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INTRODUCTION

The development of a geological model for a tunnel project is an evolving process. It
is reasonable to expect that with each phase of the project, the model's accuracy will
improve. As new investigations are conducted, the overall knowledge base grows,
provided that previous investigations are accurately documented and accessible. Base
tunnels, in particular, require more extensive effort to refine the geological model.
Typically, for a tunnel project, the geologist conducts a desktop study, compiles a
geological map and sections, and then initiates drilling campaigns. In addition,
geophysical investigations, field and laboratory tests, and water monitoring programs
are sometimes carried out. Rehabilitation and Upgrading of Existing Road to 4
Lane with Paved Shoulder from Kolaka village to Nauni Chowk (Kolaka to
Dareota Village-Pkg IIA, Dareota to Daseharan Village-Pkg IIB & Daseharan
Village to Nauni Chowk-Pkg IIC) of NH 205 [Design Chainage — Km 28+800 to
Km 58+450, Design Length — 29.65 Km. The project is currently in the DPR stage,
and surface geological investigations have been completed. The geologist has
conducted surface geological mapping through geo-profiling, and based on this
study, an anticipated geological model has been developed. The desk study serves as
a crucial initial step in any site investigation program. Its aim is to review published
information and other relevant records concerning the region, area, and surroundings
of the project site. This includes examining geology, geomorphology, aerial
photographs, and other archival data.

The preliminary model was developed following geological field mapping, which
involved identifying the distribution of ground types and classifying the main
structures, such as folds, faults, and other discontinuities. As a result, the uncertainty
of the geological model at the tunnel level will be significantly reduced. During
construction, the geologist must regularly conduct face mapping.

Deep tunnels differ significantly from shallow ones, and creating a geological model
for them requires a considerably greater amount of time and effort. Detailed
engineering geological field mapping, including structural and hydro-geological
analysis, is crucial. With each design step, the prediction of ground behavior
becomes more accurate, providing greater benefits for construction.

STUDY DESK

A geological desk study is a crucial preliminary investigation typically conducted
during the pre-feasibility phase of a construction project. It involves reviewing
existing data on the site’s geology, hydrology, and soil conditions to assess the
project's feasibility and identify potential risks.

The key reasons for conducting a geological desk study include:

Identifying potential hazards: It helps uncover geological risks, such as landslides or
ground instability that may impact construction, allowing for risk mitigation
planning.




Assessing soil conditions: The study provides insight into soil type, depth, and
composition, essential for evaluating foundation suitability and excavation needs.

Estimating costs: It offers early cost estimates for site preparation and construction,
aiding in project budgeting and feasibility assessments.

Ensuring regulatory compliance: The study helps ensure the project meets local
geological and geotechnical regulations, including environmental impact
assessments.

For the project area, geological information was gathered from various sources,
including Geological Survey of India (GSI) papers and maps, and the area was
examined on Google Earth to understand its geological features.

PURPOSE

The purpose of this Geological Report is to summarize the site and surface data
collected during the surface study and reconnaissance survey investigations
conducted as part of the preliminary engineering efforts for Tunnel T-1, located at
the Shimla-Mataur Project under Package-IIA, IIB, and IIC in India.

The surface geological investigation was carried out along the planned alignment,
with NHAI conducting the preliminary engineering investigation. This involves the
Rehabilitation and Upgrading of Existing Road to 4 Lane with Paved Shoulder from
Kolaka village to Nauni Chowk (Kolaka to Dareota Village-Pkg 11A, Dareota to
Daseharan Village-Pkg I1IB & Daseharan Village to Nauni Chowk-Pkg IIC) of
NH 205 [Design Chainage — Km 28+800 to Km 58+450, Design Length —
29.65 Km.

The findings of this investigation are detailed in the "Geological Evaluation &
Assessment Report" for Preliminary Engineering. This document serves as the
foundational reference for the current project, compiled into the Geological Report.
The expert conducted the surface data collection and reconnaissance survey, which
forms the basis of the geotechnical investigation and has been integrated into this
matrix report.

This report aims to summarize the conclusions of the consultants’ work and compile
all surface data, including geomorphic and lithological information. The data from
this surface exploration, along with existing studies, was used to define the
geological matrix and anticipated geology along the tunnel alignment. The
geological details will guide the establishment of geotechnical parameters essential
for preliminary engineering.

PROJECT OVERVIEW

Rehabilitation and Upgrading of Existing Road to 4 Lane with Paved Shoulder from
Kolaka village to Nauni Chowk (Kolaka to Dareota Village-Pkg IIA, Dareota to
Daseharan Village-Pkg IIB & Daseharan Village to Nauni Chowk-Pkg IIC) of NH
205 [Design Chainage — Km 28+800 to Km 58+450, Design Length — 29.65 Km] are
indicated in Fig. 1.1 and fig. 1.2 below
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Figure 1.1: Plan Showing the Salient Characteristics of the Package I1A.
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GEOMORPHOLOGY

The area is part of the Siwalik foothills and Lesser Himalayas, with the western and
eastern sections respectively characterized by low to moderate relief. It features a
complex landscape of high mountain ranges, hills, and valleys, with elevations
ranging from 358 meters at Rautanwala to 2069 meters at Baridevi (Fig. 1.3). The
northern region has higher hill ranges, while the south-western part of the district
consists of lower, eroded hill ranges of the Siwalik. In the regions with high
Himalayan hill ranges, the valleys are narrow, deep, and have steep slopes that trend
north-south in the eastern part, gradually shifting to a northwest/north-northwest to
southeast/south-southeast orientation in the western part. Approximately 89% of the
terrain is moderately to highly dissected, with steep slopes ranging from 0° to 58°.
The badland topography is especially prominent in the hill ranges underlain by
Upper Siwalik rocks. Major physiographic features include longitudinal and
transverse V-shaped valleys, linear denudational hills, and mounds. Key geomorphic
features of fluvial origin in the area include fluvial terraces, channel bars, lateral
bars, active flood plains, and piedmont alluvial plains. These landforms have
developed through the normal progression of geomorphic cycles.

Geomorphological Map of T.S. No. 53A/16 Plate 6
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Solan district is situated on the Siwalik ranges and is part of the Lesser Himalayas,
featuring a varied landscape of hills, valleys, and a piedmont zone. The hill system
comprises seven main ranges: Naina Devi, Kot, Jhanjiar, Tiun, Bandla, Bahaurpur,
and Ratanpur. The lowest point in the district is around 290 meters above mean sea
level (AMSL), while the highest peak, Bhadurpur Hill, reaches an elevation of 1980
meters (AMSL). The elevation of the PKG-IIA and PKG-IIB Tunnels ranges from
1259 to 1823 meters.

The Sutlej River flows through the center of the district from east to west, entering
near Kasol in the northwest and exiting near Naila to the southwest, after covering a
distance of 90 km. The Sutlej is fed by several tributaries, with the three main ones
being Ali Khad, Gamrola Khad, and Seer Khad. Ali Khad, about 26 km long,
originates in Shimla district, flows through Bahadurpur Dhar, and joins the Sutlej at
Bilaspur. Gamrola Khad also originates in Shimla district, draining the Rattanpur
Dhar, and meets the Sutlej approximately 5 km downstream of Bilaspur. Seer Khad,
the third tributary, begins at Wah Devi, 10 km from Sarkaghat in Mandi district,
flows through Kot-Ki-Dhar and much of Ghumarwin Tehsil, and joins the Sutlej at
Serimatla Village, about 15 km downstream from Bilaspur.
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Figure 1.4: Project Location (Google Earth) PKG-IIA
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Figure 1.5: Project Location (Google Earth) PKG-1IB




REGIONAL GEOLOGICAL SETTING

PKG-IIA includes twin tunnels, approximately 3610 meters (LHS) and 3630 meters
(RHS) in length, for the highway tunnel between Shimla and Mataur. The tunnel
section of Package-IIA begins at Kolaka Village and ends at Dareota Village, located

about 35 kilometers from Shimla, Himachal Pradesh.
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Figure 1.6: Project Location Marked in Red

ive geological work in the Himachal Himalaya was carried out by
followed by McMohan (1882, 1883 and 1885). Gansser (1964)

gave the integrated approach towards stratigraphy and structure of this great
Himalayan mountain range (Fig. 1.7). Himachal Himalaya can broadly be divided
into two major geo-tectonic zones namely Lesser Himalayan Tectogen in the south
and the Tethys Himalayan Tectogen in the north respectively (Srikantia and

Bhargava, 1998).

Himalayan belt is divided into a number of tectonic units from

south to north based on the presence of major thrusts and predominant lithologies

extending through

the entire longitudinal range of the orogen (Gansser, 1964)

(Fig.1.7). At present, the Himalayas are divided into five widely accepted
lithotectonic units namely Sub or Outer Himalaya, Lesser or Lower Himalaya, Great
or Higher Himalaya, Tethys Himalaya and Trans-Himalaya or Indus-Tsangpo suture
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zone from south to north successively (Sharma, 1998). Larji, Shali and Deoban, the
three tectono-stratigraphic domains of Proterozoic age, are identified in the Lesser
Himalayan Tectogen of the Himachal Pradesh. The term Tethys Himalayan Tectogen
refers to the thick sedimentary sequence ranging from Late Precambrian (>600
million years) to the Cretaceous and Eocene (95-45 million years) extended to
further northeast after Greater/Higher Himalaya (Valdiya 1980, 2016). The Central
Crystalline Zone of the Himalaya represents a geanticline along the axis of the Great
Himalaya Range, a zone of progressive regional metamorphism and the principal
Himalayan orographic axis. It represents a tectonised basement which has undergone
multiphase deformation including high grade regional metamorphism, deformation,
migmatisation and intrusion of remobilised granite (Srikantia and Bhargava, 1998).
The Vaikrita, Jutogh and Kulu are the principal Proterozoic crystalline belts of the
Tethys Himalayan Tectogen.
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Figure 1.7: Map Showing Tectonic Divisions of Himalaya and the Foreland Basin on
South of Main Central Thrust (MCT) and the Siwaliks (After Gansser, 1964).

