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NOTE ON PRELIMINARY ASSESSMENT OF GROUND SUBSIDENCE SITUATION
IN BAGESHWAR DISTRICT, UTTARAKHAND

By
Yogendra Singh, Sr. Geologist and Tahir Mushtaq, Sr. Geologist

'~
"y

Geological Survey of India, SU: Uttarakhand, Dehradun )
: w In pursuance to the office order no, D-26013/2/93/COS from the Geological Survey gf'lndia.‘Sta[.e
Uit Untarakhand, Dehradun, o team comprised ol Yogendra Singh, Sr. Geologist and Tahir

Mushtaq, Sr. Geologist visited the Bageshwar District for preliminary assessment of ground
subsidence affected villages as reported by the Press Information Bureau on 05.09.2024. The GSI
(cam made site visit to affected villages from 12" to 14" September, 2024. Prior to site visit GSI
team had discussions with the District Magistrate and the District Disaster Management officials
on 12/09/2024. The district administration informed that the rehabilitation cases for reported

e cleven villages are not recent ones and provided a list of the affected villages, as shown in Table
I. The location of these villages over geological map of Bahgeshwar district is shown in Fig. 1.

~__TableT: Table showing the list of villages and number of houses rehabilitated or are n progress.

i . . . Number of Year of Status of
oh Tewsl)y Vieme || Zanewe | Lidglde | o ooe | amominng rehabilitation
Ll Badeth | N29°59'30" | E79°55'5|" 12 2017 Completed
2 Dobarh N30°1223" E79°53'17" 12 2013 - Under progress

I3 Kuwari | N30°05'09" | E79°475[" 1 2013 Completed
| 4 ki _ Phullai | N29°5535" | E79°5420" |03 2017 Completed
. Malladesh [ N29°57'19" | E79°57'12" 04 2017 Completed
6. | Badiyakot | N30°06'46" | E79°50'17" 07 2017 In progress
57 Naukuri | N29°59'29.6" | E80°00'33.5" 0l 2017 Completed
8 Karmi | N30°02's1" | E79°5323" 06 2022 Under progress
) 9 A wsinias Seri N29°51'25.7" | E79°57'26.3" 08 2017 Under progress
10 | __Eimgarhi -- - -- 1 _U_2 2017 Completed
1| Garur Jakh N29°55'08.9" | E79°43'56.9" 02 2018 Completed

As itis clear from the Table-1 that the rehabilitation cases of individual villages dates back up to
2013, it was necessary to prioritise the villages, where recent ground cracks have been developed
or need immediate attention for geological survey by GSI. In view of this, the team met with local
administration at tehsil level to find out the priority villages and the detailed description is as
follows. g

il

[. Kanda Tehsil: The team met with Sh. Anurag Aarya, SDM, Kanda Tehsi] on 12/09/2024 and
discussed about the ground.situation of Seri and Simgarhi Villages under the Jurisdiction of Kanda
Tehsil. In this meeting, it was informed that ground crack hqve not been reported from Siingaik
village and the rehabilitation of two houses have been already done and there is no need for
geological survey at present. The team was requested to visit Serj and Kanda Kaniyal village as -

1|Page
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new‘ ce.lses of house cracks have been reported from these two villages of Kanda Tehsil. The
preliminary assessment of these individual villages is discussed below:

r

o
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Fig. 1: Geological map of Bhageshwar district showing location ;Jf villages from where rehabilitation of

houses has been done.

a) Kanda Kaniyal Village{ The GSI team, accompanied by Sh. Anurag Aarya, SDM, Smt.

