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Recommendation

Conducting micro-earthquake (MEQ) studies in and around the mining areas of Chamoli,

Bageshwar and Pithoragarh, Uttrakhand

Prepared by: Wadia Institute of Himalayan Geology,
(An Autonomous Institute of Dept. of Science & Technology Govt. of India)
33 General Mahadeo Singh Road,
Dehradun — 248 001, Uttrakhand

Background:

In response to the interim order dated 08 November 2024 passed by the Hon’ble National Green Tribunal
in the Original application No. 78/2023 of Durga Singh Panwar vs. State of Uttarakhand and others, the
Industrial Development (Mining) Department, Govt. of Uttarakhand has constituted an Expert Committee
for recommending guidelines for evaluating ecological and environmental stability of various geo-tectonic
zones in Uttarakhand to study the impacts of mining operations in the light of seismic stability of the
region. The committee recommended conducting micro-earthquake (MEQ) studies in and around the

mining areas of Chamoli, Bageshwar and Pithoragarh are of Uttarakhand.
Duration of the Project: Pre-, post and during mining periods

1. Introduction:

Uttarakhand is a Himalayan mountainous state, richly endowed with a variety of mineral resources,
including both major and minor minerals. However, the extraction of these minerals poses significant risks due
to the state's geographical location. The region falls under seismic zones V and V, which are considered highly
earthquake hazard zones of India. As a result, mining and associated blasting activities in this region need
substantial precaution. The state has experienced several strong earthquakes in the past, such as the 1991
Uttarkashi (Mw 6.8) and 1999 Chamoli (MW 6.5) earthquakes, which caused extensive damage to life,
property, and infrastructure (Cotton et al., 1996, Kayal et al., 2003). Also, the seismological studies by different
agencies highlight seismic belt in the Lesser and Higher Himalaya micro-, low- and moderate magnitude
earthquakes (Kumar et al., 2012; Babu et al., 2023). These events highlight the vulnerability of the region and

emphasize the need for cautious and sustainable mining practices.
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The Directorate of Geology and Mining, Government of Uttarakhand, has planned to initiate mining operations
in Chamoli, Bageshwar and Pithoragarh regions. In light of the seismic sensitivity of the region, it is both
prudent and essential to implement a robust scientific monitoring framework that can track and analyze seismic
activity during the entire course of mining operations, before its start and after the mining period. Responding
to the Directorate’s request, the committee recommends a comprehensive seismological monitoring and risk
assessment by the agency nd experts having its domain expertise and long-standing experience in seismicity
monitoring across the Himalayan belt.

In view of this, it is proposed to for a need of a local seismological network comprising atleast 8
broadband seismological stations covering ~100 km square area around mining areas. These stations will be
installed after site selection and construction of the hut/pillar at each station. The tentative locations of the
stations are given in Figure 1. The location will be finalized after the selection of sites and noise survey. These
stations will record data in continuous mode. The data will be archived at through the GPRS system. The local
earthquake data will be identified, extracted, and will be analyzed for the estimation of hypocentral parameters.
The local earthquake data will be analyzed to obtain hypocentral parameters (source positions in terms of
latitude and longitude, source depth, origin time etc) and also magnitudes. These earthquake data will be studied
for earthquake swarm activity, status of seismicity before, during and after the mining activity and report the
background seismicity. The earthquake source geometry will be obtained to correlate with the tectonics of the

study region. The details of the proposed work are given below.

Aims:

e To monitor the micro-earthquake activity in and around Chamoli and Pithoragarh mining
region by establishing total 6 new seismological stations for the duration of the mining work.

e To understand the seismo-tectonic setup of the area in a precise manner by deciphering the
location of earthquakes, source geometry and characterization of various faults and lineaments
around the project.

e Analysis and interpretation of data for estimation of the a and b value estimation from G-R
relation.

e To develope a seismotectonic map based on MEQ studly.

e To prepare a MEQ study report to be submitted to Directorate of Geology and Mining,
Uttarakhand

2 Proposed Seismic Network:
The tentative locations of proposed stations surrounding the mining sites are given in Fig. 1. Eight

Broadband seismographs are regiored to monitor the earthquake activity from micro-earthquake size.
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It is necessary to place the stations around the seismic activity to be monitor for proper identification

of the earthquake event and its appripraite source characterization.

Figure 1. Map showing mining sites in Chamoli, Bageshwar and Pithoragarh along with proposed seismological
stations (red triangles) plotted over high resolution satellite image prepared by IIRS, Dehradun

(Mining points locations are provided by Uttarakhand state Geology and Mining Directorate)

In the present study, the earthquake activity has to be monitored in and around the mining locations in
Chamoli, Bageshwar and Pithoragarh of Uttarakhand, the information provided are provided by

Uttarakhand state Geology and Mining Directorate. This local seismic station network is proposed to

3
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cover all the mines locations for reporting earthquake activity to the micro-earthquake size. Atleast

one station is close to the locations of the mines so recording all the earthquakes.

3. PROPOSED WORK PLAN
Field Work:

(i)

(i)

(iii)

(iv)

Site selection/ Finalisation for installation of the instrument

Monitoring of earthquake activity requires a seismograph network with seismic stations
located within and around the study region. According to the requirement by Directorate
of Geology and Mining, Uttarakhand, eight seismic stations are planned with tentative
locations shown in Figure 1. The seismic station is required to be installed on a hard
bedrock to extract the seismic signal with the highest signal-to-noise ratio (SNR) at the
proposed site. Therefore, a survey will be performed to select and finalize the location of

the seismic stations.