In the Lesser Himalayan Tectogen Paleogene rocks were developed. These are
Sirmur Group of rocks. The Sirmur Group is closely associated with the Mandi
volcanics of Sundernagar Group. The Mandi volcanics are tholeiitic lava flows
interstratified with minor quartz arenite and shale (Srikantia & Bhargava, 1998).
These volcanics are hard, massive with the development of vesicles and amygdules.
The amygdules are filled with quartz, epidote and minor calcite. The volcanics occur
as discontinuous exposures for a long distance (4hmad and Bhat, 1987). The general
trend of the flows is NW-SE with 50-60° northeasterly dip. Mandi volcanic rocks
occur in the Para-autochthonous zone of the Lesser Himalayas and comprise of
olivine-free basalts with sub-calcic plagioclase and subordinate andesites. The
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variation diagrams clearly show that these volcanics are derivative from the parental
magma of Alkali Basalt lineage (Kanwar and Singh, 1986).

Rapa and Nagal, 1984 have carried large scale mapping on 1:25,000 on the right
bank of the Beas River between Pandoh and Nahogi sections. They have established
the continuity of the Chamba, Manjir and Salooni formations into Nahogi Area,
where they brought out the synclinal core of the basinal closure of the Chamba basin.
An entirely new classification and nomenclature was proposed by Des Raj & Inder
Singh, 1990 for Vaikrita Group of rocks along with overlying Manjir and Katarigali
Formation during mapping of FS 1988-89 in parts of toposheet nos. S3E/1&2.

Group Formation Lithology Age
Quaternary Older & Newer | Unconsolidated to semi-
. . . Holocene
Alluvium consolidated gravel, sand, silt, clay.
Siwalik Lower, Middle Sandstone, shale, conglomerate Pleistocene to
& Upper Miocene
Sirmur Kasauli Grey sandstone, siltstone, shale
Eocene to
) . Miocene
Dagshai Maroon sandstone, siltstone
Mandi-Dalhousie Granitoid Biotite-muscovite granite, Palaeozoic
tourmaline granite, Granite gneiss
Katarigali Carbonaceous phyllite, slate and
quartzite
Manyjir Diamictite with sandstone and
intercalated argillites
Neoproterozoic
Simla Basantpur Argillite and siltstone with bands of
limestone and dolomite
Guma Shale, salt, grit and dolomite
Formation
Shali Sorgharwari Limestone
Mesoproterozoic
Khatpul Dolomite, quartzarenite and shale
Sundernagar | Maloh Purple quartz arenite, shale, slate Palacoproterozoic

phyllite
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Mandi volcanics Basaltic and Andesitic flows Palaeoproterozoic
Khokhan Phyllite, quartzite

Kullu Gahr Gneisses, phyllite

. . Undifferentiated

Khamrada Carbonaceous phyllite, quartzite Proterozoic (?)
Chamba Phyllite, slate

Vaikrita
Morang Schist, quartzite

Table 1.1: Generalised regional stratigraphy of the area (Ref: Geology and Mineral
Resources of Himachal Pradesh, Misc. Pub. 30, Part XVII, 2nd Revised Ed., 2012)

Himachal Pradesh is located in the Western Himalayas and is primarily composed of
Precambrian rocks that were formed and deformed during the collision between the
Indian and Asian plates, followed by the orogenic processes that created the
Himalayas. The region has a rugged terrain with elevations ranging from 320 m to
6,975 m. Around 60-60 million years ago, the Indian craton collided with Asia,
causing massive folding and pushing of rock sections. The landscape has since been
shaped by focused orographic precipitation, glaciation, and rapid erosion.

The elevation of Himachal Pradesh increases from southwest to northeast, with the
orogenic materials also varying in this direction. The region is divided into five
major tectonic units, represented by fault-bounded NW-SE trending belts (Figure
1.7). These units, from southwest to northeast, include the Indo-Gangetic Plain, Sub-
Himalayan Sequence, Lesser Himalayan Sequence, Greater Himalayan Crystalline
Complex, and Tethyan Himalayan Sequence.

The Indo-Gangetic Plain is a recent, active foreland basin made up of alluvial
sediments from the Himalayas. The Sub-Himalayan Sequence consists of sediments
deposited during the Miocene in the foreland basin. The Lesser Himalayan Sequence
was emplaced before the mountain-building processes began. The Greater
Himalayan Crystalline Complex represents a high-grade unit that moved southwest
from the hinterland, while the Tethyan Himalayan Sequence consists of strata formed
on the former passive margin of the northern Indian plate.

Himachal Pradesh is situated at the northeastern end of India, within the Himalayan
Mountain range. It is bordered by Pakistan to the west, China to the north, and the
Indian states of Haryana, Punjab, and Uttarakhand to the south.
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Figure 1.8: Geological Map of India Project Area Marked in Red
(Geological Survey of India (1998). Geological Map of India, & 7t
edition. Ministry of Mines, Government of India)
The Himalayan Mountain range was formed as a result of the collision between the
Indian and Eurasian plates, leading to the closure of the Tethys Sea. This mountain
range is composed of litho-tectonic zones, which are divided by thrust and normal

faults (Gansser, 1964).
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Himachal Pradesh is located in the Western Himalayas and is primarily composed of
Precambrian rocks that were deposited and deformed during the collision between India and
Asia, along with the subsequent orogenic processes that formed the Himalayas. The region
features rugged terrain with elevations ranging from 320 m to 6975 m. Around 60 million
years ago, the Indian craton collided with Asia, causing the massive pushing and folding of
rock sections. The landscape has since been shaped by focused orographic precipitation,
glaciation, and rapid erosion.

The elevation of Himachal Pradesh increases from southwest to northeast, with the orogenic
materials also varying in that direction. The region is divided into five major tectonic units,
forming fault-bounded NW-SE trending belts. From southwest to northeast, these are the
Indo-Gangetic Plain, Sub-Himalayan Sequence, Lesser Himalayan Sequence, Greater
Himalayan Crystalline Complex, and Tethyan Himalayan Sequence. The Indo-Gangetic
Plain is an active foreland basin composed of alluvial sediments derived from the
Himalayas. The Sub-Himalayan Sequence consists of sediments deposited in the foreland
basin during the Miocene. The Lesser Himalayan Sequence represents materials that were
emplaced before the mountain-building process. The Greater Himalayan Crystalline
Complex is a high-grade unit that has been moved southwestward from the hinterland.
Finally, the Tethyan Himalayan Sequence consists of strata deposited along the former
passive margin of the northern Indian plate.
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Figure 1.11: Geological Map of Himachal Pradesh.
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6.1  Indo-Gangetic Plain
The Indo-Gangetic Plain (IGP), situated at the southwestern edge of the state, is an
alluvial plain made up of sediments eroded from the Himalayan rocks. This area
serves as an active depocenter, receiving a significant sediment influx from major
nearby rivers. For example, the frontal Sutlej's Himalayan catchment has a high
average erosion rate of 1.8 mm/year, which contributes to a substantial sediment
load. Beneath the Indo-Gangetic Plain lie the generally undeformed strata of the
Indian Craton. These regions are all bounded on the northeast by the Main Frontal
Thrust (MFT).
6.2 Sub-Himalayan Sequence
The Sub-Himalayan Sequence, also known as the Siwalik Group, primarily consists
of sedimentary layers dating from the Paleocene to the Pliocene. These sediments
share a similar origin to those found in the Indo-Gangetic Plain. However,
sedimentation began before the India-Asia collision and persisted until the late
Miocene. During this period, the depositional environment transitioned from shallow
marine to continental.
. . Deposition
Age Lithology Unit Environment
Pleistocene- Siwalik
Miocene (11- . Sandstone, Conglomerate, Siltstone Continent
Formation
TMa)
Miocene (20- Dharamsala Gray Sandstone, Continent
13Ma) Formation Siltstone, Shale, Caliche
Latest Subathu Limestone, Shale, Minor Fine- .
Paleocene- . . Shallow marine
. Formation Grained Sandstone
Middle Eocene
Late Singtali
Cretaceous- g Limestone, Minor Quartz Arenite Shallow marine
Formation
Paleocene

Table 1.2: Stratigraphy (SHS)
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Two sub-groups have been recognized within the Sub-Himalayan Sequence: the
Paleocene to Eocene shallow-marine deposits and the Miocene to Pliocene
continental deposits. The older sub-group is represented by the Singtali and Subathu
Formations, while the younger sub-group is composed of the Dharamsala and
Siwalik Formations. These two sub-groups are separated by an Oligocene
unconformity, which suggests a period of non-deposition during the Oligocene,
possibly due to a temporary uplift of the Indian continent. During this time, the
region may have risen above sea level, possibly triggered by mantle upwelling from
the detachment of the Indian oceanic slab or the development of a forebulge due to
downward slab-pull.

The Sub-Himalayan Sequence has been thrust southwestward at a rate of 10+6
mm/yr along the Main Frontal Thrust during the Quaternary. Within this sequence,
rocks have been extensively thrust and accreted, forming the Sub-Himalayan Thrust
Zone in southwest Himachal Pradesh (Fig. 1.11). The unit is capped by the Krol
Thrust and the Tons Thrust.

