
Engineer be made in charge of the lake
records. The Municipal Board be
consulted in the matter of lake regulation
and its recommendations be attended to if
compatible with safety, and the water
level of the lake be kept as high as
possible at the end of September and
beginning of October even at the risk of
flooding a few inches of certain parts of
the roads and the Naini Devi temple
platform.

4.

The area of catchment and of the surface
of the lake should be verified, and the
figures so arrived be used in future
calculations. The annual calculation of
percentage run off should take into
account (i) town supply from springs in
the lake catchment, (ii) unfiltered water
supply to Government House, (iii)
unmeasured quantities of water from the
lake overflowing the roadway near the
Tallital Post Office, and (iv) loss by
evaporation from the surface of the lake.
The annual run off should be invariably
recorded as the correct percentage
hillside run off after allowing for 100
percent run off from the lake surface, and
in a normal year the deduction of a
quantity of water due to a depth of 3 feet 4
inches (1 meter) over the lake surface
should be taken as the quantity
evaporated. With accurate daily records
of the lake level and monthly record of the
discharge of all the springs discharging
outside and inside the lake catchment the
total quantity absorbed in the lake could
be arrived at, and so for these records

Sluices to be kept locked: The sluices
shall always be kept locked, and the
storekeeper shall keep the keys, but the
Divisional Engineer shall be furnished
with duplicate keys in case of emergency.

The Hillsides Committee of 1907 gave instructions
regarding regulation of the flow of water from the lake.
The Committee opined that the cause of all the mischief
on the Kailakhan hill could be sought in the overflow of
water from the Naini lake rushing down the Balia ravine
and cutting away the toe of the slope.
To check this, the Committee recommended that the
outflow from the lake be carefully regulated so as to
discharge the water gradually and prevent a sudden rush
down the ravine. The Committee added that the gauge
reading at the lake bridge together with the daily rainfall
be reported to the Assistant Engineer every morning
during the rains, and he, or in his absence the Executive
Engineer, should issue daily orders on the opening and
closing of the sluices. There are five sluices, with
opening 30 inches (0.8 meters) wide and 15 inches (0.4
inches) high, worked by screw regulators. The crest of
the overflow is 3 feet 9 inches (1.1 meters) above the
floor of the sluices, but the water could be held up to a
total height of 5 feet (1.5 meters) above the floor by
means of boards let down in grooves on top of the
overflow.
As far as possible the water should never be allowed to
flow over the crest, and during the rains the level of the
lake should be kept a couple of feet below the crest to
allow for a sudden rise during heavy rainfall.
Towards the end of the rainy season the level of the lake
might be gradually allowed to rise to within a foot of the
crest, and finally the sluices could be closed to ensure a
sufficient depth during the following hot weather.
Should the water rise above the level of the crest of the
overflow the boards might be let down.
The Hillsides Committee of 1927 further made the
following recommendations with regard to calculation
of water budget of the lake:
1.

The mean of the rainfall readings at new
Government House, old Government
House and the Secretariat be taken as the
official Nainital average rainfall, and that
the rain gauge be of the float pattern which
is capable of holding a total rainfall of 15
to 20 inches (254 to 508 mm). If keeping
of records at three stations is likely to
introduce errors, then the gauge be
maintained at the Secretariat alone and
future calculations be based upon the
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discharge of springs be measured daily.
Accurate records of rainfall, overflow
discharge, evaporation, discharge of
springs be compiled in order that each year
a proper analysis of the figure that would
represent the annual percentage run off
from the hillsides might be arrived at.
5.

6.

Sukhatal be included in the Nainital
catchment area for computation of
percentage run off.
An automatic recording gauge be fixed
and a weir built in the Balia ravine at chain
12, which would do away with the
personal element in recording the daily

gauge and inaccuracies in computing
discharge through the sluices.
Guidelines were thus laid down for measuring and
keeping details of the rainfall together with lake and
spring discharge as also the lake level. These were
issued through Government Orders and had prescribed
formats in which the individual registers were to be
maintained. The compliance of the same was to be
included in the annual reports.
It may be noted that the lake level is still regulated in
accordance with the above orders and the relevant
records are maintained in accordance with the formats
so prescribed. The practice of measuring the discharge
of the springs has however been discontinued.

Bye Laws for hill side safety and safe construction
In accordance with the provisions of Section 296 of the
United Provinces Municipalities Act, 1916 Bye Laws
were notified for ensuring safety of the hillside of the
Municipality of Nainital on 26th September, 1930. The
Bye Laws divided the Municipality of Nainital into two
areas that were identified as Prohibited area and
Exempted area. Earmarked areas in Sher ka Danda,
Ayarpatha and that falling outside the catchment of the
lake were identified as being Prohibited area while the
rest of the area of the Municipality was identified as
being Exempted area.
It was laid down by the Bye Laws that the Municipal
Board shall not act on the decision of its Public Work
Committee in the matter of an application for
construction within the Prohibited area where the
Executive Engineer notifies that he proposes to refer the
application to the Superintendent Engineer of his Circle
on grounds of hillside safety. If necessary the Executive
Engineer could also refer the matters relating to
excavation, planting and cutting of trees and removal of
soil to the Superintendent Engineer. The decision of the
Superintendent Engineer on any such matter on
technical grounds of the hillside safety was laid down to
be final and binding on the Board and the applicant.

1.

The Bye Laws provided that where a
building or a part of a building has been
used or has been sanctioned for a nonresidential purpose, alteration or use of
such a building as a place for human
habitation shall amount to a material
alteration for which sanction of the Board
as required by section 178 of the
Municipalities Act, 1961, is necessary
before such alteration or use.

2.

Every notice of intention to erect, to reerect, or make a material alteration in a
building shall be accompanied by plans,
in prescribed copies. Each such notice
shall also be accompanied by a key plan
showing the precise situation of the
building.

3.

In case the structure intended to be
erected, re-erected or alternated
materially abuts on a road maintained by
the Public Works Department, Military,
Canal or other Government property, one
copy of notice with a plan and key plan
shall be forwarded by the Board to officer
in charge of the concerned Government
agency before granting the permission.
The concerned agency shall report to the
Board whether or not it has any objection
to the proposed construction within two
weeks from the date of receipt of the
notice.

4.