Noise survey on the selected sites and installation of the instrument

For the finalization of the seismic station, there is a requirement for noise survey at different
points of the proposed site. After site identification, seismic data will be recorded by the
seismic instrument to obtain the noise level and assess the signal strength. The site will be
finalized to qualify the standard level of recording the micro-earthquake activity. The
instrument will be installed on a concrete pillar erected from the hard bedrock to enhance
the SNR.

Specification of the Seismograph and the components of the seismic station

A broadband seismograph will be installed and each station will include the following
components

a) Seismic sensor

b) Data Acquisition System (DAS)

c) Batteries, Solar panel and charge controller for continuous power supply

d) IGM/GPRS system for data communication from remote stations.

Extracting and archiving the seismic data
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The seismographs will be installed to record the continuous seismic data at each seismic
station. This data will record all the earthquake events of the detection level of the seismic
network. The seismic network is planned in such a way that it can record high-quality
micro-earthquake data for all the earthquakes of magnitude 1 and higher size to occur at

the mining site and around within ~30 km radius.

Laboratory Work:

(i)

(i)

(iii)

To download the continuous data from the digital seismographs

Continuous seismological data will be extracted and archived at Institute headquarter
Dehradun through the GPRS communication system. Extraction and identification of
earthquakes mainly of micro-earthquake size require scanning of continuous-time series of
each seismograph on a regular and daily basis. Data from different stations will be

combined and processed for further analysis.

To identify the different seismic phases from the extracted seismic data

The location of the earthquake and the calculation of its source parameters depends on the
identification of different seismic phases from the extracted digital waveform data (Kumar
et al., 2021). Computer-developed codes/software will be used to process the digital
waveform data and identify the seismic phases. The main phases e.g., the P-wave and S-
wave are important seismic phases for the earthquake location. These phases are used to
evaluate the earthquake source location and the origin time of the earthquake occurrence.
The maximum amplitude and related period of body and surface waves is used to calculate
the size of the earthquake. The data will be analysed in time and frequency domains to
obtain the waveform data for the quantification of the earthquake.

Processing the phase and amplitude data for earthquake location and obtaining the
different parameters

Continuous seismic data recorded by these stations will be processed to extract the
earthquake data. Continuous data will be collected through GPRS system (wherever
possible) at central recording station for processing and archving. The earthquake data will

be extracted based on signal strength denoted for a reasonable period. Earthquake data
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extracted from each station of a particular period will be combined for retrieving the
required information of induced seismicity of the mining sites. After processing this data
the information on the seismic activity of the region will be provided after each month. To
retrieve the data regularly and process it for the MEQ one project assistant is required.
Earthquake parameters such as origin time, epicenter, focal depth and magnitude are
obtained using the combined data set. Seismic activity parameters such as hypocenter and
a & b values from the Gutenberg-Richter relation will be obtained for the study region from
the data recorded during the survey period of the project.

Earthquake swarm activity

Assessment of background seismic activity is important for any changes related to the
mining operation. The enhancement of earthquakes relative to background seismicity can
also be quantified in the form of swarm activity which can be realted to any unusual activity
A swarm of earthquakes is a sequence of mostly small earthquakes with no
identifiable mainshock. They are usually short-lived but can continue for days, weeks,
or sometimes even months. They often recur at the same locations and in this case
close ot the mines. The occurrence of such events in a single location raises significant

concerns regarding the structural integrity and public safety of that region.

Seismo tectonic linkage and delineation of tectonic features

The hypocenters of the earthquakes reveal close association of seismic activity with the
tectonic faults of the study region (Hajra et al., 2021). The identification and location of
the earthquake are important to delineate the sub-surface geometry of the faults.
Identification of micro-earthquake activity increases the number of events manifold and
therefore this data is very useful for the identification of the tectonic features of the study
region. However, the reliability of earthquake location depends upon phase data of an
appropriate number of stations. The signal strength decreases with the decrease of the size
and identification of phases is difficult for small magnitude earthquakes. Our experience
indicates that eight stations installed at 20-30 km distances from each other can detect the

earthquake for the proper location close to magnitude 1.
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Submission of the report

As proposed, detailed report of the MEQ all the work will be submitted to the Directorate of
Geology and Mining, Uttarakhand for clearance of seismic design parameters of the project
and presentation of MEQ studies.
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Recommendations for Identifying and Monitoring Mining-Induced

Land Surface Deformation in and around Bageshwar-Pithoragarh, Uttarakhand

In response to the interim order dated 08 November 2024 passed by the Hon’ble National Green
Tribunal in the Original Application No. 78/2023 of Durga Singh Panwar vs. State of
Uttarakhand and others, the Industrial Development (Mining) Department, Govt. of
Uttarakhand has constituted an Expert Committee for recommending guidelines for evaluating
ecological and environmental stability of various geo-tectonic zones in Uttarakhand to study
the impacts of mining operations in the light of seismic stability of the region. On this backdrop,
the committee has recommended conducting a Satellite Differential Interferometric Synthetic
Aperture RADAR (DInSAR) based land surface deformation study in and around the
Bageshwar-Pithoragarh mining leasehold area to identify mining-induced land surface

deformation affected areas, if any.

Study Area:

The study area includes in situ mining leasehold areas and neighbouring habitat regions in
Bageshwar, Pithoragarh and Chamoli (Ghat), Uttarakhand, to evaluate the present status of
land surface deformation potentially due to mining operations. Since the precise leasehold
outlines are not available for all the mining locations, the point locations of mining are placed
on a high-resolution satellite image (Fig. 1a). Further, in an extended view, the leasehold areas
available for the mining locations in and around Bageshwar are shown (Fig. 1b). Both the point
locations of mining and leasehold outlines are provided by the Uttarakhand State Geology &
Mining Directorate.