6.3 Lesser Himalayan Sequence (LHS)

The Lesser Himalayan Sequence is primarily composed of metasedimentary rocks,
metavolcanic rocks, and augen gneiss. These strata were initially deposited as detrital
sediments during the Paleoproterozoic to Cambrian periods and were later
metamorphosed into rocks of greenschist and amphibolite facies. This sequence is
bounded at the top by the Main Central Thrust and can be divided into four distinct

units.
Age Unit Formation Lithology Note
Tal
Formation
Krol Group Sandstone,
Shimla i
Neoproterozoic- Outer Slltstoqe, Exposed at the South,
: Lesser Group Dolomite,
Lower Cambrian . . Southeast Part of the State
Himalaya Basantpur Limestone and
F . Shale
ormation
(Mandhali)
e Exposed at the
b Uttarkashi and
Deoba Group | gijiciclastic Narkanda Half-
Paleoproterozoic | Parautocht | Damtha And Windows
-Neoproterozoic | hon Group Carbonate « Part of the Inner Lesser
Rocks )
Himalaya
Paleoproterozoic Berinag e Rocks Were
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Group Sericitic Quart Metamorphosed Under

z- A Greenschist
Arenite With Facies Condition
Metabasalt o Part of the Inner Lesser
Intrusion Himalaya
o The Munsiari Group is
also Named Lesser
Grniie | Himalan Contin
Wangtu Augen Gneiss a
. Munsiari . . e Experienced Amphiboli
Paleoproterozoic Jeori Paragneiss,
Group . : te
Mica Schist

Facies Metamorphism
Between 11 And 6 Ma
(Miocene)

6.4

6.5

Table 1.3: Stratigraphy (LHS)
Greater Himalayan Crystalline Complex (GHC)

The Greater Himalayan Crystalline Complex, also called the High Himalayan
Crystalline Sequence, consists of high-grade metamorphic rocks dating from the
Paleoproterozoic to Ordovician. This complex, 4.5 to 8 km thick, includes
Paragneiss, schist, and orthogenesis, with leucogranites concentrated at the top. The
metamorphic grade increases upwards, showing staurolite, kyanite, sillimanite, and
migmatite zones. Peak metamorphism occurred around 23 million years ago, with
temperatures reaching 750°C and pressures of 8 kba.

Tethyan Himalayan Sequence (THS)

The Tethyan Himalayan Sequence comprises Neoproterozoic to Cretaceous,
fossiliferous sedimentary strata interlayered with Paleoproterozoic to Ordovician
igneous rocks. At the base of this unit, Baragaon granitic gneiss having an age of
1840 Ma has been identified.

Unit Formation Note

Sedimentary Rocks

Giumal-Chikkim o Consists Of Sedimentary and
succession Low-Grade Metasedimantary

Tandi Group Rocks
Thaple-Muth-Lipak e Deposited at the Northern
Boundary of the Indian
Continent

succession
Parahio Formation

Haimanta Group

Igneous Rocks Early Paleozoic granitoids | e emplaced in  Cambrian-
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Neoproterozoic granite
Baragaon granitic gneiss

e ca. 830Ma
e ca. 1850Ma

Ordovician, peraluminous wit
h mafic enclaves[12]

Table 1.4: Stratigraphy (THS)
PROJECT GEOLOGY

The rock formations occupying the district range in age from pre-Cambrian to
Quaternary period. The generalized geological succession in the district is given

below: -
GROUP FORMATION LITHOLOGY AGE
Channel Alluvium Grey micaceous sand, silt and gravel
Newer Alluvium |y gifferentiated Sand, gravel, silt and clay Holocene
Quaternary Deposits
Older Alluvium Brown silt, sand, laminated clay with | Middle to Late
concrete nodules or beds Pleistocene
Upper Siwalik Soft sandstone, sand rock, clay and
boulder conglomerate Middle to Early
Middle Siwalik Sandstone, clay and gravel bed Pleistocene
Lower Siwalik Sandstone and sandy clay
Kasauli Green micaceous sandstone and
interbedded greenish purple shale Late Placocene
Sirmur Dagshai Red to purple clay, siltstone and to .Early
intraformational conglomerate Miocene
Subathu Olive green shale, limestone and
quartzite
Kakra Variegated shale, intercalated Plaeocene
limestone with basal laterite
Baliana Infrakrol Dark grey pyritous shale and Neo-Proterozoic
subordinate quartzarenite Vendian
Sanjauli Shale, siltstone, greywacke and
conglomerate
Chhaosa Shale, siltstone, greywacke and
Simla orthoquartzite Neo-Proterozoic
Kunihar Shale, siltstone and stromatolitic
limestone
Basantpur Platy to massive limestone, fissile

shale, siltstone and quartzite

UNCONFORMITY
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Shali

GROUP FORMATION LITHOLOGY AGE
Darla Tattapani Massive to schistose metabasic flows | Meso-
Volacanics with occasional beds of quartzarenite | Proterozoic
and phyllite
UNCONFORMITY
Parnali Cherty stromatolitic dolomite,

quartzite, limestone

Makri Purple and green slate, quartzite and Meso-
cherty dolomite Proterozoic
Tattapani Pink grey cherty dolomite

(stromatolitic) and shale

Table 1.5: Stratigraphic Succession of the Project Area (Highlighted in Red Colour).

71

Geologically, the region is primarily composed of Proterozoic and Tertiary-aged
rocks, including the Shali Group, Darla-Tattapani volcanics, Simla, Baliana, Sirmur,
Siwalik, and both Older and Newer Alluvium groups (Fig. 1.13). In the northern part
of the area, the Shali Group and Darla-Tattapani volcanics are folded into a
significant NW-SE trending syncline. The region is crossed by three major thrusts:
the Bakhalag, Dehar, and Gambhar thrusts, which run from southwest to northeast.

Simla Group

The Simla Group in this area includes the Basantpur, Kunihar, Chhaosa, and Sanjauli
formations (Table 1.5). The Basantpur Formation unconformably rests over the
Darla-Tattapani volcanics and is in tectonic contact with the Shali Group. In the
southeastern part, the Simla Group is thrust over the Infra-Krol Formation. The
Simla Group is in gradational contact and unconformably overlain by the Baliana
Group.

Chhaosa Formation

The Chhaosa Formation, which overlies the Basantpur Formation, consists of thinly
laminated shale, siltstone, wacke, and orthoquartzite. This formation is a thick,
rhythmic sequence of shale, siltstone, and greywacke, which transitions upward into
a coarser clastic sequence found in the Sanjauli Formation. Exposed east of Arki ki
Khad, the sandstones in this formation are fine- to medium-grained, parallel-
laminated, and occasionally show low-angle cross-lamination. Features such as flute
casts, load casts, and current ripples are common, indicating rapid deposition by
traction currents.

The Kunihar Formation is characterized by a sequence of shale, siltstone, and
stromatolitic limestone.

Geology along the Alignment

The geological map of toposheet no. 53A/16, at a scale of 1:50,000, was obtained
from the Geological Survey of India, Chandigarh. This map was compiled during the
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50K GMS series and later updated with data from the 1:25,000 scale Siwalik map
created during the 2016-17. The map provides a detailed geological overview (Fig.
1.14). To better understand the lithological exposures, the geological map was
overlaid with a grid reference map, dividing the area into 2km x 2km cells for site
selection.

In areas where conglomerates are present, the region is highly prone to landslides.
However, areas with shale, slate, sandstone, dolomite, limestone, quartzite, and
phyllite are controlled by discontinuity orientations and can fall between stable and
unstable zones depending upon orientation of slopes and joints. Sections along the
alignment where Quartzite rocks, sandstone, and dolomite occur are relatively stable,
but joint orientations form wedges, causing rock falls on the highway. The Slopes
with high angle and unfavorable joint orientation may cause landslides which can be
prevented while using proper remedial measures. Slope protection will be necessary
along the cutting sections.

The Solan region, part of the Lesser Himalayas, experiences landslides due to its
geologically brittle terrain, compounded by heavy rainfall and other natural and
human-induced factors. Mountain roads, which are vital infrastructure, suffer
significantly from landslides, disrupting regular traffic, particularly during the
monsoon season. These events have a negative impact on road networks,
communications, and economic or development activities. Landslide occurrences in
the project area have been increasing, with most incidents happening during
extended periods of rainfall.
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Geological Map of Toposheet No. S3A/16 covering parts of Solan, Shimla and Bilaspur Districts, H.P.
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Figure 1.14: Geological Map of Solan Shimla and Bilaspur Districts, H.P.
Project Area Marked in Red (Source: GSI, Chandigarh)
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e Drainage Map

The drainage map was created by digitizing the streams from the base map (toposheet
53A/16) of the area at a scale of 1:50,000. The map is further divided into 2km x 2km
grid intervals to identify potential sample collection locations. Points for stream
sediment, slope wash, soil, and water samples, obtained using a GPS device, were
plotted on the drainage map using ArcGIS software. This map is essential for
planning and selecting sites for stream sediment sampling.

The area is part of the Sutlej River drainage basin, with the Gambhar River being its
primary tributary, flowing from southeast to northwest. The Gambhar River is joined
by several smaller streams, including Kuthar Nadi, Dabar Khad, Kuni Khad, and
Kohaj Nala (Fig. 1.14). The drainage pattern is predominantly dendritic to trellis in
shape. The Gambhar River follows the Gambhar Thrust in its lower reaches,
indicating structural control of the drainage system. On the drainage map, the
catchment area is outlined, and water sample collection points are marked on a 5' x 5'
grid, with each grid representing a specific water collection point within the basin
area (Fig. 1.16).
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Drainage Map of T.S. No. 53A/16 with Sample Location Points Plate 2

1 T
T6°45'0"E 76°55'0"E TT°0'0"E
Qi i N
g £
2 =
I~ & |
- | &
g £
=
& =
76°450°E : " ' S -
l ]
Scale
Index o ‘ . a
18t arder ®  Stream sedimentsamples o L Km
——— 2nd order * Sol (R&C)
Al oteier O Composite Cell No.
Svpmer Composite Cell 2 x 2
5th order
6th order E Flow Direction (Source: OSM of T.5. No. 53A/16)

Figure 1.15: Drainage Map of Solan Shimla and Bilaspur
Districts, H.P. (Project Area Marked in Red) (Source: GSI)
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Figure 1.16: Drainage Map of Solan Shimla and Bilaspur
Districts, H.P. (Project Area Marked in Red) (Source: GSI)

Digital Elevation Model Map

A Digital Elevation Model (DEM) is a specialized dataset that represents the terrain
relief by showing elevation variations across a surface, essentially providing a 3D
representation of the terrain. The DEM for the area was created using ArcGIS
software with data from the Shuttle Radar Topography Mission (SRTM), which was
downloaded from the Bhuvan store, NRSC (Fig. 1.17). The elevation in the region
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ranges from a minimum of 358 meters above mean sea level in the southwestern part
to a maximum of 2069 meters above mean sea level at the northern peak. Tectonic
contacts, including thrusts, as well as antiformal and synformal axes, are also marked
on the map.