The key plans shall be drawn to a scale
from 50 to 100 feet to the inch (1:600 to
1:1,200) and the building plan to a scale of
not less than 8 feet to the inch (1:96). The
scale used shall be marked on the plans,

The Bye Laws also prohibited construction of any new
building as also any material alteration to the existing
buildings between the water's edge of the lake at
Nainital and the public through fare all through the lake
and in the area known as the Flats.
Building Bye Laws for the Municipality of Nainital
were promulgated by notification number 2039/XXIII21 dated 7th January, 1921 and under Section 298 List I
of the United Provinces Municipalities Act, 1916.
These were later revised by notification number
th
122/XXIII-1 dated 10 October, 1944. Main provisions
of the Bye Laws are as listed in the subsequent sections.
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and the position of the north point relative
to the site plan of the house shall also be
clearly indicated. All plans must be signed
by the applicant. These must show all
details necessary to enable the Board to
judge as to the suitability to the proposed
building. In particular, the following must
be clearly shown on the plans.
(a)

Site plan must show neatly and
carefully drawn to scale:
(i) the building or buildings that is
proposed to be constructed or
altered as the case may be;
(ii) distance from each building,
which it is proposed to be
constructed or altered to the
nearest existing building;
(iii) boundaries of the estate on
which the proposed building is
situated or is to be situated;

means of suitable drain made of
masonry or of earthenware and
glazed pipes, properly joined to
a suitable outfall wherever the
dampness of the site renders
such precautions necessary;
(ix) cross and long sections of the
site in relation to the adjoining
roads, houses with lines of hill
slope to indicate the amount of
cutting and filling of the hill
side and also the manner in
which protective works are to
be made. The section of the hill
should indicate the hill slope to
50 feet (15.2 meters) above and
50 feet (15.2 meters) below the
actual site on which building
operation are proposed.
(x) the cross section showing the
line of hill slope should be
drawn to a scale not smaller
than 20 feet to an inch (1:240)
and should indicate that the
average gradient is continuous
at least over a length of 200 feet
(61 meters) measured along the
hill slope.

(iv) the position of electric wires and
poles and their distances from
the proposed building; the poles
being indicated by small circles
and the wires by a single line
and the distances being
measured from a point directly
under the nearest wire to the
nearest part of the proposed
structure. However if the poles
and nearest wire are more than
fifty feet away from the
proposed building it shall not be
necessary to depict these on the
plan;

(b) The Bye Laws provided the plans to
depict the following:

(v) the names of all buildings and
estate adjacent to the property in
question with the name of the
owners thereof;

(iii) the elevation of the building on
the main frontage line;

(vi) the manner in which roof and
house drainage and surface
drainage of the land is to be
disposed of; and in every clear
manner the alignment of the
drains;
(vii) the position of and full details
regarding all drains, latrines and
other sanitary conveniences
should be clearly given;
(viii) surface drainage of the
building site effectively by

(i)

the ground floor and the
position of the building relative
to adjoining streets, properties
and unoccupied spaces;

(ii) the first or upper floor and each
additional floor;

(iv) at least one cross section of the
building including (in the case
of bazar areas) the streets on
which it abuts, showing the
correct levels of courtyards and
open spaces, drains, streets,
lowest floor and plinth of the
building;
(v) the size of windows, doors and
ventilation openings for each
room on every storey;
(vi)

the materials to be used for
external walls, party walls,
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foundations, roofs, ceilings,
floors and bathrooms;
(vii) the means of access to served
privies;
(viii) the purpose for which it is
intended to use the building;
(ix) whether the house is to be pucca
or kuchha - pucca, and the
material of which the outer
covering of the roof will be
made; and
(x) in case of the bazar houses, the
front lines and the number of
the adjoining houses.
5.

All new work were required to be
indicated on the plans in red and existing
ones in black and the sanction was to be
given for a period of one year.

6.

All flats, shops, offices and residential
houses of a modern type, erected or reerected, must be provided with a
receptacle for letters in or at the door or
gate post.

7.

A space of at least 10 feet (3.1 meters) in
width along the entire frontage of the
building from the edge of the road must be
left open if it subtends any Municipal or
Public Works Department road, except in
the bazars other than those facing the Mall
and the motor roads.

8.

9.

No mosque, temple, church or other
sacred building shall be erected unless the
frontage is at least 15 feet (4.6 meters)
from the edge of the road on which it
abuts.
The outer covering of all roofs must be
made of tiles, iron sheets or other
approved materials.

10. If a proposed building, either during or
after the construction thereof, renders an
aerial electric line accessible from the
building or from scaffolding erected for
the construction thereof, the building shall
not be allowed, until in accordance with
the rules made under the Indian Electricity
Act the aerial electric line has been altered
or in the case of a temporary addition or
alteration securely guarded.

11. Every person who erects or re-erects a
building which is within 100 feet (30.5
meters) of the sewer shall, if so ordered,
link the privies in such building with the
sewer.
12. Every person who erects or re-erects
building the whole or any part of which is
intended or used for human habitation
shall, if so required, construct one or more
privy in connection with or as part of such
building.
13. All persons who erect or re-erect buildings
must conform to the standard types of
privies prescribed, by the Board for (a)
privies connected with the sewer, (b)
servants' latrines for bungalows in Civil
Lines and ahatas in the city, (c) privies on
ground floors and (d) privies on first and
higher floors.
14. Sanction will not be given unless these
plans and all the conditions imposed in
respect thereof are adhered to; when any
deviation from these plans or conditions is
proposed, the Health Officer will be
consulted by the Public Works Committee
before a decision is given.
15. The Public Works Committee shall fix in
each case the precise position of the privy
or privies inside the house or compound.
16. All privies connected with the sewer must
be properly trapped and the plumbing and
pipe work must conform to the
specifications prescribed by the drainage
bye laws.
17. All privies connected with the sewer must
be separated from any room used or
intended to be used for human habitation
by a wall.
18. Every privy water closet and urinal shall
have a window opening directly upon the
external or as far as possible and shall be
of at least four square feet (0.4 square
meter) superficial area. In this Bye Law
“window” means an opening protected by
wire netting, or by iron bars not closer
than 1 inch (2.5 cm) to each other.
19. The platform of every privy shall be of
nonabsorbent material such as glazed
earthenware or smooth Portland cement
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not less than half an inch thick, so that no
urine can penetrate. The whole privy shall,
as regards both internal and external walls,
be constructed of pucca masonry in lime
or tarred iron sheets.

24. Civil Station: All outhouses shall be
provided with eaves, gutter and down
pipes, to drain all storm water to a
masonry cement line drain joining the
Public Works Department nala.