Data Requirements & Availability:

For time series DINSAR processing, systematic acquisition of Synthetic Aperture RADAR (SAR)

data pairs with interferometric capability will be required. Moreover, for monitoring land surface

deformation, time series data stacks acquired at a regular interval will be required. Presently, X-band
TerraSAR-X/TanDEM-X data from DLR-Germany and Cosmo Skymed data from ASI-Italy, C-band
RISAT-1A data from ISRO-India, RADARSAT Constellation Mission (RCM) data from CSA-
Canada, and Sentinel-1 data from ESA-European Union, and L-band ALOS-2 PALSAR-2 data from

JAXA-Japan are available for DInNSAR-based land surface deformation measurements. Out of this,

Sentinel-1 data have been, in general, acquired systematically with a regular time interval of 12 days

1
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since 2017 and are freely downloadable. Other satellite-based global SAR data with interferometric
capability have limited time stack acquisition or are commercial in nature, expensive and required to
procure in ‘Future Programming” mode. Sentinel-1 data are available in ascending and descending
orbits for all the three study areas (e.g., Bageshwar , Pithoragarh and Chamoli-Ghat areas) as follows

(Table 1), and all the data can be freely downloaded from time series DINSAR processing.

Fig. 1(a): High resolution satellite Maxar multispectral colour composite image (ArcGIS
base map) showing in situ mine locations in Bageshwar, Pithoragarh and Chamoli (Ghat)
areas, Uttarakhand.

(Mining point locations are provided by Uttarakhand State Geology & Mining Directorate)
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Fig. 1(b): High-resolution satellite Maxar image showing lease-hold areas (green
outlines) of mining in and around Bageshwar, Uttarakhand.
(Leasehold outlines provided by Uttarakhand State Geology & Mining Directorate)

Table 1: C-Band Sentinel-1A scenes available for DInSAR-based land surface deformation
measurements in three study areas

Study Area Bageswar Area Pithoragarh Area Chamoli (Ghat) Area
Imaging Specifications :

Orbit Node Descending Ascending Descending Ascending Descending Ascending

Subswath IW3 IW3 IW3 W1 W1 IW3
(look angle) ~40°-44° ~ 40°-44° ~ 40°-44° ~29°-35° ~29°-35° ~ 40°-44°
Polarisation VV/VH VV/VH VV/VH VV/VH VV/VH VV/VH

No. of Scenes
During 2017-2024 143 235 143 01 64 235
During 2021-2024 120 119 120 01 61 119

IW3: Interferometric Wide Swath, Sub-swath: 3; IW1: Interferometric Wide Swath, Sub-swath: 1
VV: Vertical-Vertical; VH: Vertical-Horizontal
Data can be freely downloaded from: https://search.asf.alaska.edu/#/
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Data Processing Methods:

Spaceborne differential interferometric SAR (DINSAR) has been considered to be the best-
suited technique for obtaining spatially continuous land surface deformation at the centimetre
to sub-centimetre level. In general, conventional DINSAR is used to measure event-based land
surface deformation (e.g., co-seismic deformation, landslide, mining subsidence) for discrete
time-frames in the order of a few centimetres to a few tens of centimetres over an area of 10s
of km x 10s of km (Massonnet et al., 1993; Chatterjee et al., 2015, 2016). Recently, wide-swath
interferometric SAR data pairs acquired in ScanSAR and TOPSAR imaging modes have been
advantageously used for studying land surface deformation over a large spatial extent (Fielding
et al., 2013; Pranjal et al., 2021). Further, for detecting and monitoring slow deformation and
for characterising the time series deformation history aimed at addressing the nature of
deformation, Advanced DINSAR (ADInSAR) technique, such as Persistent Scatterer INSAR
(PSINSAR), Small Baseline INSAR (SBAS) and their variants (Ferretti et al., 2001, 2011;
Berardino et al., 2002; Werner et al., 2003; Perissin and Wang, 2012) are considered most
suitable as such advanced techniques eliminate most of the limitations of conventional DINSAR
which enables to detect, monitor and characterise deformation. Hence, it is recommended to
adopt an advanced DInSAR technique such as PSINSAR or SBAS InSAR for detecting,
monitoring and characterising land surface deformation potentially due to mining, if any,
during the last couple of years (e.g., 2021 till date) and to reveal the present status of land
surface deformation in and around the mining areas. The precision of measurement in DINSAR-
based deformation results (cdispi.) depends on the phase measurement uncertainty or standard
deviation of phase (o) and radar wavelength (1) which amounts to a few millimetres only. The
quality of deformation rates of the advanced DINSAR techniques (e.g., PSINSAR), however,
depends on the residual phase variance of the pixels, controlled by the temporal coherence of
the data stack.

Deliverables:

The deliverables of the study should include: (1) present status of land surface displacement in
and around the mining areas of the study area, (2) cumulative land surface displacement map
during 2021-2024 for the three study areas (e.g., Bageshwar, Pithoragarh and Chamoli). (3)
land surface deformation history for a couple of significantly subsiding areas in and around the

mines for characterisation of mining-induced subsidence.



711 21

References:

Berardino, P., Fornaro, G., Lanari, R., Sansosti, E., 2002. A new algorithm for surface
deformation monitoring based on small baseline differential SAR interferograms, IEEE
Transactions on Geoscience and Remote Sensing, 40 (11), 2375-2383.

Chatterjee, R.S., Singh, K.B., Thapa, S., Kumar, D., 2016. The present status of subsiding land
vulnerable to roof collapse in the Jharia Coalfield, India, as obtained from shorter temporal
baseline C-band DInSAR by smaller spatial subset unwrapped phase profiling, International
Journal of Remote Sensing, 37(1):176-190.

Chatterjee, R.S.,Thapa, S., Singh, K.B., Varunakumar, G., Raju, E.V.R., 2015. Detecting,
mapping and monitoring of land subsidence in Jharia Coalfield, Jharkhand, India by
spaceborne differential interferometric SAR, GPS and precision levelling techniques, Journal
of Earth System Science, 124 (6), 1359-1376.