Ritu Goswami, Naib Tehst dar, and other local authorities, visited Kanda Kaniyal village.
The Tehsil administration prioritized the investigation of cracks in two residential houses
and the Kalika Temple. The location of these investigated sites in Kanda Kaniyal village is
shown in Fig. 2. The observations and suggestions for individual site are discussed below:

House-1: During the field inspection, multiple cracks were observed in the walls and floor
of the house (Fig. 3) at coordinates N 29°49°42.01%, E 79°53°31.48” but no ground crack
were found./The house is located in a natural depression, with water secpage observed
about 30 meters upslope. The development of cracks is mainly due to its location, which
acts as a conduit for subsurface water, as indicatcd. byl S.cﬂs?nal springs andlseepage.
Although-a channel was built to manage the seepage, its lining is damaged, capsmg water
to flow underneath the house) This water movement saturates the slope material beneath,

' 2| Page

4

G Scanned with OKEN Scanner



24

gradually leading to groyng settlement. While the hoyse is situated in an unsuitable area,
; the primary cayse of cracks in (he house is dye to gradual piping action (removal of fines)
;F controlled by water Seepage. The suitable remeia| Measures are given under conclusion
y and Fecommendations heading,

79°5340°E
1

; \\ "',.-_’ B HOL:59~:7{1 "
A b .I
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; —= Pavement .---.__*————______———___?5 ) aglts]leters
. Selllemen — Road
DEM Derived Contour

Fig. 2: Map sho wing the location of visited sites in Kanda Kaniyql vfiiagé.

House-2: During the field inspection, a linear crack Was observed near the outer boundary
of the house porch at coordinates N 29°49°38.79" E 79°53°32.04 (Fig. 4). No cracks were
found in the walls or ceiling of the house.ﬁhe cracks at the oyter edge of the porch are
likely due to the defacing of a steep bench created downslope, The concrete slab s not
provided with any reinforcement and it is usual to de\xelop such cracks in outer part. These
cracks are not related to the open cast mine soapstone mine, Which s situated about 70

meters south of the house,
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3: Field photograph showing cracks in House-1 ¢ Fig, 4: Field |
showing cracks in the porch of

House-2 of Kanda Kaniyal
Village.

Fig.
Kanda Kaniyal Village.

Kalika Temple: The temple is located at coordinates N 29°49'31.72", E 79°53°29.53" on
a small ridge trending NW-SE, approximately 40 meters southwest of the open-cast mine.
A curvilinear minor crack was observed on the floor of temple complex, measuring 2mm-
5mm in width and extending 2-3 meters in length. The steep cutting for road construction
has been observed just below the floor where cracks are developed. These cracks in the
floor of temple primafacie appear to result froin defacing of slope. However, several cracks
have been reported in two houses situated on the slope below the temple complex. The
cracking patterns on the northern slope of the temple and the houscs below arc simlar,
oriented in a NW-SE direction with the open face toward the NE. These cracks prima facic
appear to result from defacing of slope but the role of open cast soapstone mine cannot be
simply denied as the timeline of cracks with reference to mine dcvelopmém can put proper
light on the issue. At present, the excavated part has been backfilled with waste material,
due 1o which the steepness of the excavated slope could not be observed.

Seri village: The GSI team, accompanied by Smt. Ritu Goswami, Naib Tchsildar, and

other local authorities, visited Seri village. The team examined six damaged houses, some

of which had been rehabilitated in 2016-17 and 2019-20, with new cracks appearing in two

of them. Additionally, several seepages, paleo subsidence scars, and sinkhole locations
reported by local villagers were also noted down. The field photograph of one of the
damaged house are shown in Fig. 5. The residents of this house have been rehabilitated by
administration. ,

Analysis of Google Earth imagery indicates that Seri village is situated on a cone-shaped
paleo slide material, sloping to the west (Fig. 6). This material is deposited over Augen
Gneiss from the Proterozoic Baijnath Formation. The overburden is unsorted and contains
large granite gneiss boulders embedded in a fine-grained matrix. The northern edge of the
cone is-defined by an unlined first-order nala fed by a spring located upslope (o the east

4[!1.'“'[-“1‘
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(Fig. 6). Accordi : 3
8 9) ording to a 1963 501 toposheet, this nala used to merge with another first-

order nal; .
der nala, but they no longer connecet, and the springs have appearcd.

Flig. 5: Severely damaged house with inside photograph from Seri village.