Morphotectonic and Digital Elevation Model of T.S. No. 53A/16 Plate 4
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Figure 1.17: Digital Elevation Model
(Project Area Marked in Red) (Source: GSI)
During the field investigation along the tunnel alignment, the primary rock types
encountered were shale/slate and dolomite/limestone, with quartzite and sandstone
also present. The identification of these rock types was based on visual inspection,
and geotechnical investigations are still ongoing. The rocks in the portal area are
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categorized as poor to fair quality, requiring special treatment in the tunnel design.
Throughout the alignment, no rocks of very poor quality were observed, but caution is
needed during tunnel construction, as the rock classes range from poor to fair.

The Geological Strength Index (GSI) has been applied for rock mass classification
along the proposed tunnel, as it is an effective system based on rock mass
observations. It combines two key parameters of geological processes: (i) blockiness
of the rock mass, and (ii) the condition of discontinuity surfaces.

Based on the current rock mass conditions, the classification corresponds to
disintegrated rock mass in Hoek’s GSI chart, characterized by highly interlocked,
fractured shale and slate, mixed with dolomitic/limestone and quartzite rocks. The
discontinuity surfaces range from slightly rough to smooth and are moderately to
highly weathered. Combining both the structure and surface condition, the GSI is
estimated to range between 20 and 50.

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSlI = 35. Note that the table does not
apply to structurally controlled failures.
VWhere weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
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Figure 1.18: Geological Strength Index for Jointed Rocks.
Seismicity
The Seismicity Map of India reveals a higher concentration of earthquake epicenters
along the Himalayan arc and the adjacent Indo-Gangetic plain. This region stands out
globally, as other areas do not exhibit such a pronounced concentration of seismic
activity.
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The figure below shows the Seismic Zoning Map of India, highlighting the location of
the project area.
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Figure 1.19: Seismic Zoning Map of India (Project Area Marked in Red)

Each Seismic Zone has been characterized by a Basic Horizontal Seismic Coefficient
and a Seismic Zone Factor, table 1.6
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Seismic Zone Basic Horizontal Seismic Zone
Coefficient Factor
I 0.08 0.40
II 0.05 0.25
11 0.04 0.20
v 0.02 0.10
\% 0.01 0.05

Table 1.6: Basic Horizontal Seismic Coefficients

Values and Seismic Zone Factors in Different Zones
According to the Amateur Seismic Centre (ASC), Himachal Pradesh is predominantly
situated in the Himalayan mountains, specifically in the Punjab Himalayas. Due to its
location, the region experiences numerous mild earthquakes annually. Significant
earthquakes have occurred throughout the state, with the largest being the 1905 Kangra
Earthquake. Major geological features such as the Himalayan Frontal Thrust, the Main
Boundary Thrust, and several other thrusts, including the Krol, Giri, Jutogh, and Nahan
thrusts, are found in this area. Additionally, there are several smaller faults, such as the
Kaurik Fault, which triggered the 1975 earthquake. However, it is important to note that
being near faults does not necessarily equate to a higher seismic hazard, as earthquake
damage is influenced by various factors, including subsurface geology and adherence to
building codes.

The Seismic Zoning Map of Himachal Pradesh, along with the location of the project area, is
shown in Figure 1.20. As depicted, the PKG-IIA site is situated in Zone IV. The Seismicity
Map for Himachal Pradesh highlights the significant concentration of earthquake epicenters
in this region.
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5. No.| Neme of Distrct |  S6SM | Itensty MSK IXor | MSK VIl %
1 Kangra V1V 98.6 1.4
2 Mandi V/IV 97.4 2.6
3 Hamirpur V/IV 90.9 9.1
4 Chamba V/IV 63.2 36.8
5 Kullu V/IV 53.1 46.9
6 Una V/IV 37.0 63.0
7 Bilaspur VIV 253 74.7
8 Solan VIV 24 97.6
9 Lahaul & Spiti V/1IV 1.1 98.9
10 Bilaspur V/IV - 100
11 Shimla V/IV --- 100
12 Sirmour V/IV --- 100

Table 1.7: Districts of Himachal Pradesh with Seismic Intensities

From the above information, it is evident that the region experiences frequent
earthquakes and is highly susceptible to seismic events. Over the past two centuries,
major earthquakes in the Himalayas have occurred at an average interval of
approximately every 30 years. The area under investigation, located within the sub-
Himalayan belt, has been the site of one of the four largest earthquakes of the past
century.

GEOMECHANICAL OBSERVATION POINTS

Geomechanical observation points are used to characterize the lithology and
fracturing in specific areas. At each observation point, in addition to describing the
land mass, parameters such as joint distribution and other structural features are
recorded. This information allows for:

Generating family orientation charts for wedge calculations, either on slopes (using
the Rocscience Swedge program) or in tunnels (using the Rocscience Unwedge
software).

Determining the Geomechanical classification index (RMR, Q) for the observed area.

A total of 20 Geomechanical observation points have been established at accessible
outcrops along the project area. During site visits on September 18, 2024, and September
19, 2024, 11 and 9 Geomechanical observation points were recorded, respectively, along
the tunnel alignment (PKG-IIA) to assess the lithology and structural measurements. The
photographs taken at these locations were positioned using high-resolution aerial imagery
with GPS and compass data, marking the rock outcrops. The locations of these
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observation points are indicated with ‘G, GOP’ symbols in the images, with red symbols
representing the locations from September 18, 2024, and blue symbols from September
19, 2024. These locations are shown in Figures 1.21 to 1.24.
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Figure 1.21: Location of GOPS
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Figure 1.22: Location of GOPS
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Location of GOPS (1 to 3).

Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Darcota Village section of NH-205 (Design Chainage
Km28+800 to Km.33+175, Design Length - 4,375 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (03} on Hybrid Annuity Mode (Package

Date:
18.09.2024

Rocl Mass Description

Light brownish colour weak Shale with highly fractured.

GOPNO.: 1
Mapped by

Ground Warer Comditions

76961629
291,96£20 m’

Diry To Damp

MF

Onentation 1 2 3 5
é— Condition of Dhscontinuhies
u 82| = 7 § " 2
B 3 i - =| 2 i | & & Remarks & Water
;_!o- & a iy = z g z @ g = c Conditions
5 a3 = W - 8| 8 @ o z
5|l e | 2| 8| .l 5 £ 35| 5| 2 | £E| § |8 £
& e |lal|ld|&| g Z gdl 2| 2 | B 2 |E 3
a =5 = 7 Jd| & 2 & =4
330 | N 0.06-02m <5 Wel to Dry water
| RO 12 | 5t 5 MW- | Damp condition have been
360 I3 | 25 | HW | Dry observed at the
60 14 exposed oul crop
ROCK MASS CLASSIFICATION & JOINTS ORIENTATION
Rock Mass Rating (Rieniawski, 1989) Qvalue (NG, _| [GEOLOGICAL STRERGTH INDEX (631 5 B
UCs: 2 4 ROD: 15| | FOR JOINTED BLOCKY ROCK MASSES §| 2 o
: X L]
ROD. 3 5 In: 12 thology, struclure and observed i 5|8 i
J-Spacing: 5 3 I 3 Y surface , estimata tha ‘k: s £ &
Stnditions 1 s K 2] | avsrsge Gt base on e descricrs i 3 g H :
y E - the row and colamn ings. Altemativesy n
anditions: 7 I T 066 | ¢ aged FQD values a6 Joir Conditan § § a g 5| 8
J-Orientation: -10] -12 : 28] | ratings {from Bieniawski, 1988), estmats :ﬂ: ] % § E E
BNV, 16) 34 Q: 0.50| | B3l =15 JCond,,* RODZ based on the ] s k-] o E B
[men stales atached to the chart azes 5 £ 5 E I E
GSI= Dy RMRMS = 14 31 Corcelation Poiiuspnae s umolia s g § E E 58 E
ot N - e chi or beittle spalling potental, For
Qovilue (BarondS) = 0005 0.086 AR Rarmas s sparsely [ointed ok wih G81> 75, falwe. ©| & | £ 2| 35| Za
Qvatue (Hicnimwskif = 004 033 | RME (Ricninwskigd) = wil be controlled by stucturally defired blocks | £ ] Ea| B2
or wedges The Hosk-eown crierion should 2| _ 3 ZE| <%
ot ba used for aither of thess conditions 8 E: 4 : g; §§:
This chart appiles o tunoals of about 1M | B 5 " e | 2g |2 E
span and slopes < 20 m high. For larger = ;E 8% eh |EEE Egg
cavams and siopas consider raducing 851 & gi ZE 8 o g 2
to @ocount for decraasing biock inferiocking & | &o [daB8 |568
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Figure 1.26: GOP No. 01




Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Darcota Village section of NH-205 {Design Chainage
Km2§+800 (o Km.33+175, Design Lengih - 4.375 Kkm) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (O) on Hybrid Annuity Mode ( Package
1)

Rock Mass Description Tight hrownish colour Sandstone fine o medium grained fractured sandstone. GOPNO.: 2
Date: Mapped by

18.09.2024
Gremnd Water Conditions Dy To Tramp MF

ROCK MASS JOINT CONDITIONS
F]
Condition of Discontuuities

2

(=
w

Ohrientation 1

Remarks & Water
Conditions

Dnip Direction

Discontinuily Type
Lithology

Prrsistance {m)
Sepration (mim)
Roughness
Weathering
Giround Waler
Codinion

ROD (%)
Spacing {m)

ucs

65[310
&0-85|360 2 0.06 - 0.2 m
2 5t025| <25 SLR-R|
B5[100 IE]

25-35(135 14

Wet to Dry water
condition have been
observed at the exposed
out erop.