20. The floor of a privy must be made of one or
other of the following materials of not less
than half inch in thickness: glazed tiles,
stone or cement. The floor must be not less
than 12 inches (30.5 centimeters) above
the level of the surface of the ground
adjoining the privy and must be sloped on
all sides of the drain.

25. For the bazar area the Bye Laws provided
that:

21. All privies connected with the sewer must
be properly trapped and the plumbing and
the pipe work must conform to the
specifications prescribed by the Detailed
Specifications Part II Sanitary PWD
Buildings and Roads Branch (United
Provinces).
22. Civil Area: In every plan of the outhouses
the distance of the servants' latrine must be
mentioned clearly. The distances of the
servants' latrine should not be more than
100 feet (30.5 meters) from the outhouses
and shall be easily accessible by a proper
path way.
23. The house drains through which waste or
sullage water is likely to pass must be
made of half round or whole earthenware
glazed pipes not less than six inches (15.2
cm) in diameter, properly laid up on a bed
of concrete not less than four inches (10.2
cm) thick where a house is connected with
the sewer. In other cases the drain must be
pucca masonry cement lined drain, and all
joints must be rendered tight with cement.
These latter drains must be connected with
a municipal sewer or a drain fixed for this
purpose by the Board or with a catch pipe.
The house sullage or surface drains are to
be kept uncovered everywhere as far as
possible for convenient scavenging and
inspection. The covering of the drains
should be restricted to the lower possible
limit. Right angled junctions either
vertical or horizontal should be avoided.
These will be oblique and towards
direction of flow. When connecting the
house sullage with an underground sewer
a manhole and gully trap should be
provided.

(a) All down and gutter pipes carrying
sullage shall not be less than six
inches (15.2 cm) diameter, coaltarred inside and outside and shall be
of metal sheeting of 22 inch (0.56
meters) gauge thickness. These shall
be straight and at every bend there
shall be a funnel shaped receptacle at
the top of the lower pipe with a
diameter of not less than three times
of the diameter of the pipe. All joints
shall be properly jointed and the pipe
shall be securely fixed to the wall.
The down pipe shall end within six
inches of the bed of the surface drain.
Every kitchen, bathroom, lavatory
and others shall have a round outlet
of the same diameter as the pipe and
with a grating of a mesh not greater
than 0.25 inches (0.6 cm) in width.
(b) All sullage surface drains shall be of
a pucca masonry, cement lined half
round or U or V shaped or glazed
earthenware laid on a bed of cement
concrete. These drains shall not be
less than nine inches (22.9 cm) in
diameter properly jointed. The
gradient shall not be less than 1 in 12.
At every bend, turn or junction there
shall be a proper curve and wider
diameter.
(c) Where such drain passes under a wall
or building, it shall be straight with
an opening not less than nine inches
(22.9 cm) diameter. Where a drain
running along a passage is covered, it
shall be covered with removable
slabs of cement concrete to permit
cleaning and flushing easily.
(d) All these drains shall join the public
sewer through a gully trap and
manhole made to the satisfaction of
the Chairman, Public Works
Department and Medical Officer of
Health.
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26. For the Civil Station the Bye Laws
provided that:

area of not less than 12 square feet (1.1
square meters).

(a) All bathrooms, lavatories, kitchens
and others shall have a smooth floor
with a gradient of not less than 1 inch
in 10 feet (2.5 cm in 3 meters) with a
round outlet not less than six inches
(15.2 cm) diameter with a grating of
quarter inch (0.6 cm) mesh. Surface
drains shall be half round or U or V
shaped, of glazed earthenware or
cement lined masonry with a proper
gradient leading to a bucket placed in
a catch pit or to grease and grit
interceptor or a filter catch pit made
to the satisfaction of the chairman,
Public Works Department and
Medical Officer of Health.

32. When a house is used for dwelling
purposes not more than two third of the
total area of the site shall be built over. In
the case of properties where there are
shops below and houses above this Bye
Law shall not apply to the storey occupied
by the shops, but shall apply to all other
storeys.
33. For the bazar area the Bye Law provided
that:
(a) Any space between two blocks of
building or any other open space or
chauk or lane shall not be allowed to
be built upon. Any gap or open space
in the upper floors or flats between
two buildings along a street shall not
be raised to the level for the adjoining
buildings.

(b) Where a public sewer is within 100
feet (30.5 meters) of an estate these
drains shall be connected through a
GT and manhole.
27. The house shall be provided with iron
gutters and down spouts to take all the
rain water which falls on its roofs, chajjas
or other projections. The gutters and
down spouts shall be securely fixed and
the latter shall discharge into the surface
drains by an elbow piece, the orifice being
not more than 1 foot (0.3 meters) above
the level of the bed of the drain.
28. No sandas or drop latrine shall be allowed
in any building. No room other than a
bathroom or privy shall be placed over or
below a served privy.
29. No latrine shall be allowed to open on any
public street, unless it is screened by a
second door at least 5 feet (1.5 meters) in
height or a wall at least 8 feet (2.4 meters)
high between the latrine door and the
second door of screen wall.
30. Every urinal, served privy be placed in
such a position as to admit of all filth
being removed there from and from the
premises in which such privy may be
situated without being carried through
any room in which any person may reside
or may be employed.
31. Every room intended for or used for
human habitation must have at least two
ventilating openings of a total superficial

(b) No chauk or open spaces or
courtyards or lane in a building shall
be allowed to be covered over.
(c) No closed or glazed balconies or
verandah shall be allowed at the front
or back of a building where there are
more than two rooms in depth so as
interfere with thorough ventilation.
34.

For the Civil Station the Bye Laws
provided that:
(a) No room in the outhouse shall be less
than 100 square feet (9.3 square
meters) in area considering the fact
that a family resides in one room
which serves all purposes.
(b) Each room shall have a window of an
area not less than one tenth of the
floor area and shall be preferable
facing the entrance to facilitate
through ventilation and the windows
shall be provided with a weather
o
shade at an angle of 45 .
35. For the bazar area the Bye Laws
provided that in every chauk where
down pipe or pipes bringing sullage
of the household terminates, there
should be a litter catch pit or a
manhole or a grease and grit
interrupter to hold all slit and solid
matters.
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36.

The lowest point of the plinth shall be at a
minimum height of 12 inches (30.5 cm) above
the ground level.

37.