Ferretti, A., Fumagalli, A., Novali, F., Prati, C., Rocca, F., Rucci, A., 2011. A New Algorithm
for Processing Interferometric Data-Stacks: SqueeSAR. , 49(9), 3460-3470.

Ferretti, A., Prati, C., Rocca, F., 2001. Permanent scatterers in SAR interferometry. IEEE
Transactions on Geoscience and Remote Sensing, 39(1), 8-20.

Fielding, E.J., Sladen, A., Li, Z., Avouac, J.P., Birgmann, R., Ryder, I., 2013. Kinematic fault
slip evolution source models of the 2008 M7.9 Wenchuan earthquake in China from SAR
interferometry, GPS and teleseismic analysis and implications for Longmen Shan tectonics.
Geophysical Journal International 194(2), 1138-1166.

Massonnet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K., Rabaute, T., 1993.
The displacement field of the Landers earthquake mapped by radar interferometry, Nature 364,
138-142.

Perissin, D., Wang, T., 2012. Repeat-Pass SAR Interferometry with partially coherent targets.
IEEE Transactions on Geoscience and Remote Sensing, 50(1), 271-280.

Pranjal, P., Kadiyan, N., Chatterjee, R.S., Kumar, D., Sati, M.S., 2021. Interpreting land
subsidence impacts due to groundwater depletion using remote sensing-based GRACE gravity
anomaly and DINSAR technique: a study on north-western parts of India. Environmental Earth
Sciences, 80 (596).

Werner, C., Wegmuller, U., Strozzi, T., Wiesmann, A., 2003. Interferometric point target
analysis for deformation mapping. IEEE International Geoscience and Remote Sensing
Symposium. Proceedings (IEEE Cat. No.O3CH37477).



712 22

1.0 Introduction

Slope stability in open-pit mines located in hilly and mountainous terrain is a matter of
critical importance, particularly in geologically sensitive and seismically active regions such
as the Himalayas. Ensuring the stability of both mine slopes and waste dumps is essential not
only for the safety of workers and equipment but also for maintaining economic viability and

minimizing environmental impact.

In these terrains, steep slope angles, highly variable geological conditions, and active
tectonics significantly increase the risk of slope failure. Such failures can have far-reaching
consequences—including injury or loss of life, damage to equipment, operational delays, and

adverse effects on nearby communities and ecosystems.

Given the complexity of Himalayan geology—with its fractured rock masses, fault zones, and
high rainfall-induced infiltration—mine slopes that appear stable under dry conditions may
become unstable during periods of saturation or seismic activity. Therefore, a detailed and

multidisciplinary investigation is essential to understand and mitigate slope stability risks.

This report outlines a comprehensive methodology for investigating mine slope stability
using an integrated geological, geotechnical, and geophysical approach. The circulars of

Director General of Mines Safety (DGMS) must be followed in the mining opearation.
2.0 Objective

The objective of this investigation is to assess the condition of the rock mass, subsurface
characteristics, and potential failure mechanisms that could affect the long-term stability of

mine slopes. The methodology has been divided into three major components:

e Geological Investigation
e Geotechnical Investigation

e Geophysical Investigation
3.0 Methodology

3.1 Geological Investigation
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The geological investigation aims to establish a thorough understanding of the site's

lithology, structural geology, and weathering profile.
3.1.1 Desktop Study

o Compilation and review of existing geological maps, past investigation reports, and
remote sensing data, including satellite imagery and aerial photographs.
o Analysis of regional tectonic settings and historical landslide events in the vicinity of

the project area.
3.1.2 Field Geological Mapping

e Detailed field mapping of pit slopes and adjacent areas, at scales ranging from 1:500
to 1:2000.

o Identification and documentation of lithological units, contacts, alteration zones, and
structural features such as faults, folds, joints, and bedding planes.

e Measurement of discontinuity orientations using compass-clinometers.

o Preparation of geological cross-sections to interpret subsurface conditions.
3.1.3 Rock Mass Classification

e Classification of the exposed rock mass using systems such as:
o Rock Mass Rating (RMR)
o Slope Mass Rating (SMR)
o Q-System for slopes
o Geological Strength Index (GSI)
o Estimation of rock quality and mechanical behavior for input into slope stability

analysis models.
3.1.4 Photogrammetry and Remote Sensing (if applicable)

e UAV-based aerial photography and photogrammetric processing to develop high-
resolution Digital Elevation Models (DEMs) and slope face models.

o Extraction of structural features in inaccessible areas using 3D data.
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3.2 Geotechnical Investigation

The geotechnical component focuses on determining the mechanical behavior and physical

properties of soils and rocks that influence slope stability.
3.2.1 Drilling and Core Logging

o Execution of borehole drilling along critical slope zones and future expansion areas.
o Recovery of continuous core samples for lithological and structural logging.
e Recording parameters such as Rock Quality Designation (RQD), core loss, fracture

frequency, and groundwater table depth.
3.2.2 Laboratory Testing

o Testing of representative rock and soil samples as per ASTM, ISRM, and BIS
standards.
o Tests include:
o Moisture content and specific gravity
o Atterberg limits (for soils)
o Slake durability and porosity
o Uniaxial Compressive Strength (UCS)
o Triaxial compression and direct shear tests

o Point load index and modulus of elasticity
3.2.3 Rock Discontinuity Survey

e Scanline surveys along exposed rock faces to quantify joint properties: spacing,
persistence, roughness, aperture, and infill.
o Stereographic projection and kinematic analysis to determine potential failure modes

(e.g., planar, wedge, toppling).
3.3 Geophysical Investigation

Geophysical methods complement geological and geotechnical data by providing insight into

subsurface conditions over larger areas and at depth.