3 10 10{1-5 mm| =5

Sandstone

2%

ROCK MASS CLASSIFICATION & JOINTS ORTENTATION

Rack Mass Rudlng (Bieniuwskl, 1959} O-value {(NGL 2013) BEDLOGICAL STRENGTH INDEX |GSI)
E =X (GS
Ues: 2 4 RQD: L 20| | FOR JOINTED BLOCKY ROCK MASSES.

e 2 ] Jo 1y 121 From the iihology, struchure and observed
T-Spacing 5 3 ar: 2 E surtace conditions, estimate tha
JCondinons: 7 16| Ju: 3 2| | averaga G5l based on the descriptions in
W Condit = . the row and colemn haadings. Alternativaly
l;“-L\.\mhlums. 7 10] Tus: 0.6«? O.ﬁf sy AQD vakues and Joine Concition
It w2 swe[ 23] a5 m,mgsi\-ﬁm Bisniewek, 1006), natimatn
MR 16 34 0: i 046 | [ B3I =1.5 JCondy, + ROOZ based on the
scabes altached 10 the chart anes.

Comrelutions
CiSE = Dy RMB -5 - 14 l Correlatinn For -nL‘!: or massfve rock with GS‘I: 75
e 5 3 ! F 47 chack for brittie spaling polential For
U-\alu.eu.innons‘f; D005 0.086 &\Ilf.{ I_t.aamvz!‘!_‘ | :h 47 sparsaiy [civiad tock wih GS1 > 75, fsilurs
Qrvalue (Bieninwskib®) = 0.04 033 HMB (Bienimwskib®) = 25 40 will be eontralied by structuraby defined biocks
or wedges The Hosk-Brown crilerion should
ot be usad for aither of thasa conditione
This chart apglies to tunnels of about 10 m
span and siopes < 20 m hygh. For largar
cavems and siopes consider reducing G5|
%0 account for decreasing block inferiocking

STRUCTURE DESCREASING SURFACE QUAL

Highly weslhered surfaces with compact

ings of angular fragmants

RY GOOD

Vary rough, frash unweathensd sufeces
Shekansiden, highly wasthared surtacss with saf slay

Smooth, moderstaly wesihersd and stsred surlsces
coatings of infillings

SURFACE CONDITIONS
VERY POOR

FAIR

POO
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) i

| BLOGKY « weil ntaroceed

| undisturbed reck mass made
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thvas sats of imersacting oints

| VERY BLOCKY - nterlocked,

paally disturbed rock mass,
| mult-aceted snguler tiocks

foemed by 4 or more jont sats

4
ROOMR

BLOCKY, DISTURBEDSEAMY

2 - foided wih sngulart blocks farmed
| by many Intersecting joint sals.
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Figure 1.27: GOP No. 02
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NII-205 (Design Chainage
Km28+800 to Km.33+175, Design Length - 4,375 Km) on Shimla - Mataur corvidor in the Siate of Himmchal Pradesh under NH (0} on Hybrid Annuily Mode {Package

TA)
Rock Mass Liescripl Laght ¢ ash colour week shale/Slate with highly i i, GOPNG.: 3
Drate: Mapped by
18092024
Ground Water Conditions | Dry To Damp MF

ROCK MASS JOINT CONDITIONS

Omentalion 1 2 3 4
Condrtion of Discontinuities

n

Remarks & Water
Conditions

[ip Direction
Luthology

GOP Point
Discontinuity Type

Persistance (m)

RQD (%)
Spacing {m)
Sepration {mm)
Roughness
Infilling
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ucs
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ROCK MASS CLASSIFICATION & JOINTS ORIENTATION

Rock Mass Rating (Rieniawski, 1989) Orvaloe (NGL 2013) GEDLOGICAL STRENGTH INDEX |GS))
UCs: 4 ROD: § 15] | FOR JOINTED BLOCKY ROCK MASSES

5
Bl 3 3 I L= 12} | From the Ithology, stiuecture and cbserved
J-Spacing 5 § Ir 2 3 | disconbinuity surftace condilions, estimata the
J-Coanditions: 7 16 Ia: k) 2| | averags G5 based on e tescniptions in
W T 5 e row and column hesdngs. Allamatiesly
W -(.r?mtm s 7 10 Jw 0,66 064 o | RQD values and Jsint C.endiBon
I-Urientation: -0 -12 SRE: 2.3 2.5] | ratings (from Bianizwski, 1983), estimate
MR 16 31 [ 06| 50| | G31=15 JCondy+ RODIZ based on the
Carralatinns scalas sffached to lhe chart axes

GEL= Dy RMR, 5= 14 28 Correlation For irtact or massne rodk with G5 = 75,

) . iy e check for brittia spalling potential, For
- s 5 A 2
Qevalue (Bunend3) - 0005 0054 RMR (Bartont5} a2 45 sparsely [ointed rock with G51 > 75, fallurs

Qevalue (Bienimwsbast) — 004 0.24 BMR (Bienimwskit®) - 18 38 will be contralled by strciuraly dafined blocks
or wedges The Hoek-Brown critenon should
not be used for aither of these conditions

This chart applies fo tunnels of about 10 m
span and siopes < 20 m high. For larger
cavems and shpas sonssder a8l
to account for decreasing biock inbaviccking

STRUCTURE DESCREASING SURFACE QUALITY C— >
7
BLOCKY - wat nteriocked & / |

uncrsturbed rock mass made |
/ o /:

RO

Shckanaidad, highly waathersd surdfaces wilh soft clay

coatings or infllings

Wery rough, fresh unwsathered surfeces

Rougn, slightly wealherad, mon-stained surfaces
Smodlh, moderalely weathersd and iiered surlaces
Shckensided, highly weathared surfsces with compact
confings or fillmgs of angular fragments

SURFACE CONDITIONS
VERY GOOD

POOR

VERY FODOR

FAIR

GOoD

up of cubicsl biocks fommed by
three sats of itiersecting jints.

VERY BLOCKY - nieriocked,
partially disturbad rock mass.
multi-faceted angular blocks
formed by 4 or more joint sels

REASING INTERLOCKING
%
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B
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g
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Figure 1.28: GOP No. 03
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Constroction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205 {Design Chainage
EKm28+800 to Km.33-+175, Design Length - 4.375 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NI (0) on Hybrid Annuity Mode (Package.

1mA)
Rock Mass 1 ipti Tight 1 igh colour week Shale/Slate with highly 1. Folds have heen vhserved. GUFND.: 4
Date: Mapped by
18.09.2024
Ground Water Conditions | Dry To Damp MF

ROCK MASS JOINT CONDITIONS

m

Orientation 1 2 3

F]
Condition of Discontinuities

Remarks & Water
Conditions

GOP Point
ip

Tip Direction
Lithology

Discontinuty Type
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Codition

Roughness

RQD (%)
Spacing (m)
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ucs

Tl a1 Wel to Dry waler condition
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ShakeSlae exposed oul crop. Folds
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exposed rock mass,

dn
£
o

5 2 [swas| <28 _na 3 : L 5
4 65]315 2 |Sw2s| <25 | 006-02m [Iwie o0 | S = isr

=
¥
¥
i3

T3-B0[300 13

ROCK MASS CLASSIFICATION & JOINTS ORIENTATION

Rock Mass Rating IB.lf"nmsh 1989} OQevalue (NGT, 2013) . GEOLOGICAL STRENGTH INDEX (BS1)
LS. 4 RO 5 15] | FOR JOINTED BLOCKY ROCK MASSES
- : 5 2
ROk 1a: 1 21 | From the fihciogy, structure and observed
J-Spacing: 2 k] suface astimats s
I-Conditions: 3 7| | averaga GS) basad on the cescnptions
S . tha row and cofumn haedings. Afemativaly,
oW 7| n X .
FW-Conditions lf Tm| D86 uj“ from Ingged RQD values ang Joint Condition
T-Cinentation -1 -12 SRT: 25 2.5] | ratings (from Baricwski 1588), estimate
MR, 16 n Q| 006 0.50] | GBI =15 JCond,, + RO based o the
scalas aflached io the chari axes

) i I )
n

muracas with soft alay

Corcelations
G0 = (D WG )-S5 - 14 28 Courelation For imlact of massw rm\mr._GSI » 78,
Qevalue (Buston93) = 0008 0.054 RMR (Barwon®$)= 31 45 i ’“‘]"’fﬂm&?““g i
Qovalue (Rieniawskiga) - 0.4 024 RMR (Biemuwskifs) = 18 3% wil be controiad by strucsrally dafinad blocks
or wedges, The Hosk-Brown oritesion should
ngt be Used for aithar of these conditions

This chart applies to lunnels of about 10 m

, highly

coatings of infilings

Suckensided, hignfy westhered surfaces with compact

J coalings or filings ol angular fragments

!

SURFACE CONDITIONS

Vaory rough, fresh uvweathoned sutaces

Rough, shghtly weathemd, iron-stainad surfaces
Bmooth, modersiely weathered and alered surfaces

VERY GOOD
3000
POOR
VERY POOR

FAIR

%o account for decreasing blodk interinoking
STRUCTURE DESCREASING SLRFACE QUALT

BLOCKY = wall intariocked
uridisturbed rock mass made
up of cubical biocks formed by
thres sats of inersanting jnints

VERY BLOCKY - intertocked,
partially disturbed rock mass,
mulli-facsted angular blocks
farmed by 4 or more joint sels

BLOCKY, DISTURBEDVSEAMY

| = folded wih angular blocks formed
by many ribersacting joint sets
Persistence of beddng pianes of
schistosity
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Figure 1.29: GOP No. 04
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Constraction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205 (D esign Chainage
Km28+800 to Km.A3175, Design Length - 4.375 Km} on Shimbs - Mataur corridor in the State of Himachal Pradesh under NH (0} on Hybrid Annuity Mode {Packsge.