For the bazar area the Bye Laws provided that
no building or room be allowed to be erected
which is not higher than the surrounding
ground or hill by at least twelve inches (30.5
cm).

38.

For the Civil Station the Bye Laws provided
that no room or house or building be built
against a hill or retaining wall and there must
be an open space of at least 4 feet (1.2 meters)
between the building and the hill.

39.

No room intended for or used for human
habitation shall have a height of less than 8 feet
(2.4 meters) to the wall plate.

40.

The flue of the chimney of any fire-place in a
house shall not be less than 144 square inches
(929 square cm) in a cross section, and the
space underneath the fire grate and in front, to a
width of 9 inches (22.9 cm) shall be of noncombustible material such as cement, stone
and others. This shall be enclosed by a small
wall, at least 3 X 3 inches (7.6 X 7.6 cm) to
prevent ashes or cinders falling on to the
boarded floor. (Note: this provision of the Bye
Law shall be applicable only to residences
outside the bazar areas.)

41.

42.

The work in all details pertaining to the
construction of houses, bungalows, outoffices, latrines and urinals, bathrooms,
kitchens, drains, and others shall be carried out
in accordance with the Public Works
Department specifications for Buildings and
Roads as detailed in Part (1) section (A)
Buildings (revised in 1936) Part (II) Sanitary,
printed in 1920.
For the bazar area the Bye Laws provided that:
(a) Not more than 3 rooms shall be allowed in
one row from front to back of a building
excepting open verandahs and open
balconies.
(b) All cooking rooms shall be provided with
a flue for the exit of smoke from the
ground floor to the top of the roof of the
highest floor.
(c) No living room shall be less than 100
square feet (9.3 square meters) with a
minimum width of 8 feet (2.4 meters) and
a minimum height of the eaves of 8 feet

(2.4 meters). The height at the eaves of
balconies and verandahs too shall not be
less than 8 ft (2.4 meters).
43.

In Civil Station each room, ground floor or
upper flats shall be provided with flues for exit
of smoke wherever wood or coal fire is likely to
be used for heating rooms.

44.

The Bye Law had the following provision for
the outhouses of the Civil Station:
(a) an open verandah shall be provided in
front of the out houses in each floor with a
minimum width of 3 feet (0.9 meters);
(b) the height at the eaves of rooms and
verandah shall not be less than 8 feet (2.4
meters);
(c) the walls and floors shall be of pucca
masonry cement lined or smooth
plastered and the floor shall be properly
drained by an outlet.

45.

A room used for animals shall have a sanitary
floor properly drained.

46.

For the bazar area the Bye Law had the
following additional provisions:
(a) in every chauk ladders from level to the
uppermost storey should be made either of
masonry or cement concrete or in such a
manner as to make it safe and easy for the
bhisties and sweepers;
(b) no bathroom kitchen or latrine shall be
allowed in any storey of the building
facing the bazar side.

47.

The term storey shall be held to mean a room or
set of rooms in a building the floors of which
are at or near the same level.

48.

The height of a building shall be held to mean
in the case of pent roofs the greatest height to
the wall plate.

49.

If a building be placed at the edge of street the
height of the front of the building measured
from 2.5 inches (6.4 cm) above the street edge
must not exceed the width of the street on
which it faces. But if the building or one or
more of its storeys be set back from the edge of
the street the height of such a building or a
portion set back may be increased beyond the
height otherwise allowed by this Bye Law by
the distance that it is set back.
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50.

No piece of land shall be used as site for the
erection of a building or a dwelling house or a
hut for human habitation, if the matter
impregnated with faecal animal or vegetable
matter unless the site has been declared
innocuous by a public health officer not below
the rank of a Medical Officer of Health and if
otherwise suitable for building purposes from
the engineering point of view.

51.

A similar notice is required in the case of
enclosures, wall, fence, tent, awning, booth or
temporary structure to be erected or any land
within 50 feet (15.2 meters) from the edge of
any public road in the Municipality.

52.

No cutting or excavation for constructing a
building or for any other purpose shall be
allowed on any plot of land where the average
hill gradient is more than 1 in 2. To ensure that
the gradient extends over a sufficient length of
hill slope, such an average gradient should be
continuous at least over a length of 200 feet (61
meters) measured along the hill slope. In
addition, the local average gradient across the
portion actually proposed to be excavated and
at least 15 feet (4.6 meters) beyond, both on the
uphill side and on the downhill side, should also
not be more than 1 in 2.

53.

54.

All masonry buildings have to be built on
earthquake proof lines, i.e. with single unit
foundations and stinger courses at each floor
level and eave level except the ground floor.
RCC single unit foundations shall be at least 6
inches (15.2 cm) thick and land on line concrete
or lime cement masonry and shall extend to the
whole width of the foundation.

55.

Stringer courses shall be of RCC at least 4.5
inches (11.4 cm) thick and shall extend to the
whole width of the walls.

56.

Board lines of the designs or RCC single unit
foundations and RCC stringer course to be
according to the approval designs subject to
alterations to suit special conditions. Copy of
the board lines of the approval designs can be

obtainable from the office of the Municipal
Board on payment basis. This however does
not apply to temporary wooden structures and
in the case of steel frame constructions the
frames have to be suitably connected in line of
stringer courses.
57.

Only two storey of a total height of 35 feet
(10.7 meters) from the plinth level to the top of
the ridge in the case of PENT roofs and of a
total height of 30 feet (9.1 meters) from the
plinth level to the top of a roof in the case of flat
roofs will be allowed, except in bazar areas,
where ordinary Bye Laws will apply in this
respect.

58.

The height of each wall measured from the
floor to the corner where the ceiling roof meets
the walls shall not be less than that laid down
below:
First storey
Subsequent storeys

10 feet (3.1 meters)
8 feet (2.4 meters)

59.

Adequate retaining walls for the Public Works
Department standard section shall be provided
in preparing the site. The standard section
means that the back shall be vertical, top shall
be 2 feet (0.6 meters) wide, face better shall be
3:1 and foundation shall be at right angle to the
face.

60.

The retaining walls will be founded on firm
ground below.

61.

The site will be thoroughly drained for which
purpose adequate pucca drains will be
provided.

It may be noted that these Bye Laws gave particular
attention to the safety of the hill slopes and built
environment together with health and sanitation of the
residents.
Lake Development Authority (LDA) was formed in
1984 and subsequently the responsibility of regulating
construction works in Nainital was transferred from
Nainital Municipal Board to LDA that was also
entrusted the task of planned development in a larger
area around Nainital.