3.3.1 Selection of Methods
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Appropriate methods to be chosen based on geological setting and depth of investigation:

o Seismic Refraction — to delineate weathered zones and estimate P-wave velocities.

o Electrical Resistivity Tomography (ERT) — to detect groundwater zones, faults, and
lithological variations.

e Multichannel Analysis of Surface Waves (MASW) — to determine shear wave

velocity profiles for evaluating stiffness and dynamic response.
3.3.2 Field Data Collection

o Establishment of geophysical survey lines both parallel and perpendicular to slope
faces.

e Deployment of geophones and electrodes at calculated intervals to achieve desired
investigation depths.

e Acquisition of high-resolution data using appropriate field instruments.
3.3.3 Data Processing and Interpretation

e Processing of seismic and resistivity data using advanced software tools (e.g.,
Seislmager, Res2DInv).

o Correlation with borehole data and geological observations to identify weak zones,
moisture pockets, or discontinuities.

o Integration of results into geological cross-sections and 2D/3D geotechnical models.
3.4 Integration and Modeling

o All geological, geotechnical, and geophysical findings are integrated into a unified 3D
slope stability model.
e Simulations are performed using advanced software tools (e.g., Slide2, FLAC3D,
RS2, Optum, Plaxis, Geo5) to evaluate:
o Factor of Safety (FoS) under static and dynamic conditions.
o Behavior of the slope under dry, saturated, and seismic loading.

o Potential failure modes and deformation patterns.

4.0 Slope Stabilization and Risk Mitigation Measures
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Effective slope stabilization and risk mitigation in mining operations, particularly in hilly and
seismically active regions like the Himalayas, require a combination of engineering solutions,

environmental management, and continuous monitoring.

4.1The bench slope angle, width of the bench, height of the bench, and ultimate pit slope
are crucial design parameters that directly influence the stability of mine slopes. Together,
these factors determine how safely the pit can be excavated, the risk of slope failure, and the
overall integrity of the mine. Here's how each of these factors serves as a controlling element

for slope stability

« Bench slope angle controls the immediate stability of each bench.

e Width of the bench influences load distribution and the safety of the working area.

o Height of the bench affects the pressure on the slope and the potential for rockfalls.

o Ultimate pit slope defines the overall stability of the mine's sidewalls and is crucial

for long-term operations.

In all cases, the interactions between these factors need to be carefully modeled and analyzed
using geotechnical and geological data, as well as stability analysis tools, to ensure a safe and

economically viable mining operation.
4.1 Drainage Management

e Design and implement surface and subsurface drainage systems to prevent water
infiltration, especially during the monsoon season.
e Use of diversion channels, rock drains, and horizontal drains to manage runoff

effectively.
4.2 Monitoring and Early Warning Systems

o Install instrumentation such as:
o Inclinometers for lateral displacement
o Piezometers for pore water pressure
o Crack meters and settlement markers
e Adopt advanced remote sensing tools like ground-based radar or satellite InSAR for
continuous, real-time monitoring.

o Establish a data-driven early warning system to trigger proactive responses.
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4.3 Controlled Blasting Techniques

e Minimize vibration-induced instability by using controlled blasting methods:
o Short delay blasting
o Electronic detonators
o Monitoring of vibration levels

o Optimization of blast patterns to reduce damage to the slope face.
5.0 Conclusion

In complex and geologically active terrains such as the Himalayas, ensuring slope stability is
a multifaceted challenge that demands a systematic and interdisciplinary approach.
Combining geological insight, geotechnical precision, and geophysical imaging allows for a
more comprehensive understanding of slope behavior. By integrating proactive monitoring,
smart drainage solutions, and modern blasting practices, mining operations can significantly
reduce the risk of slope failures—ensuring both operational efficiency and safety for

personnel and nearby communities.
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GEOLOGICAL ASSESSMENT AND RECOMMENDATIONS
» FOR SUSTAINABLE MINING PRACTICES IN BAGESHWAR
' DISTRICT

On 10.01.2025, the Honorable High Court of Uttarakhand issued
an order in relation to Suo Moto Public Interest Litigation number
174/2024, which concerns the developing cracks in houses, fertile lands
of villagers and drying up of water resources due to land subsidence in
some villages within the district. In compliance with the Court’s
directive, a mu\lti-organizational committee was established by the
Secretary of Industrial Development (Mining), Section-1, through
office order no. T1/VII-A-1/2025-09(118)/2024 on 11.01.2025 under
the chairmanship of Additional Director, Department of Geology and
Mining. The committee, consisting of two members from the
Geological Survey of India (GSI), four members from Department of
Geology and Mining (DGM), one member from Indian Institute of

Remote Sensing (IIRS), and two members from Uttarakhand Landslide
Mitigation and Management Centre (ULMMC).

In connection to ‘this,‘ the committee chairman convened a
meeting on 16.01.2025 at the DGM Office with the nominated
members from various departments to discuss the issue. During the
meeting, the chairman briefed the members about the High Court’s
order and informed that a detailed geological scientific survey report is
to be prepared to analyse and study all the forthcoming risk, which may
occur due to the mining operations. Based on this report, a revised,
more stringent mining policy will be formulated. To meet the objectives
set forth, the committee. members agreed that creating a
multidisciplinary database is crucial to evaluate the forthcoming risk.
The committee identified following key components to understand the
potential impact of mining operations: '

1. Mining Operation Data: This includes detailed information
about the nature and scope of mining activities, such as the lease
boundaries, current excavation areas, and the mining methods
adopted. Additionally, historical monitoring data of past mining
operations is crucial to understand slope modifications.