Over time, new springs have formed, feeding the cone's crown and causing water to seep
down its slopes (Fig. 6). This subsurface water percolation through the overburden material
washes away finer particles, leading to sinkholes near the crown and subsidence in the mid-
scction, The spring-fed nala has also contributed to the slow undercutting of the slide

material, causing instability along its flank, evident from the tilted trees.

Multi-temporal Google Earth Imagery shows that houses previously built near the crown,
periphery, and toe of the paleo slide were repeatedly constructed but could not withstand
the ground instability. The majority of l'ehabilitatedl houses were also in these areas as
evident from the comparison of houses in 2009 and houses present today (Fig. 6). Recently,

cracks have started to appear in homes located in the middle part of the village. Numerous

S5|Page
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paleo-subsidence and landslide scars have been observed in the lower agricultural lands
below the village, with villagers reporting similar subsidence issues there. The imagery
also indicates the emergence of circular depressions in the agricultural fields.
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Fig. 6: Map sho wing different ground deformation and I ydrological features of Seri Village.

2. Kapkot Tehsil: Kapkot Tehsil js one of the most severely affected areas in Bageshwar District,
where a tota] of fifty-six families have been impacted by cracks in their homes under various
conditions. The District Administration has facilitated their timely relocation to safer areas, taking
into account geological studies and recomméndations from the Department of Geology and
Mining, Uttarakliand, These studies assessed cracks in houses and identified suitable rehabilitation
sites for eight villages: Kuwari, Naukuri, Badeth, Malladesh, Phullai, Dobarh, Badiyakot, and
Karni, as indicated on SOI Toposheel nos. 53N/16, 530/09, and 53C/01., Currently, rehabilitation
has been completed for thirty-one families in five villagesKuwari, Naukuri, Badeth, Malladesh.
and Phullaiwhile efforts for twenty-five families in three villagesDobarh, Badiyakot, and Karmiare
-ongoing. According to the administration, there are no recent or old ground cracks in these villages
and the rehabilitation was based solely on the observed cracks in the houses. Details regarding
these villages, including their locations, number of families affected, year of rehabilitation, and
current rehabilitation status, are provided in Table 1. Since there are no recent ground cracks, the
administration did not require a site visit for further geological investigation by GSI but a brief
discussions cum Bhumisamvad was held at Tehsil office on 12/09/2024 and 15/09/2024. In this
discussion SDM along with Naib Tehsildar and Patwari of different villages participated. The aim
of this discussion was to aware the administration about how to access and use of National
Landslide Susceptibility Map (NLSM) map of GSI. The discussion was also aimed to emphasize
about the ground conditions in which GSI should be contacted for assessment of ground situation,
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3. Garur Tehsil: The Garur Tehsil is located in the west of Bageshwar district and two houses

have been rehabilitated from Jakh village of Garur Tehsil. To understand the ground condition of

Jakh village, the GSI team visited the Gayur Tehsil office on 13/09/2024 and met with Smt Nishy

Rami, Tehsildar, Garur. She appnised about the problem of rehabilitation of two houses in Jakh

village and informed that the problem was related to breaking of water pipeline and these are no

fecent ground cracks in the village but apprehend to visit the site for confirmation.In view of this
the team visited Jakh village on 14/09/2024 and the observation are as follows:

1he arca falls under.

a) Jakh village: The Jakh village falls in SOI Toposheet no. 530/09, with the rehabilitated
homes situated at coordinates N 29“55‘8.0[", £ 79°43'56.59", During the field visit, GSJ
tcam was accompanied by Sh, Yuvraj Goswami, Revenue Sub Inspector. He informed that
an issue began in September 2020 when a water pipeline above the homes of Sh. Rajendar
Singh and Surinder Singh (Narain Singh's son) ruptured in night on a rainy day. This led
u? & sudden flow of water that Saturated the slope, causing cracks to develop in the north
‘s:d;_ of the above mentioned houses. The location of houses and water pipeline are shown
m Fig. 7. :

-
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Fig. 7. Map showing ground Jeatures of affected areq in Jakh village,