Durgapur power house: Quest for lighting Nainital
Plans for the electrification of Nainital city from the
discharge of the Naini lake were prepared as early as
1918. Diversion of the lake discharge for power
generation was also intended to reduce the pace of mass
wastage in Balia ravine.

The power generation unit was to be installed at
Durgapur on the right bank of Balia nala near Birbhatti
(Fig. 71). This was perceived to provide effective head
of 1,400 feet (427 meters) and two ten inch (25.4 cm)
mains, of 6,800 feet (2,073 meters) length were to carry
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received grant of ` 3,00,000 for this project from the
Government and the remaining amount was raised
through loans. Public Health Department was the
executing agency for the Municipality of Nainital and
the construction work commenced at the end of
October, 1920 after acquisition of 3.2 acres (12,940
square meters) of land at Durgapur. The estimates were
further revised to ` 20,73,387 due to the increase in
exchange rate, modification of design of the pumping
station and other unforeseen circumstances (Annual
Report, 1922).

Fig. 71. View of Durgapur power house.

water to the generation unit at the rate of 201 cubic feet
per minute (5,692 litres per minute). The total quantity
of daily water requirement during severest summer
demand was calculated to be 1,40,100 cubic feet (3,967
cubic meters).
The practice of keeping regular records of atmospheric
precipitation together with lake discharge and lake level
was of immense help in the planning of the Durgapur
hydroelectric project. It was calculated during the
planning stage that assured storage of 18 million cubic
feet (5,09,703 cubic meters) was required for
uninterrupted power supply during the nine dry months
following the monsoon season. This translated into 3.44
feet (1 meter) column of water in Naini lake and based
on this suggestions were made for remodeling the weir
at Tallital.
Vicinity of the weir was planned to be avoided for
warding off the threat of inlet being choked by weeds
and the intake was planned from a point north of
Patwadunga inlet chamber on the South Mall. Three
150 KW generators with direct coupled Pelton wheel
and oil pressure governors were to be installed at
Durgapur. Single HT transmission line was planned for
transmitting electricity at transmission pressure of
3,300 volts.
The hydroelectric project also envisaged to cover the
drinking water supply related aspects of Nainital
Municipality and water at the rate of 15 gallons (57
liters) per person per day was planned to be ensured.
The project was initially estimated to cost ` 11,39,639
(Annual Report, 1920) that was later revised to
` 12,82,000 (Annual Report 1921). The Municipality

The first test drive of current for electric lights was
th
made on 8 August, 1922 and regular supply was made
available from 1st September, 1922 (Annual Report,
1923). During the planning stage of the scheme the
annual running expenditure of the project was
estimated to be ` 1,12,174 and 7,00,000 units generated
from the project were projected to be supplied at the rate
of 2.55 annas per unit. This was envisaged to provide
the Municipality with annual revenue of ` 1,80,000.
In the financial year 1923-24 against the expenses of
` 1,92,710 (including the interest repayment) revenue
of ` 2,18,668 was actually generated by the Nainital
Municipality from Durgapur hydroelectric project
(Annual Report, 1924).
The Durgapur hydro-electric project continued to light
up Nainital and its surroundings till 1974. In that year,
after some technical problems it was transferred to UP
Jal Vidyut Nigam that cared least to rejuvenate it and
the scheme has been put to disuse since then. UJVN
became the custodian of the Durgapur power station
after the creation of Uttarakhand.
No effort has been made by any of the interested parties
to revive this project that apart from generating revenue
would have reduced the pace of mass wastage along
Balia ravine. No one seems to have cared to appreciate
the efforts put in to plan and execute this power house.
Even though restoration seemed unviable, the power
house could have been secured as a heritage structure.
This is something to be proud of and not really
something to be allowed to be sent to the junkyard
(Figs. 72 and 73).
We however are at present busy razing to ground every
remnant of this scheme and there are plans to construct
new structures for the rehabilitation of slum dwellers of
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Fig. 72 and 73. View inside the Durgapur power house.

Nainital at this site under JNNURM. It is to be seen if
the slum dwellers with their normal livelihood chores
starting early in the dawn would really prefer to shift to

Water supply
The water works were completed at the beginning of
1895 and opened in April. The water collected from
various springs was pumped up to reservoirs
constructed for this purpose at a number of locations on
the hill side at appropriate locations so as to ensure
supply of water through gravity driven schemes. The
pumps were operated initially by steam power and the
original capital cost of this scheme was ` 2,47,000.
It was subsequently extended and improved and after
the commissioning of the Durgapur hydroelectric
scheme the pumps were operated by electricity. The
scheme was planned to ensure supply of water to the
masses at the rate of 15 gallons (68 liters) per head per
day. In order to ensure efficiency the area of supply was
divided into three zones, with summer population of
5,500, 6,500 and 10,000 and pumping heads of 1,152
feet (351 meters), 465 feet (141.7 meters) and 260 feet
(79.2 meters) respectively.
High lift three throw plunger pumps were installed for
the high zones while centrifugal pumps were installed
for the low zones. Two centrifugal pumps suitable for
low zone were installed in series to serve the
intermediate zone. Hours of pumping were accordingly
adjusted to ensure that the power required for pumping
to each zone is the same.
Two sets of motor driven plunger pumps for the high
zone and three sets of motors with multi-stage

Durgapr. By then the remnants of the powerhouse
would however be obliterated and in times to come,
apart from stray pieces of the penstock passing through
the houses, nothing of this scheme would remain.