11A)
Rock Mass Déscription Light brownish colour week shale/Slate with highly fractred. Having Staining and rusting along joint GOPNO: 5
Date: plangs, Folds have been observed. Mapped by
18.09.2024
Ground Water Conditions | Dy To Damp MF

s
Latitude: 31.1
Longitude: 76 961066
'Elevation: 133721211 m -
‘Accuracy: 8.4 m
ITime: 09-18-2024 14:35.
Note: GOP NO. 5 : e g -
ROCK MASS JOINT CONDITIONS
Orientali = 1 2 3 4 ]
& Condition of Discontinuifics
=] = —
= = H &
] 3 £ = E . e Femarks & Water
g = E] El = i @ | i
= ) = g ] 8 = 5
= & % g @ g i = g |2s Conditions
= Zo | , g 20 % | 8| € g z
5] o =] = 4 8 ‘?é E— ] = 3 ]
[=] =] & b i & | E |99
I
s [ p
360 a5 ) )
= % 3110 1-5 | SLR- Exposcd rock mass is
5 0320 12 Si2s| <25 000 x 159 Tom Sm MW- [ Dump- |Shale/Slate Folds have Wel Lo Dy Waler
»liio s X 4 : W | Dry |been observed. Condition. Folds Have
Been Ohserved,
0|70 14 13
ROCK MASS CLASSIFTCATION & JOINTS ORIENTATION
Rock Mass Ruting [Bifniunsld. 1989) Qvalue (NGI, 2013) ] BEOLDGICAL STRENG T NDEX 05 7 :
ues 2 4 ROL: 3 15} | FOR JOINTED SLOCKY ROCK MASSES g a T
Lo 3 L n: 1 120 1 From the iihlogy, stuchae and observed H 5| @ g
TSpucing 5 [ T 2 3| | tiscontiuty surtace coneitions, estimata tha i & g
TConditions: 7 16 T 3 3| | average GS1 based Dn::d_s uss::ium n . ] § S :
oy Et f = 1he row and column headirgs matively = -] .
GW-Londitions: 7 ] Jwl el oes| |00 D valies ot ik Coat 5 g s § H ‘Qz
J-Orianratinn: -10 -12 SRF: 25 25 ratings (from Bisniawski, 1885), astmate E 4 E E 5
ROMRy ] 1T o[ 6| 0.80] | GSI= 15000, + RODZ tased on the o b g ﬁ
o — scales alteched 10 the chan axes 5 E E i -
orrelniians z : £ 5 i
GSI = Dy RMR 5 - 14 28 Currelation For nkxna( miassve rock wilh GSIF-‘ 75, @ E § § 2 ag
value (Bi = 5 ; SR AT AR chack for Dritlle spaling polential, For 5
(4 \.s.lu.L M.!.mmfslﬁl 0005 0.054 IL\H.K [ljl.u.un..?SJ 31 45 ® jcinted rock wih GS1 > 75, faiurs § g E 5 s -
Qvalue (Bienimorski®9y = 0004 024 | RMR(Bienjawskil®)= 18 38 will b contrelied by structurally defined biocks 5 5 £ H %g e
or wadges. The Hoek-Brown critsrion should E oy > § 5 &=
nat be used for efther of ihese condiions ol 8% £ 5 §§:§
o E
This chart apsies 10 tunneds of sbaut 10m 03 8; » " n_:gg
apan and slopes < 20 m figh, For [arger x T Qg‘_ xﬁ x E ’35
caverns and siopes consider reducing G5 § gi 5 ZF |& i_! é Ja
to sccount for decreasing biock intericdiing 7 O | wot |dob i
STRUCTURE DESCREASING SURFACE QUALITY -
| BLOCKY -wellintertockes - |
| undisturbed rock mass made -4 %
| o of cublical blocks formed by~ X
| three seis of intersecting joints E
& 0
VERY BLOCKY - nierockad B
partally dishabed rock mass, 4
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formed by 4 or maore o sets §
] 3 sl
BLOCKY, DISTURBED/SEAMY & ®
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.| by many intersecting joint sets. =] 15
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Figure 1.30: GOP No. 05
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205 (Design Chainage
Km2B+500 to Km.33+173, Design Length - 4375 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (() on Hybrid Annuity Mode (Package.

1A
. - Liglht 1sh Colour Weak Shale/Slate with Lighly Fractured, [laving Staining and Rusting Along Joint |GOP NOL: 6
Date: Rl Mass Theaciitn Planes, Folds Have Been Ohserved, szpper-{ by
18.09.2024 K
Gromnd Water Conditions  [Dry To Damp MF

S T T
ROCK MASS JOINT CONDITIONS

O ] 1 2 3 4
Condition of [isconfinuines

w

Remarks & Water
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ROCK MASS CLASSIFICATION & JOINTS ORIENTATION

Rock Mass Rating (Bicniawski, 198%) Q-value (NGIL 2003} GEOLOGICAL STRENGTH INDEX (GS1)
UCs: 4 ROmk i 15| | FOR JOINTED BLOCKY ROCK MASSES

R0, = iy L] 121 | From the lehoiogy, stuciure and observed
T-Spacing: & Je: 2 E] surface condions, estimate ha
J-Conditions: ] 16 Ta: 3 2 Iuhv:m fra“:sl tllmd un:: dascrplons n
W -Coni - . - row and calumn headings. ARermatively
oW f‘\l\u !ulnlw.. 7| 10 T [} ﬁr_; ﬂ_ﬁf ffom ogged RAD valuss and Joint Candition
Frisnmation: | -10] -12 SRY: L5 2.5 | ratings (from Bieniawski, 1988) astimats
[ L 14! kil 0 006]  0.50] | GSI=15 JCond, + RODZ based on the
Cornalstions: scales aftached to the chart axes
Gl = (D RMRE 5= 14 18 Correlation For miact or massam rock with GS| > 78,
Q-valie (Bamonds) = D005 0.054 RMR (Bartonds)= 32 45 m;:‘n;: s £ by
Qoalie (Biegiwskits )= 0.04 024 | RMR(Bicoimskiss)= 18 38 wil b coniroliad by siruclurally dafined blocks
orwedges: The Hok-Brown oriieion should
ot be wsed for aither of thess conditions.

This chart appiies to funnels of about 10 m
span and slopas < 20 m high Far Iarger
cavems and siopas consader raducing G5/
1o socount for decraasing blodk inferingking,

STRUCTURE DES!

Y I 2 )
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ceatings of infilings

Smoolh. moderslely weathersd an0 alterec surfaces
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BLOCKY, DiSTURBEDISEAMY
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DECREASING INTERLOCKING
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locked, heavily broken mak mass
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Figure 1.31: GOP No. 06
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205 (Design Chainage
Km28+800 (o Km.33+175, Design Length - 4.375 Km) on Shimla - Mataur corrider in the State of Himachal Pradesh under NH (0) on Hybrid Annuity Mode (Package.

LAY
Rock Mass Description ngh.x brownish colour weak Shale/Slate with highty fractured. [laving Staining and rusting along joint GOPNO.: 7
Date: planes. Mapped by
18.09.2024
Ground Warer Conditions | Dy To Damg MF
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Constroction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shonlder from Kolaka Village to Dareota Village section of NTI-205 (Design Chainage
Km28+800 (o Km.33-+175, Design Length - 4.375 Km) on Shimla - Mataur corvidor in the State of Himachal Pradesh under NH (€9 on Hybeid Annuity Mode (Package:

TIA)
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareata Village section of NTI-205 (Design Chainage
KmZE+800 1o Wm, 33+175, Design Length - 4.375 Km) on Shimla - Mataur corvidor in the State of Himachal Pradesh under NH (0) on Hybrid Annuity Mode (Packaged

TIA)Y
Rock Mass Descrintion Light Coloue Weak with Highly Fractured, Having Stoining and Rusting Aloog Joine |[GOPNQOL: 9
Date: I Planes Mapped by
18.009.2024
Ground Water Conditions | Dry To Damp MF

e i
ROCK MASS JOINT CONDITIONS

)
Condition of Disca

Remarks & Waler
Conditions

Grround Water
Lithelogy

Codition

GOP Point
Discontinuity Type

ucs

ROD (%)
Spacing (m)
[Length /
Persistance ()
Sepration {mm)
[Roughness
Infilling
[Weathering

A
un
]
?
-
=
g
e
da

Exposed Rock Mass 15
ShaleSlate Wet to Dry Warer
Condition,

E4
£

260 N ) 006 -02m | SR | = Damp-|
o |3 o 25 <23 :
150 12 ltod R HW | Dy

T0|350 13

A
1
2
g
=}

o
o
=

ROCK MASS CLASSIFICATION & JOINTS ORIENTATION

Rock Muss Ruting ( Bieninwski, 1959) Q-value (NGI 2013) GEOLOGICAL STRENGTH INOEX [G8)
Ues: 4 ROD: 5 1% | FOR JOINTED BLOCKY ROCK MASSES

g e e 1= 1211 From the khology, ssucture and otserved
T-Spacing: 8 Tr: 2 3 | discanteuty sutace condtions, estimate e
I-Condilions: 16 Tu: 3 3| | average G5l basad on the dawphn: n
J ifions v the row and column headings. ARematively
(_M-t_.?n -!m.?n 5 ? IE .|ut. D6 0.66 from logged ROD values and Joint Candition
J-C -10 -12 ERF: 25 2.5] | ratings tfrom Bisniowski 1580) astmate
RM R 16 31 O 06 0.50] | 651 =15 JCond,,+ RODZ based on the
Crrrelutions scales sflached 10 the chast axes.
GST= My RMRS= 14 28 Corelation For intact or massve rock with GS1 > 75,
w ’ = ’ 05} = e 5 check for brttie spalling potental For
Q2 m]u.o I}.'].lrkn!\}ﬁi 0005 (054 JELIIS f_f?i:mm..). .} ar 43 spansely jointed fock with GS1 > 75, falurs
Qevalue (Bieniawski39) - 0.04 0,24 |  RMR (Bieniawskig9) I8 38 Wil ba confrolied by sirLchurally defined biccks
or wedges. The Hoek-Brown critenon should
ok be used for either of these conditions
This chart appies to funnels of about 10 m
span and slopes < 20 m high. For largar
emdams and sopes consder reducing S|
o account for decreasing block inlarincking