~

~
—
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. Detailed Contour Plan: A detailed contour plan, paired with
cross-sectional profiles, is essential for assessing mine design,

topography, and performing in-depth geological investigations of
each mine.

. High Resolution Satellite Data: High-resolution Digital
Elevation Models (DEMs) and ortho-rectified images of the
mines and surrounding areas to generate derivative maps.
Temporal high-resolution remote sensing data will be useful in
identify changes in slope morphometry and deformation over
time in the region due to mining activities.

- Geological Data: Large-scale geological mapping of each mine
is essential to understand the local geology and to prepare
geological cross-sections. This may also require shallow drilling
and geophysical survey at key locations to determine rock
overburden contacts and develop accurate geological cross-
sections.

. Geotechnical Data: Geotechnical analysis of slope forming
material to determine geotechnical properties to perform slope
stability analysis to unde;stand the slopes likely to be unstable
due to m1n1ng activities.

. Hydrological Data: Hydrolog1cal data on the availability and
condition of water resources, such as groundwater levels, springs,
‘subsurface flow lines, and surface drainage, is vital for assessing
how mining operatlons could impact local water distribution,
especially in terms of resource depletlon and their potentlal role
in land subsidence. ‘

. Thematic_ .Maps: Creating thematic maps, such as LULC,
geomorphology, slope-formmg materials (SFM), and slope
morphometry maps, "~ will bé necessary to develop a
comprehens1ve landsllde susceptibility map around the mines,
aiding in the assessment of potential hazards in the surrounding
areas. : | | |

. Debris Flow Modelling: Modelling of potential debris flow may
be required to identify areas at risk at downstream. This helps in
understanding potential debris flow events that may result from
land subsidence or. other mining-related disturbances.

. Risk Assessment Data: Finally, predictive models and scenario
analyses are needed to assess future risks associated with mining

2
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May 2019, but visible cracks appearing in January 2025
(Fig. 16, 17, 18 & 19, Plate-1). The ground cracks span
approximately 151 meters in length, with subsidence
ranging from 2 to 3 meters. Transverse cracks between 1
and 5 meters in length have also been noted in the field.
The imagery shows the progressive development of
landslides near the pit's periphery and the retrogressive
movement of ground cracks upslope, indicating ongoing
instability. This soil slide, occurring on agricultural land,
exhibits moderate movement and poses an immediate
threat due to its retrogressive nature. Additionally, a soil
slide on the western flank, measuring 21 meters in length
and 44 meters in width, has been observed. The removal of
toe support through mining activities, inadequate bench
height maintenance, and the dumping of loose debris have
made the slope increasingly‘vulherable.

Ground cracks with a total cumulative length of 170m
were observed on.the upslope of Nayal Dhapola Mine.
These ground cracks -are impacting an area of
approximately 51m from the mine's periphery (Fig. 20,
Plate-1). These ground cracks are likely to lead a big
landslide in near future. The ground subsidence of about 2
meters along with 2-foot separétion, having several small
longitudinal and transverse cracks were found (Fig. 21 &
22, Plate-1). The mine has been backfilled by dumping
loose waste material, makihg it impossible to generate a
slope profile to assess the causative factors and their
potential long-term impact. Additionally, the retrogressive
nature of the landslide suggests that it will soon affect the
agricultural land upslope, leading to further subsidence in
the northern direction.

The field observations reveal that the overburden material
from the Mangal Singh Dhami mine (located in upslope)
extends to the Dhaulinag mine (located downslope).
Google Earth imagery shows that the Dhaulinag mine did
not exist in August 2014 (Fig. 23, Plate-1). However, after

in
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activities triggered a landslide in March, 2019 due to toe
cutting (Fig. 24, Plate-1). By February 2021, the imagery
shows the landslide had retrogressed to the Mangal Singh
L ami mine, causing the overburden material to flow
along th landslide zone and merge with the downslope
mine (Fig. 25, Plate-1). This illustrates how mining
activities in the region contribute to the loss of agricultural
lands and potential risk to the mine workers.

5. Hydrological Condition: The committee conducted an
assessment of the hydrological conditions at the visited mines in
terms of condition of groundwater and surface drainage. The
observations on each aspects are as follows:

a. Groundwater condition: It was observed that in most of
the mines, seepage occurs at relatively shallow depths,
where the soapstone is encountered. “Soapstone, being a
metamorphic rock compbsed mainly of talc, chlorite, and
other minerals, typically exhibits low permeability. This
low permeability helps prevent the movement of
groundwater, allowing soapstone-bearing strata to function
as an aquiclude. However, this layer is punctured in most
of the mines resulting to seepage and leading to water
accumulation in the excavated pits and a continuous
discharge of groundwater. This ongoing discharge can
potentially lead to the. depletion of local groundwater
levels. The Himalayan region is known for having perched
water tables at different levels, and without a clear
understanding of their relative positions, it is challenging
to assess the long-term effects on water availability and
resource sustainability.

b. Surface Drainage: The committee observed that the
unplanned dumping of overburden material from the mine
into the surface drainage system is causing blockages and
diversions of nala courses. This improper disposal not only
¢ rupts the nat al flow of water but also leads to the
(D r with mine material, pote ially

11



' affecting water quality an?Q@urrounding environmen?)g
In the event of a cloudburst, the blocked drainage system
may exacerbate flooding risks, leading to severe damage to
downslope areas.

6. Reclamation methods adopted: The committee assessed a few
reclaimed land areas at different localities. In these locations, the
land was reshaped and contoured to blend with the surrounding
landscape through activities such as filling pits, grading slopes,
and creating terraces. However, the committee found no evidence
of studies or methodologies aimed at ensuring the long-term
slope stability of the reclaimed land, nor any measures in place to
provide additional support against gravitational forces. While no
ground deformation features were observed in the reclaimed land,
the committee recommends that the reclamation efforts be
reviewed by the relevant authorities to ensure they comply with
established policies. In the future, the instability of these
reclaimed areas may potentially lead to landslide or debris flows
due to t : dynamic geological and climatic conditions in the
region, which may pose s‘igniﬁcant risk to areas downslope.