centrifugal pumps, one on each end of the motor, and an
arrangement of valves was made so that the pumps in
each set could be used either in series or parallel. This
provision allowed for 100 percent standby power for
the high zone and 50 percent standby power for the low
zones.
The existing steam plant was to be kept aside for
emergency use unless the electrical pumps were fully
functional and tested. Steam pumps at the lake and at
the chlorination plants were likewise preserved for
emergency use. Amount of ` 1,32,807 was spent on the
alteration of the water supply system of Nainital.
The annual running expenses of this scheme were
estimated to be ` 60,240 and the water supplied was to
be charged at the rate of ` 1.61 per thousand gallons
(` 0.35 per thousand liters) and it was expected that the
water supply scheme would be able to sustain on its
own and would not amount to an additional burden
upon the Municipality.
In the year 1923 - 24 the water works could however
generate revenue of ` 67,933 only as against the
expenditure of ` 1,05,118 that included loan repayment
of ` 23,014 (Annual Report, 1924). The scheme
however started to bear fruits and in the year 1925 - 26
the receipts amounted to ` 67,188 that includes loan
repayment of ` 23,014 but excludes ` 11,633 spent on
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Nainital ropeway: One that could not be commissioned
Long before the introduction of motor cars other
schemes were proposed for solving the problem of
transport between Kathgodam and Nainital. The first
was a scheme for constructing a wire ropeway between
the two places for the carriage of goods. This scheme
was proposed by a Mr. Hanna, a resident of Nainital in
May, 1887. By the beginning of 1887, the Nainital
Ropeway Company Limited was formed with Mr.
Hanna being its Managing Director.
The cost of construction was estimated to be ` 1,80,000
with net annual income of ` 25,000. The Company
however sought various concessions from the
Government. Some of these, including that of a postal
subsidy, were refused, but a right of way that involved
the right to pass over the ground at a height of not less
than ten feet (3 meters) above the surface measured
from the lowest point of the suspended load was
conceded together with the grant of land up to ten acres,
and the use of water free of cost.
Private land as also any private rights in water, where
needed, were however to be acquired by the Company,
and all water was to be returned to its course after
utilisation for use elsewhere. Three plots were assigned
to the Company by the Municipal Board at a nominal
rent of ` 1.00 while a plot near the Brewery was
purchased by the Company in April, 1890 from Lala
Durga Lal Sah, a well known banker.

Doubts however started to surface as to the ability of
the Managing Director to execute the scheme. In July,
1890 two of the Directors informed the shareholders of
these doubts. Mr. Hanna was then called upon to
produce his definite proposals for the construction of
the ropeway. He asked for, and was granted time, in
order to be able to consult certain persons in England,
but in the meanwhile all further work on this scheme
was stopped. Still no proposals were forthcoming as
Mr. Hanna had become mentally ill.
This was the death blow to the scheme. The
Government had given every help, but the public had
lost faith, and no one could be found to take up the
enterprise. In September, 1891 the company went into
voluntary liquidation. The land granted by Government
was taken back.
Some twenty years later there was a faint attempt to
revive the scheme. In March, 1908 some Mr. Shaw,
writing from England, asked the Municipal Board to
verify certain statistics of the traffic between Nainital
and Kathgodam, and asked to put him into
communication with some retired engineer. The
Board's reply was however not encouraging, and the
matter ended there.
The entrepreneurship of Mr. Hanna needs to be
recognised and he needs to be credited with an idea that
could not materialise till date.

Mountain railway scheme: Aborted premature
A proposal of mountain railway was made to
Government in 1889, by then Colonel RE Thompson
but the same was declined by the Government.
Negotiations were revived and prolonged eventually
until 1895, when they came to an end, as the
Government was not willing to grant all the concessions
demanded.

kilometers per hour). The minimum carrying capacity
per day was to be 50 tons of goods together with 30
upper class and 100 lower class passengers. The water
power was to be supplied, to a great extent, form the
outlet of the lake, but the promoter had a further plan for
utilising the water from the lakes of Bhimtal and Sat
Tal, if necessary.

The use of steam power and the rack system of
construction were both considered for driving the
railway (or tramway as it was originally named), but
were found impracticable. It was therefore planned to
be driven by electricity generated by water. The
proposed 2.5 feet (0.8 meters) gauge track was to be
about 14 miles (22.5 km) long. In addition, there were to
be three lifts on the line, worked by water counter
balance. The course of the line and the position of the
lifts were decided, and a map was prepared.

Closely connected with the railway project was what
was known as the Chirta grant.

The ordinary speed of the proposed train was to be eight
miles per hour (12.9 kilometers per hour), except over
the lifts, where it would be four miles per hour (6.4

Chirta is an area of forest of about four square miles
(10.4 squake km) outside Nainital settlement, through
the border of which the proposed line would run when
nearing Nainital. Colonel Thomason constantly
asserted that the Chirta grant was inseparable from the
railway scheme. There was no forest in that area and in
the Colonel's onion the place was ideal for a
combination of a British sanatorium with factories,
without injuring or interfering with the other. Chirta
however had no water supply. This fact was, however,
an argument in favour of combining the two schemes.
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The lower lifts on the proposed line were planned to be
located at places where water was absolutely wanting,
so a long lead for the water to these points was
unavoidable. This would involve heavy expense.
Colonel argued that if Chirta is given good deal of this
difficulty would vanish as much of the cost might be
made fairly chargeable, in the first instance, to Chirta
forests, as protection against fire, and subsequently to
the Chirta settlement for water supply.
His idea was to develop Chira both as a settlement and
as a manufacturing centre. He compared the water
power, the railway, and Chirta to powder, shot and a

capped gun, lying side by side, all perfectly useless
until combined; and, carrying the analogy still further
he added that perpetuation of Chirta as a reserve forest
when it could be developed as a charming settlement is
like using the gun as a club.
Nainital Municipal Board passed a resolution in 1895
to the effect that it had no objection to the control of the
outlet of the lake by the railway company, as proposed
by Colonel Thomason, subject to certain safeguards.
The Government however could not find enough
reasons of granting all the concessions proposed by the
Company. The scheme was thus abandoned.
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Nainital and the Supreme Court ruling
Hon'ble Supreme Court adjudicating on the
petition of Dr. Ajay Singh Rawat after going
through the findings of the Court Commissioner
appointed by it on that issue was of the opinion that
preventive and remedial measures are required to
be taken on war footing, as any delay would cause
further degradation and complicate the matters in
the township of Nainital.
The Hon'ble court in its judgment in the above cited
th
case delivered on 9 March, 1995 directed for the
compliance of the following:
1.

Sewage water has to be prevented at any
cost from entering the lake.

2.

So far as the drains that ultimately fall in
the lake are concerned, it has to be seen
that building materials arc not allowed to
be heaped on the drains to prevent
siltation of the lake.

3.

Care has to be taken to see that horse
dung does not reach the lake. If for this
purpose the horse stand has to be shifted
somewhere, the same would be done.
The authorities were directed to examine
whether trotting of horses around the
lake is also required to be prevented.

4.

Multi-storeyed group housing and
commercial complexes have to be
banned in the town area of Nainital.
Building of small residential houses on
flat areas was however permitted.

5.