STRUCTURE DESCREASING SURFACE QUALITY

BLOGKY - wall mteriochsd @ / /// / /
undisturbed rock mess made ! L L
A7
ko / 171

s n | s

coatings or infillings

Slickensided highly waatherad sufaces wilh soft clay

Sickens ided, ighly weathered surfaces with compact

coatings of Tillings of angular fragments

Smooth, modarately weatharsd and altsred surfaces

Very rough, fresh unweathered surfaces
Raugh, shghtly weatharsd, iron-stained surfaces

SURFACE CONDITIONS
VERY GOOD

GOOD

FAIR

POOR

VERY POOR

J

up of culical Dincks formed by
hres sats of inersacting jonts

VERY BLOCKY - inseriociond,
partually distiubed rock mass,
mutifaceted angular blocks
Tarmed by 4 or more joint seis

B
RODZ

0 .| BLOCKY, DISTURBEDVSEAMY

4| = folded wilh engulsr blocks formad
by many inlersacting it sets.
Pergistence of badang plares of
schistosity

DESINTE GRATED - pooely iver-
tockad, heavlly broken rock mass

- | with mudure of angutar and roundad
rock preces

DECREASING INTERLOCCKING

Figure 1.34: GOP No. 09
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Construction of Twin Tabe tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of N11-205 {Design Chainage
Km28+800 to Km.33+175, Design Length - 4.375 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH () on Hybrid Annuity Mode { Package]
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Yillage section of NIL-205 (Design Chainage
Km2B+800 to K, 33+175, Deslgn Lengih - 4.378 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (0) on Hybeid Annuity Mode {Package
MA)
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205
(Design Chainage Km28+800 to Km.33+175, Design Length - 4.375 Km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (O) on
Hybrid Annuity Mode (Package-114)
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Figure 1.37: GOP No. 01
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Villape to Dareota Village section of NH-205
(Design Chainage Km28+800 0 K 33+175, Design Length - 4.375 Km) on Shimls - Mataor corvidor in the State of Himachal Pradesh under NH (0) on
Hybrid Annuity Mode (Package-T1A)
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NIT-205
(Design Chainage Km2E+800 to Km.33+175, Design Length - 4.375 Km) on Shimls - Mataur corridor in the State of Himachal Pradesh under NH (O] on
Hybrid Annuity Mode (Package-1LA}
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205
(Design Chainage Km28-+800 to Km 33+175, Design Length - 4.378 Km) on Shimla - Maranr corvidor in the State of Himachal Pradesh under NH (0) on
Hyhbrid Annuity Maode (Package-TIA)
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205
(Design Chainage Km28+800 to Km.33+175, Design Length - 4375 Km) on Shimla - Mataor corridor in the State of Himachal Pradesh under NH {(0) on
Hybrid Annuity Mode (Package-TIA)
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Figure 1.41: GOP No. 13
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205
(Design Chainage Km28-+800 to Km 33+175, Design Length - 4.375 Km) on Shimla - Matagr eorridor in the State of Himachal Pradesh onder NH (O} on

Hybrid Annuity Mode (Package-11A)
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Figure 1.42: GOP No. 14
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Koluka Village to Dareota Village section of NH-205
(Design Chainage Km28+800 to Km.33+175, Design Length - 4.375 km) on Shimla - Mataur corridor in the State of Himachal Pradesh under NH (O) on
Hybrid Annuity Mode {Package-1LA)
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Figure 1.43: GOP No. 15
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Hybrid Annuity Mode (Package-T1A)

Construction of Twin Tube tunnel with appreaches for New 4 Lane with Paved Shoulder from Kolaka Yillage to Dareota Village section of NTI-205
(Design Chainage Km28+300 to Km.33+175, Design Length - 4.375 Km) on Shimla - Mataur corvidor in the State of Himachal Pradesh under NH (0) on
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Figure 1.44: GOP No. 16
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Construction of Twin Tube tunnel with approaches for New 4 Lane with Paved Shoulder from Kolaka Village to Dareota Village section of NH-205
{Design Chainage Km28+800 to Km.33+175, Design Length - 4.375 Km) on Shimls - Mataor corridor in the State of Himochal Prodesh onder NH () on
Hybrid Annuity Mode (Package-TTA)

Tight Greyish 10 Whitish Colour, Medium Strong, Medium Grained Dolomite. Open Joints have been GOPNO: 17
ohserved. Mapped by
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km.33+175 to Km 41+ 000,
Design Length — 7.825 Km) including twin tube tumnel, Package TIB in the State of Himachal Pradesh under NH (O) on Hybrid Annuity Mode
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Constroction of New 4 Lane with Paved Shoulder from Darcota Village to Dascharan Village of NI-205 (Design Chainage Km.33+175 to Km 41000,
Design Length — 7.825 Km) including twin tube tunnel, Package-1TR in the State of Himachal Pradesh under NH {0) on Hybrid Annuity Mode
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km.33+175 to Km 41+0040,
Design Length — 7.825 Km) including twin tube tunnel, Package IIB in the State of Himachal Pradesh under NH {0) on Hybrid Annuity Mode
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km 33+175 to Km 41+000,
Diesign Length — 7825 Km) including twin tube tumnel, Package-IIB in the State of Himachal Pradesh under NH (O) on Hybrid Annuity Mode
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km.33+175 to Km 41+000,
Design Length — 7.825 Km) including twin tube tummel, Package TIB in the State of Himachal Pradesh under NH (0) on Hybrid Annnity Mode
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km.33+175 to Km 41+000,
Design Length — 7.825 Km) including twin tube tunnel, Package-TIB in the State of Himachal Pradesh under NH (O} on Hybrid Annuity Mode
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Construction of New 4 Lane with Paved Shoulder from Dareota Village to Daseharan Village of NH-205 (Design Chainage Km 33+175 to Km 41+000,
Design Length — 7.825 Km) including twin tube tunnel, Package-TIB in the State of Himachal Pradesh under NH (0) on Hybrid Annuity Mode
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SLOPE STABILITY

The slope stability map was created using Shuttle Radar Topographic Mission
(SRTM) data from the Bhuvan Store, NRSC, and processed with ArcGIS software to
illustrate the gradient of the target area. The slope in the area ranges from 0° to 58°
(Fig. 1.54). The steepest slopes are found along the ridges, while the valley areas and
the stretch along the Gambhar River exhibit lower slopes. The majority of the area
has slope angles between 21° and 40°. The northern and northeastern parts of the
toposheet show steeper slopes, while the southern and southwestern areas have
gentler to moderate slopes.

Slope Map of T.S. No. 53A/16 Plate 5

31°10'0"N
!

imfn'a ; ean 1
Tndex Scale
(slope in degrees) QA 2 4 6 sK
™ ™ s ™ s— |
B o-10 A Elevation
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[ J21-30
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Bl -s8 {Source: NRSC, Bhuvan, ISRO)

Figure 1.54: Slope Map (Project Area Marked in Red)
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The entire project area, where shale and slate are present, is highly prone to
landslides. In contrast, regions with Dolomite, Limestone, Sandstone, and Quartzite
are relatively more stable, though they are affected by structurally controlled, fragile
topography, sensitive rock conditions, heavy rainfall, and occasional earthquakes.
Although the areas with Quartzite, Sandstone, and Dolomite along the alignment are
generally stable, the joint orientations create wedges, leading to rockfall on the
highway. Therefore, slope protection will be necessary along the cutting sections.

The Solan region, located in the Lesser Himalayas, faces significant landslide risks
due to its geologically brittle terrain, combined with heavy rainfall and other natural
and human factors. Mountain roads and highways are critical infrastructure in this
area, but they are often disrupted by landslides, impacting regular traffic, especially
during the monsoon season. These events cause significant challenges for
transportation and communication, negatively affecting economic, commercial, and
developmental activities. Landslides in the project area are increasing, with most
occurring during extended rainfall periods.

Geotechnical Hazard Identification

Rockfall are common along transportation routes where deep cuts have been made
into rock slopes. These events can cause significant damage to roads and
infrastructure, potentially leading to route closures and costing millions of rupees per
incident. Similarly, landslides are frequently triggered near areas that have been
altered by human activities, such as land development or soil excavation. Given the
frequency and potential severity of these hazards, it is clear that both rockfall and
landslides must be carefully assessed and managed.

Rockfall generally occur in rock-cut slopes when rock blocks become dislodged due
to weathering, flowing water, or erosion of surrounding rocks and soil.

e Rockfall: This hazard typically arises along rock slopes but can also occur in
mixed areas (rock slopes with debris). The occurrence of rockfall is strongly
linked to the degree of fracturing within the rock mass. The impact of such
instability depends largely on the size of the unstable rock blocks.

o Shallow landslides: These are commonly found along existing national highways
and potential new alignment routes. These landslides typically involve several
meters of debris, including gravel, sand, cobbles, and pebbles.

The risk of these geotechnical hazards was observed during the mapping campaign at
all portals and potential cut locations. It is essential to consider the effects of these
hazards and implement appropriate countermeasures during the construction of
portals, cuts, and roads throughout the project.