The presence of an old landslide scar located north of the rehabilitated homes was observed
te. The study of Google Earth

during field visit with the slope material consists of calere
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Imagery revealed that a landslide wag triggered in 2012 during road construction. As per

the information from local people a gabion wall was installed for support to this landslidé %
However, the 2020 water surge reactivated the landslide, increasing the risk of calcrete
boulders rolling down and threatening the safety of residents. To mutigate this risk, the \
administration relocated the affected families to a safer location. The old scars of ground '
cracks were observed in agricultural land present above the landslide scar indicating i1s

5

I'E‘l[’ﬂgl‘CSSi\’C nature,

4. Pagna-Sakteshwar Road Subsidence: A meeting was conducted with Shri Ashish Kumar
_Bhatg:ain, the District Magistrate of Bageshwar, o discuss the observations made by the GSI team
n vanous localities. During this meeting, he highlighted significant subsidence that occurred on
the P«"i.gna-Saktes]m}ar road on September 13, 2024. In response, the GSI team, accompanicd by
Sh. B‘Jc”dm Singh Mehra, Assistant Engineer from PWD, Bageshwar, visited the site of the road
SUbSIder.lce at coordinates N 29°46°54.91”, E 79°48°58.45". This subsidence disrupted the
Conngctlon between Sakteshwar and Bageshwar, and the Pagna-Sakteshwar road has experienced
slep-.hke subsidence at the specified location (see Fig. 8). Ground features in and around the
subsidence area are depicted in Fig. 8.

The roz.id subsidence caused due to landslide measures approximately 90 meters in length, 60
rn_::lcr_s in width, and 4 meters in depth, with a downslope movement of | to 2 meters. A soapstone
mine is located just beneath the subsidence area (see Fig. 8). The landslide was triggered by the
removal of toe support for soapstone extraction. The failed mmaterial consists mainly of weathered
soapstone-bearing rock and overburden, categorizing it as a shallow translational failure. The
landslide may continue to retrogress until it reaches the overlying competent bedrock, which is
dolomitic limestone. A 42-geoparametric data sheel can be found in Annexure-1.
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ig. 8: Field photograph of road subsidence along with map showing ground features of Pagna-

Sakteshwar road subsidence location.
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Conclusion and Recommendations: The preliminary assessment of ground subsidence in
Bageshwar Distriet suggest that many interventions date back several years, highlighting the
necessily to prioritize locations with recent subsidence issucs, il any. Key findings unLIchCerf: the
virying causes ol ground instability, inciuding waler secpage, crosion, and mining activities,
neeessitating tailored recommendations for each site.

I. Kanda Kaniyal Village: The House-1 is located in a natural depression and a seasonal
spring/seepage is present behind the house, It is recommended to provide a deep lined
trench with weep holes to the upslope of the house to collect and divert the subsurface
water and establish proper drainage to direct the water downslope. This solution may
address the current issue, but given the house's location in a natural depression, surface
water flow during heavy rains could still pose a risk. The cracks at the outer edge of the
porch in House-2 can be mitigated by constructing a retention wall with weep holes to
Support the steep face of the bench, if required. The cracks in Kalika Temple prima facies
appear to result from defacing of slope but the role of open cast soapstone mine cannot be
denied. Therefore, it is recommended (o collect photos and videas before backfilling of the

mine to better understand its impact on the destabilization of areas present upslope to these
mines,

2. Seri village: The ground subsidence problem in Seri village primarily stems from the free
flow of spring water at the crown of the paleo slide and erosion along the nala flank. Based
on these preliminary findings, it is recommended to establish controlled drainage for the
Spring water originated upslope of Seri village and to line the nalas on the northern and
southern side of Seri village. The detailed study of'the village will be helpful in developing
a proper slope management plan. '

3. Jakh Village: The landslide present on the road section is retrogressive in nature as
suggested by ground cracks in the agricultural land. In view of this, it is recommended to
place a retaining wall with weep holes instead of gabion wall at the toe of the landslide to
mitigate the risk in future.