The offence of illegal felling of trees is
required to be made cognizable.

6.

Vehicular traffic on the Mall has to be
reduced. Heavy vehicles may not be
permitted to ply on the Mall.

7.

The fragile nature of Balia ravine has to
be taken care of and the cracks in the
revetment of Balia nala be repaired
urgently.

Hon'ble Supreme Court in its judgment hoped that
all concerned would take concerted steps to ensure
compliance of the same and advised that a
monitoring Committee, with one highly placed
official of each of the concerned authorities /
department be constituted for this purpose. The
Hon'ble Court also advised that eminent people
from masses having interest in the matter be coopted in this Committee. The Court advised that
regular meetings of the Committee be oraganised
every month.
The Hon'ble Supreme Court ended the judgment
on a lighter note with the hope that the butterfly
would regain its beauty and would attract tourists
not only in present but in future as well. This
however would happen, the Court added, if the
beauty would remain unsoiled. However the Court
added that given the will, it is not a difficult task to
be achieved; the way would lay itself out. The
Hon'ble Court advised all concerned to try and try
hard and rightly pointed out that this was the time
to act and future might well be too late for the same.
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lkjka'k
vkt lewpk igkM+h {ks=k fodkl ,oa i;kZoj.k laj{k.k ds eè; lkeatL; cuk;s j[kus ls tqM+h ,d cM+h nqfo/k ds nkSj ls xqtj jgk gSA igkM+ksa esa fofHkUu
fodkl dk;ksZa ds fy;s okafNr Hkwfe dh miyC/rk vR;Ur lhfer gS vkSj fofHkUu i;kZoj.kh; fu;e bl miyC/ Hkwfe ds mi;ksx dks Hkh vusdksa lhekvksa
esa ck¡/ nsrs gSaA {ks=k dh c<+ jgh tula[;k ds lkFk gh ;gk¡ vkus okys i;ZVdksa o rhFkZ ;kf=k;ksa dh la[;k esa gks jgh fujUrj o`f¼ ds n`f"Vxr vkokl]
vkokxeu] euksjatu] fctyh&ikuh] lkiQ&liQkbZ o vU; lEcfU/r lqfo/k;sa fodflr djuk jkT; dh vFkZO;oLFkk esa lq/kj ds fy;s vR;Ur vko';d
gSA fodkl o i;kZoj.k laj{k.k ds eè; dk ;g fojks/kHkk"k o vUrj}an igkM+ksa esa gksus okys fodkl dk;ksZa esa izk;% izfrfcfEcr gksrk gSA vr% vko';d gks
tkrk gS fd igkM+ksa ls tqM+h leL;kvksa dk xgu ijh{k.k fd;k tk;s vkSj ,d ,slh j.kuhfr rS;kj dh tk;s ftlls igkM+ksa esa fodkl dh nj ckf/r u gks
vkSj lkFk gh i;kZoj.kh; ekinaMksa dh Hkh vuqikyu gks ldsA
bl j.kuhfr ds vHkko esa vkt igkM+ksa esa izk;% lqj{kk ekudksa dks rkd esa j[k dj tYnckth esas fuekZ.k fd;s tk jgs gSa vkSj ,slk dbZ 'kgjh {ks=kksa esa lkiQ
ns[kk tk ldrk gSA bu fuekZ.k dk;ksZa esa lqj{kk ekudksa o fuekZ.k lEcfU/r dk;ns&dkuwuksa dh vogsyuk Li"V ifjyf{kr gksrh gSA dgk¡ [kksnuk gS] dgk¡
ugha] bathfu;j dh lykg ;k fiQj dgk¡ eyck iQSduk gS] ;g lc egRoiw.kZ iz'u fodkl dh bl nkSM+ esa xkS.k gks pqds gSa vkSj vkt bl izdkj ds dk;ksZa ls
tqM+k] rqjUr o jkrksa&jkr gksus okyk iQk;nk rFkk yEcs le; ls vkink dk Lo;a lkeuk u djus okys tu&lkekU; dh vkink lqj{kk ds izfr mnklhurk {ks=k
esa yksxksa dks bl izdkj ds fuekZ.k dk;ksa ds fy;s izksRlkfgr djrh gSA bu fLFkfr;ksa esa vkinkvksa ds izfr vR;Ur laosnu'khy bl fgeky;h {ks=k esa vkinkvksa
dk tksf[ke fujUrj c<+ jgk gSA lhfer HkkSxksfyd {ks=k esa vizR;kf'kr :i ls c<+ jgs tula[;k ds ncko ds dkj.k ;gk¡ dbZ 'kgjh {ks=kksa esa fLFkfr;k¡ fpUrk
dk fo"k; curh tk jgh gS vkSj tYn gh dksbZ Bksl dne u mBk;k x;k rks fudV Hkfo"; fdlh cM+h vkink dk lkeuk djuk iM+ ldrk gSA
orZeku rd gekjs 'kgjh {ks=k vkinkvksa ls izk;% cps jgs gSa vkSj blds dkj.k gh 'kk;n gekjs 'kgjh {ks=k ds fuokfl;ksa us Lo;a dks vkinkvksa ls lqjf{kr eku
dj vkink izcU/u fu;eksa o lqj{kk ekudksa dh vuns[kh djuh vkjEHk dj nh gSA oSls rks uSuhrky jkT; ds dqN fxus&pqus 'kgjh {ks=kksa esa ls ,d gS tgk¡
foxr esa dbZ ckj cM+h vkink;sa ?kfVr gq;h gSa] ijUrq 'kgj ds vUnj gks jgs vO;ofLFkr fuekZ.k ls yxrk gS fd 'kgj okfl;ksa us foxr dh vkinkvksa ls dqN