CONCLUSIONS: In conclusmn the observed ground deformations,
including debris slides, ground cracks, subsidence, and rockslldes
across multiple mines highlight ‘significant risks to both the mine
workers and the surrounding  infrastructure. The steep excavation
practices, lack of adequate slope support, and ongoing mining activities
have contributed to these instabilities, with many sites showing signs of
retrogressive movement and further land loss. The presence of water
sources, such as streams and perennial nala, exacerbates the potential
for landslides and erosion, posing an increasing threat to mine workers
and nearby settlements. The field inspection of 61 mines across the
Bageshwar, Kanda, and Dugnakuri Tehsils in Bageshwar district
resulted in the following general observations:

1. In most of the mines, the magnesite is currently considered
waste, additional studies on improved extraction methods or
alternative uses of the mineral may potentially enhance its
economic value in the future.
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u Ram 4.156 Bhairuchaubatta Bageshwar | 29.86326328 | 79.84831526
Jai Shree Ganganath — : :
2 Minerals 3.834 Bhairuchaubatta Bageshwar | 29.85238866 | 79.85312125
Naveen Kumar S/0 Gopal
3 Ram 4.868 Bhairuchaubatta Bageshwar | 29.86422027 | 79.84459194
Shiv Shakti Mines and
4 Minerals 4.996 Biladi Bageshwar | 29.8608675 | 79.85496926
5 Khadak Singh Dafauti 4.944 Chauni Chamarthal Bageshwar | 20.8170578 | 79.83666993
6 Khimuli Devi, 13.355 ' Dhunga Patli Bageshwar | 20.81018092 | 79.81124929
7 Rudra Mines 4.292 Dunga Bageshwar | 29.80699764 | 79.81347202
8 Maa Chandika Mines 7.971 Dunga Bageshwar | 29.80997021 | 79.81247335
9 Rajesh Verma 13.167 Kholiya Gaon Bageshwar | 29.86786916 | 79.87458076
10 M/S Parvatiya Mines 52.340 Khunoli ‘ Bageshwar | 29.85204188 | 79.85649901
11 Agari Minerals 2.469 | Kumaldev(Bhairuchaubatta) | Bageshwar | 29.8635226 | 79.84688792
12 Kantilal Shah 8.450 Nayal Bageshwar | 29.82048873 | 79.83521941
Manish Nand Kishore
Aggarwal and Vimal Kumar ‘
13 Aggarwal 10.841 Nayal D.hapola‘ B Bageshwar 29.8533754 | 79.85546996
Inder Lal. Firm Name- | -~ -, ‘
14 Balaji Minerals - 4,168 Chakpahruda ‘ Dugnakuri 29.89738249 | 79.95902371
15 Parth Minerals 10.276 - Gumti Dugnakuri | 29.88667925 | 79.94064604
Diwan Singh Papola. Firm .
Name- M/S Shikhar ' ‘
16 - Soapstone 2.990 Kéf!i & Papoli’ Dugnakuri 29.90454323 | 79.94473919
Ramesh Singh Chauhan, |’
" 17 Nauling Minerals 4.994 " Kidai Dugnakuri 29.88562785 | 79.9508663
Nauling Minerals Laxman |
18 Singh - 1.500 Kidai ' Dugnakuri 129.89075986 | 79.95023526
19 | New Hills Mines & Minerals | 10.210 Kidai Chak Dhamigaon " Dugnakuri | 29.88554409 | 79.9516125
20 Praveen Singh Papola 10.007 Kirai Chak Dhamigaon ' Dugnakuri | 29.88612816 | 79.95496365
21 M/S NS Corporation . 86.519 Kiroli Dugnakuri | 29.90507247 | 79.95286012
Surendra Singh Bhauriyal :
22 & Govind Singh Dhami . 2.469 Mhauli Dugnakuri | 29.89495061 | 79.9739127
M/S Amba Mines & ‘ :
23 ~ Minerals 2.070 Oliyagaon Dugnakuri 29.88710278 | 79.9423828
Thakur Singh Gadia (Maa
24 Durga Mines & Minerals) 12.360 Pachar Dugnakuri 29.8873804 | 79.95650029