4. Pagna-Sakteshwar Road Subsidence: Geological assessments indicates that mining
activities in the downslope of the affected area have already compromised the natural
stability of the material. Currently, the excavated area of the mine has been backfilled,
making it difficult to assess changes in the natural slope profile, As a result, it is
reccommended to document the excavated slope through photos and videos before
backfilling in the future. This documentation will provide valuable information on the
potential impact on the stability of upslope areas if any ground instability issues arise.
Restoring the natural stability of the material appears unlikely, as engineering solutions
may not economically prevent the already triggered landslide, especially considering that
the bedrock beneath is soft soapstone. The landslide is cxpected to retrograde uphill, and it
is suggested that the recently constructed house near the crown of the landslide be
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rclocqlcd. A dt.szlcd Study s also recommended to evaluate the arca's suitability for
restoring the existing road, ’

:::;l:l‘iz-‘:i':s T:{::[;CL;:;?“;I:\ti::?‘? ac:_'uss different locations 15 L‘ssun‘liill (o mitigate risks, cnhapgc \

structures but m(; il1ful"||1 l'ulurcuu;lc l.lumagc, Prompt action will not only protect existing J

collaboration between geological e : “‘“lllllg aod dcvc.lo.p“m![ ”3 Sme.dcncc'p"mc areas. The

implementation of these m experts and local administration is crucial to-ensure the effective
casures.
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The GSI team, accompanied by Sh. Anurag Aarya, SDM, Smt. Ritu Goswami, Naib

Tehsildar, and other local authorities, visited Kanda Kaniyal village The Tehsil

administration prioritized the investigation of cracks in two residential houses and the

Kalika Temple. The location of these investigated sites in Kanda Kaniyal village is shown

in Fig. 2. The observations and suggestions for individual site are discussed below:

2

House-1: During the field inspection, multiple cracks were observed in the walls and floor
of the house at coordinates N 29°49'42.01", E 79°53'31.48" but no ground crack were
found. The house is located in a natural depression, with water seepage observed about 30
meters upslope. The development of cracks is mainly due to its location, which acts as a

(¥ Scanned with OKEN Scanner



conduit for subsurface water, as indjoaged by scasonal springs nd seepage-) Altht‘;”g:wa
channel was built to manage the seepage, its lining is damaged, causing Waler
underneath the house This water movement saturates the slope material bcneath,. e s
gradually leading to ground settlement. While the house is situated in an unSllltla : ﬁanesi
the primary cause of cracks in the house is due to gradual piping action (removal © i
controlled by water seepage. The suitable remedial measures are given under cone
and recommendations heading. _
House-2: During the field inspection, a linear crack was observed near the outer b{;(undary
of the house porch at coordinates N 29°49'38.79", E 79°53'32.04" (Fig. 4) Hoe = Sr?re
found in the walls or ceiling of the house. The cracks at the outer edge of the por(f are
likely due to the defacing of a steep bench created downslope. The conerete slab 15 no}
provided with any reinforcement and it is usual to develop such cracks in outer part. These
cracks are not related to the open cast mine soapstone mine, which is situated about 70
meters south of the house. J i
Kalika Temple: The temple is located at coordinates N 29°4931.72", E
79°53'29.53" on a small ridge trending NW-SE, approximately 40 meters southwest of the
open-cast mine A curvilinear minor crack was observed on the floor of temple compIex,
measuring 2mm- Smm in width and extending 2-3 meters in length. The stecp cutting for
road construction has been observed just below the floor where cracks are developed.
These cracks in the floor of temple primafacie appear to result from defacing of slope.
However, several cracks have been reported in two houses situated on the slope below the
temple complex. The cracking patterns on the northern slope of the temple and the houses
below are similar, oriented in a NW-SE direction with the open face toward the NE. These
cracks primﬁ facie appear to result from defacing of slope but the role of open c‘ast
soapstone mine cannot be simply denied as the timeline of cracks with reference 1o min€
development can put proper light on the issue. At present, the excavated part has been
backfilled with waste material, due to which the steepness of the excavated slope could not
be observed.
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