[kkl lh[kk ugh gSA uSuhrky 'kgj dk bfrgkl cgqr yEck ugha gS vkSj bldk vkjEHk lu~ 1841 ds ckn ls gh gksrk gS] ijUrq bl 'kgj dks lu~ 1880 ls gh
dbZ ckj cM+h vkinkvksa ls tw>uk iM+k gSA bu vkinkvksa ds lkFk gh vusdksa O;fDr;ksa o rduhdh lfefr;ksa }kjk uSuhrky esa gq;s Hkw&L[kyuksa ds dkj.kksa dh
foospuk ds fy;s vè;;u fd;s gSa vkSj 'kgj dks vkinkvksa ls lqjf{kr cukus vkSj lEHkkfor vkink dh iwoZlwpuk ikus dh fn'kk esa egRoiw.kZ iz;kl fd;s
gSaA
le;&le; ij xfBr rduhdh lfefr;ksa dh laLrqfr;ksa ds vk/kj ij uSuhrky 'kgj ds vkl&ikl dh igkM+h <kyksa ij gksus okys /¡lko rFkk o"kkZ] rkykc
ls gksus okys ty fjlko o rkykc ds ty Lrj ds lkFk gh dbZ /kjksa (izkd`frd ty fjlkoksa) ds fjlko dh nj ds fu;fer vk¡dM+s tek djus dh
O;oLFkk LFkkfir dh x;h FkhA blds lkFk gh laosnu'khy ik;s x;s LFkkuksa dks ekuoh; gLr{ksi ls eqDr j[ks tkus gsrq Hkh mi;qDr fu;e&dkuwu cuk;s x;s
FksA
vktknh ds ckn iwoZ esa LFkkfir O;oLFkkvksa ds vuqikyu ij fu;fer :i ls è;ku ugha fn;k x;k vkSj le; chrus ds lkFk /hjs&/hjs laosnu'khy {ks=kksa dks
ekuoh; gLr{ksi ls eqDr j[ks tkus lEcfU/r O;oLFkk lfgr buesa ls dbZ vkSj dks Hkh Hkqyk fn;k x;kA i`Fkd jkT; cuus ds mijkUr ljksoj uxjh ds
vkl&ikl ds {ks=k esa ekuoh; gLr{ksi dh xfr vkSj Hkh rst gks x;h] ftlds dkj.k bl {ks=k dh vkinkvksa ds izfr ?kkrdrk esa Li"V o`f¼ gq;h gSA foxr
05 o"kksZa dh vof/ esa bl {ks=k esa gqos Hkw&mi;ksx ifjorZu Li"V n'kkrs gSa fd >hy ds vkl&ikl ds oukPNkfnr {ks=kksa esas ekuoh; gLr{ksi c<+k gSA {ks=k esa
fd;s x;s losZ{k.k Li"V n'kkZrs gSa fd uSuh >hy ds vkl&ikl dh dbZ laosnu'khy igkM+h <kyksa ds lkFk fujUrj NsM+NkM+ dh tk jgh gS vkSj vkink lqj{kk
ekudksa dh [kqysvke /fTt;k¡ mM+kbZ tk jgh gSaA fLFkfr;ksa dks vkSj ?kkrd cukus ds fy;s fuekZ.k dk;ksZa ls mRiUu eycs dks ukyksa&ukfy;ksa esa fuLrkfjr fd;k
tk jgk gS vkSj fuekZ.k dk;ksaZ ds fy;s igkM+h <ky ls ikuh dh lqjf{kr fudklh lqfuf'pr djus okys bu ukyksa ds vfLrRo dks [kRe djus esa Hkh ladksp
ugha fd;k tk jgk gSA {ks=k esa fd;s x;s losZ{k.k Li"V n'kkZrs gSa fd loksZPp U;k;ky; ds funsZ'kksa ds mijkUr Hkh ljksoj uxjh esa fuekZ.k dk;Z vck/ xfr ls
py jgs gSaA
;gk¡ ;g è;ku esa j[kk tkuk vR;Ur egRoiw.kZ gS fd fdlh Hkh >hy dk vfLrRo cukus j[kus ds fy;s mlds ty laxzg.k {ks=kksa dks ekuoh; gLr{ksi ls
eqDr j[kk tkuk vR;Ur vko';d gS vkSj bu {ks=kksa esa gksus okys lw{e cnyko Hkh >hy ds vfLrRo ds fy;s [krjk cu ldrs gSaA A uSuh >hy ds ty
laxzg.k {ks=kksa esa dbZ LFkkuksa ij gks jgs vfu;ksftr o vO;ofLFkr fuekZ.k dk;Z lHkh ds fy;s fpUrk dk fo"k; gSa vkSj bl lEcU/ esa le; ij mfpr o Bksl
dk;Zokgh u fd;s tkus ij >hy ds vfLrRo ij gh iz'u fpUg yx ldrk gSA >hy ds ty Lrj esa yxkrkj vk jgh fxjkoV ge lHkh ds fy;s [krjs dh
?kaVh gS_ ;g izd`fr }kjk gesa nh tk jgh bl Li"V psrkouh dh vuns[kh djuk ge ij Hkkjh iM+ ldrk gSA
uSuhrky ds vkl&ikl ds dbZ {ks=k iwoZ esa fouk'kdkjh HkwL[kyuksa dh pisV esa vk pqds gSaA bu {ks=kksa esa c<+ jgk ekuoh; gLr{ksi o ty fudklh O;oLFkk
ds lkFk NsM+&NkM+ ds gesa vR;Ur xEHkhj ifj.kke Hkqxrus iM+ ldrs gSaA vr% vkt vko';drk gS 'kgj esa gks jgs fodkl dk;ksZa dks fu;ksftr o fu;af=kr
fd;s tkus dh] iwoZ esa LFkkfir O;oLFkkvksa dks iquLFkkfir fd;s tkus dh] uSuhrky dks uSuhrky cukus dh D;ksafd rky ds fcuk uSuhrky dk uSuhrky cus
jg ikuk lEHko ugha gSA
bl vè;;u ds vk/kj ij HkwL[kyu lEHkkfor {ks=kksa dk fpUgk¡du fd;k x;k gSA vk'kk dh tkrh gS fd Hkfo"; esa gksus okys lHkh fodkl dk;ksZa dks
vkjEHk djus ls iwoZ HkwxHkhZ; losZ{k.k djok;s tk;saxs vkSj lHkh fuekZ.k dk;ksZ esa lqj{kk ekudksa o xq.koRrk lqfuf'pr dh tk;sxhA lkFk gh uSuh >hy ds ty
laxzg.k {ks=k ds lkFk gh vU; laosnu'khy igkM+h <kyksa dks ekuoh; gLr{ksi ls iw.kZr% eqDr j[ks tkus gsrq mfpr dk;Zokgh dh tk;sxhA ;g lc gksus ij gh
ge uSuhrky dks uSuhrky cuk;s j[k ik;saxs vkSj ;g lHkh oxksaZ ds fgrksa ls tqM+k fo"k; gSA vk'kk gS fd bl ij lHkh leku :i ls fØ;kUo;u djsaxsA