24
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wan Singh Papola. Firm F\742
Name- M/S Shikhar Papoll Lagga, Kafll &
Soapstone 2413 Udiyar Dugnakuri | 29.90273145 | 79.94599278
Balwant Singh Bhauryal 4.980 Raikholagaon Dugnakuri | 29.90033787 | 79.96290668
Mahesh Singh Bhauryal
S$/0 Balwant Singh
Bhauryal 5.800 Sirala Gaon Dugnakuri | 29.89867876 | 79.96110478
M/S Katiyar Mining 139.372 Surkali Gaon Dugnakuri | 29.90286819 | 79.96013737
Thakur Singh Gariya. Fim
Name- M/S Garia Mining
29 Cor. 2.330 Surkall Gaon Dugnakuri | 29.91366873 | 79.95559881
30 | M/SKB Mines & Minerals | 4.720 Tharaejiar Dugnakuri | 29.89971651 | 79.96279107
31 Harunath Mines 6.507 Adhyali Kanda 29.84888611 | 79.92323309
Bhuvan Joshi S/O Chandra
32 Mani Joshi 8.843 Bajina Kanda 29.82736704 | 79.89971046
Dinesh Singh Parihar S/O
33 Sheetal Singh Parihar 4.941 Bajina Kanda 29.82597314 | 79.90386195
34 Jagnath Minerals 3.840 Bakhet Kanda 29.82578181 | 79.90085634
35 Ganga Prasad Pandey 0.790 Banstoli Kanda 29.85443242 | 79.91887549
Rajendra Singh Nagarkoti v
S/0 Shri Bahadur Singh
Nagarkoti, Sh.Sanjeev ‘
36 | Kumar S/O Sh. SurgjBhan | 4.933 .| Banstoli Rajoli - / Kanda 29.85346317 | 79.91811929
37 Sher Singh Dhapola 1.450 'Dhépo'lasera [ " Kanda 29.82403625 | 79.91387593
38 Shri Ram Bharat Mines 10.320 Dhapoli -, , Kanda 29.81902743 | 79.87059556
39 Stuti Minerals Pvt.Ltd. ‘ 4:840 . ~ Dhapti L ] - Kanda 29.84518188 | 79.93169999
40 Fateh Singh Parihar 4,491 ' Ganduwa Sirmoli - ~ Kanda 29.85365936 L79.921 87673
41 Ummed Singh Kalakoti 4.790 . j Ganduwa Sir‘n‘wli’ " Kanda 29.8487473 W 79.92410492
Dhaulinag Mines & ’
42 Minerals '3.784 l Ganduwa Sirmoli Kanda 29.84947639 | 79.92507359
Mahesh Chandra Pant. ‘
Firm Name- M/S Sirmoli ‘
43 Mines Pwvt.Ltd. 4.590 G‘and‘uwa Sirmoli | Kanda 29.85108871 | 79.92509833
44 Darban Singh Parihar - 5.800 | Ganduwa Sirmoli | Kanda 20.84990862 | 79.92920996
Harish Chandra Kandpal ‘
45 | and Kailash ChandraBhatt | 3.687 { Jagthali Kanda 29.82506859 | 79.90586094
Jai Dholinag Mines. Firm
Name- Jai Dholinag
B 46 | Enterprises 4.270 Jaspur Kanda 29.84673164 | 79.92595743
Dev Bhoomi Mimnes
(Partner Mr. Ramesh
Chandra Pandey, Mr.
Umesh Chandra Pandey
47 etc.) 15.313 Kabhata Kanda 29.82095516 | 79.92691149
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o IS ERT SR -, ., 'Zﬁéll'gréﬁr faia 08.11.2024 & WY § Wfod fagys

Wit B WY e 28062025 B o w Fvfa R 9F 3 whe, deifre
fara (@) fmmT, Seorrave e @) argEar § e 01.07.2025 B GG S5
& BAT—

Iufefa—

A THodlo [Yf, Wew wm, o0 W TR g aee TR, SRS |

A TS een, Frerss, e @ e e, Javg |

Si0 WRAT TR eI, W Wi, SRTATS Ao wRE i vgu PR s, e |
311 SRohowre, T v /wew AT, o U6 whed R, SejE |

31 AU S, ST e, shelfie Rem (@) HTART—1, ITRIGTS IATE |

o~ W N =

5% § A Ui wRa afievy, 7 Red g A9 edeT e 78/2023
"Gl RE GAR T SaRrave oy 9 oMy § WRA ARw Rie 08 TGRR, 2024 B GHER A
TN B R I-fdad® &3 (Geo-Tectonic Zones) & wRRefi# W& walawoi
IR R G bRl & gy arel wrgufal @ q@eia @R (Seismic Stability) & SERA
%‘(j T faRws Wiy gt Reis 28 [, 2025 &) IR Recommendation ¥ In-situ @9 /I
g P el W arlad ) o @1 v fdle ORI @ wew Wi /WgE s, Tear
&RT Uxqa foram Trm—

(i) Micro earthquake monitoring must be conducted in mining prone areas
using a local seismic network.

(i) SAR based satellite technique must be employed to monitor ground
deformation caused by mining activities or slope subsidence.

(iii) Slope stability analysis of existing and proposed mining sites must be
carried out, and the findings should be reviewed by a recognized academic
or research institution of national repute. Mining plan must incorporate the
recommendations arising from this analysis. Furthermore, the state
government should implement a system of periodic field inspections to
ensure the effective execution of the Mining Plan on the ground.

SRIT fgal & g 2 99F 4 IuRed IaRmEvs Yy Friam Q1E, g
T GfaRvT YA afidber WIRERY U4 @ AR @ St sfteial @ fRer-fiwed swm
wawh ¥ vfofeq Al @) fisaq g R 9 @ folg foar mn—-

1 oy AFrwld i @99 831 @ Micro earthquake monitoring T BRI aifear
fewmera Yfdsm e, SEUgT (Wadia Institute of Himalayan Geology) @
A W PRl W |

2. SAR based satellite technique & fod WRA™ YR Wied WM, devgm
(Indian Institute of Remote Sensing) D A AT A |
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3. ¥ Il s @ a9 [ R 9 axuferm @) @ Slope stability
analysis & e84 ¥q RGN N WReE (111) TR AL, A, R

AT WU, TG FGA AR 1% G B F, QoG F L0 awel
|

o & Wit SuRer afeRal @1 g s FE gY 40% W g |

(qor qix i)
fa
IARIGTS MG
Aenfirs Rem (@) SFArT—1
e '"VII-A-1 /2025-09(104) / 2023

QG RAIG | e, 2025
yfaferf Frifoaa ®) <Erarl v smowes sEad 3g Y-
1. 70 Wl e, W0 9w ~Ter, STRETE, A |
2. Py, o W wfied e, sormavs |
3. Ve WiHE, I WY GaiaRer gAE e Witrevvl, SRS |
4. AW WfYa, ScREve waiker WReEv wd ygEe FriEm 918, <@g |
5. TS WTed |
3T 9,

(B YHIE [aR)
9 Wi
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