TOPOGRAPHY / HYDROLOGY TUNNEL T-1, P1
Portal areas of Tunnels T-1 Ch. 29+410

Geology of the Area: The proposed twin-tube tunnels for the four-lane
configuration maintain a horizontal distance of 30 meters between the two tubes,
with little variation in geology or joint orientation. The general bedding plane, J1, of
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the rock mass is oriented at 75°/070-080° (near the P-1 portal location). The tunnel
alignment runs obliquely to the strike of the rock mass. The rock mass exhibits three
or more random joint sets, with the bedding joint and the N-S trending joint sets
being the most prominent. The various joint sets observed in the area are summarized
in the table below:
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Table 1.8: Main Joint Sets T-1 at 29+410
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Figure 1.55: Main Joint Sets T-1 at 29+410

At the proposed location of Portal-1 for Tunnel T-1, the cutting section along the
National Highway reveals a different rock composition compared to the portal area.
The cutting section consists of moderately to highly weathered Dolomite/Limestone,
while the portal area is characterized by Dolomite with a high quartz content. The
slopes in this area are moderately steep, and excavation activities are likely to
destabilize the area, necessitating proper protective measures. The portal location is
in close proximity to the existing highway and falls within Package-IIA of the
Shimla-Mataur section.
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Photo 1: Hard Compact Dolomite Photo 2: Portal-1 Location
Rock Exposure at T1PI near the Portal

Photo 3: Meter from Portal-1
Towards Road Side Rock Around the Portal Areas

Traversing along the Tunnel Alignment

During the site visit, we observed alternating bands of Dolomite and some Sandstone
along the entire tunnel alignment. The tunnel engineers will face challenges during
both the design and construction phases. The likelihood of water ingress into the
tunnel in this project is high. The primary stratum along the tunnel path consists of
moderately strong Dolomitic rock and alternating Sandstone bands. Comprehensive
rock mass characterization using various classification systems has shown that, due
to the moderately strong properties of the Dolomite rock, the tunnel sections will
remain stable for more than 48 hours.

Based on surface field geological investigations, the Solan and Bilaspur Formation
Dolomite, along with some Sandstone layers, is predominantly inclined. There is
significant mechanical separation between the different layers in the Dolomite rock
and weathered Limestone, with bedding rocks appearing to be moderately strong or
strong. Field testing of rock strength using simple methods (Hoek and Brown
classification) revealed that the rock material cannot be crumbled with a firm blow
from a geological hammer; it requires at least 10-15 blows to break the rock. Based
on field observations, the rock material near the tunnel area, consisting of Dolomite
and some phyllitic rock along with weathered Sandstone, is classified as moderately
strong. Additionally, minor folding near the portal area indicates that this zone has
experienced compression.
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12.2

Photo 4: Moderately weathered Dolomite with Soil cover

Topography of Tunnel T-1 at 30+500

The geology of the area at chainage 30+500 is exposed along the road cutting
section, which is characterized by shrubs and trees. The alignment passes beneath the
Ghanghughat Gram Panchayat Building, and the vertical alignment of the trees
indicates that the ground mass is stable. However, the ground mass in this region is
weak, with a mixed geological composition, primarily consisting of schist/shale beds
interspersed with some hard Dolomite beds.

While three joint sets and the stratification generally maintain consistent orientation
along the tunnel, the heterogeneity of the rock mass made them difficult to
distinguish across all mapped fronts. The joint orientation was also affected by the
fact that mapping was done along the road, as tunnel traversing was not possible due
to steep cliffs. In this zone, the tunnel faces will likely encounter heterogeneous
conditions during construction, including very hard, compact Dolomite layers
interspersed with moderately to weak shale/Schist bands. Specific blasting
techniques will be required for different rock classes to break up the hardest
Quartzitic and Dolomite rocks, as well as the moderately strong sandstone materials.
The rock mass, composed of moderately strong fresh rock, will likely have a UCS
value of 25-30 MPa. Engineering geology front maps and facelogs must be prepared
by the contractor's geologist. The average RMR value is expected to range from 20
to 25. Due to the heterogeneity of the rock fronts and overburden, proper 3D
monitoring and instrumentation will be necessary during tunnel construction.
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The three joint sets encountered in this zone, along with their orientation and other
details, are summarized in the table below:
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ROCK MASS JOINT CONDITIONS
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Table 1.9: Main Joint Sets T-1 at 30+500
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Photo 5: Dolomitic Rock at 30+500
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Photo 6: Moderately Strong to Strong Dolomite Rock




12.3

L 7 l“ . L ; .'l.l - : - Wy ...ﬁ'-- ] .' !
Photo 7: Moderately Strong to Strong Quartzitic Dolomite Rock

Topography of Tunnel T-1 at 30+900

The surface geology at chainage 30+900 indicates that the tunnel lithounits consist of
a uniformly dipping alternating sequence of quartzitic dolomite rock and slightly
weathered sandstone, with intermixed quartzite and dolomite. The bedding plane
generally trends at 35°/245° and is accompanied by three prominent joint planes and
one random joint plane. Quartzite and dolomitic rock samples were observed at km
30+900, along with weathered sandstone and shale along the tunnel alignment.

Quartzitic Dolomite Rock: This rock exhibits an equigranular texture and is
primarily composed of quartz and other minerals. Schistosity is well-developed, and
occasional quartz veins are present. The rock is harder compared to the weathered
sandstone.

All the rock units along the tunnel alignment have been classified using the RMR
system developed by Bieniawski (1989). The different rock units along the alignment
are categorized as having poor to fair rock quality. The presence of shear zones and
weak soil bands in the rock mass could be encountered during construction, with a
higher probability of rockfall due to wedge formation. In this area, conditions
classified as Class IV and V may be encountered.

The general orientation and other geological conditions for this area are summarized
in the table below:
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Table 1.10: Main Joint Sets Tunnel T-1 at 30+900
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Figure 1.57: Main Joint Sets Tunnel T-1 at 30+900
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12.4 Topography of Tunnel T-1 at 31+100
The proposed location along the tunnel alignment for Package-IIA features slopes
that range from gentle to steep, with medium vegetation covering the surface and
denser shrubs present in certain patches. The drains in the area are steep, narrow, and
typically seasonal. The height of the mountains above the road is approximately 50-
80 meters, with the road following a zigzag pattern and varying elevations.

Due to the steep slopes, the soil cover is minimal, and during rainfall, the degree of
water infiltration into the ground is expected to be low because of the presence of
joints. Geological mapping of the portal area, along with general geological
observations and RMR calculations, has been carried out. The soil cover at this
location is thin, ranging from about 0.5 to 2 meters. The area is composed of
weathered, fractured, and highly jointed Dolomite/Limestone and shale rock. These
weathered rocks exhibit three sets of random joints with soft to hard infillings.

The rock mass in this area has three sets of joints, ranging from slightly open to
partially open, with high persistence. The bedding joints are more prominent, and the
rock mass shows minor folding structures. The random joints form wedge structures,
which are present throughout much of the area.

The slopes are covered by vertical trees and shrubs, and in some places, road cuts
expose the rock types and joints. Above the alignment, there are paddy fields, and
the potential ingress of water may be encountered during construction.

Photo 8: Highly sheared
dolomite
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Photo 9: Tunnel alignment is
below this paddy field

The data was collected at different locations and the details are as follows:
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ROCK MASS JOINT CONDITIONS
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Table 1.11: The Various Joint Sets Recorded in the Area T-1 at 31+100)

83




[color [ pip ] mip Divection | Label
User Planes
1 [ ] 70 260 11
: |l 70 180 1z
3 [ ] 60 140 13

Tunnel |

Figure 1.58: The Various Joint Sets Recorded in the Area T- 1 at 31+100)

The UCS in this zone is between 40 to 50 MPa and RMR value calculated at this
area is between 35- 40.

12.5 Topography of Tunnel T-1 at 31+600

The geology at chainage 31+600 is exposed along the cutting section of the road,
where the area is characterized by shrubs and trees. The ground is mixed, with the
predominant rock being grey dolomite. Weathering is significant in this zone, and
some sheared rock mass has been observed during traversing. The region also
contains hard and compact rock, with the UCS ranging between 35 to 40 MPa and an
RMR value between 25 and 30. Iron staining is visible on the outcrop, and some rock
beds display quartz layering.

The orientation of the joints varies, as the mapping was carried out along the road,
and traversing along the tunnel route was not possible due to steep cliffs. In this
zone, the tunnel may encounter heterogeneous working faces during construction,
consisting of very hard compact dolomite layers, occasionally interspersed with
moderately to weak shale or schist bands. Specific blasting techniques will be
required for different rock types, including the hardest quartzitic dolomite,
sandstone, and moderately strong sandstone materials. Additionally, a Nalla channel
flows just above the tunnel alignment, so the potential for water ingress inside the
tunnel cannot be ruled out. A proper drainage system must be implemented during
construction. Engineering geology front maps and face logs should be prepared by
the contractor's geologist. The average RMR value in this zone is between 25 and 30.
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Given the heterogeneity of the rock faces and overburden, 3D monitoring and
instrumentation will be essential throughout the tunneling process.
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Table 1.12: Main Joint Sets Tunnel T-1 at 31+600
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Figure 1.59: Main Joint Sets Tunnel T-1 at 31+600

12.6 Topography of Tunnel T-1 at 33+010 (Portal -2)

The surface geology at chainage 33+010 reveals that the tunnel litho-units consist of
moderately to highly weathered sandstone, with intermixing of quartzitic dolomite
and sandstone. The bedding plane generally trends at 55°/140-150°, with three
dominant joint planes and one random joint plane. Quartzite and sandstone rock
samples were observed at km 33+010, and weathered sandstone and shale are also
present along the tunnel alignment. The quartzitic dolomite rock exhibits an
equigranular texture, primarily composed of quartz minerals. Schistosity is well-
developed, with occasional quartz veins commonly found. This rock is harder than
the weathered sandstone.
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Photo 10: Highly Sheared
Sandstone With Intermixed
of Soil

Photo 11: Highly Sheared
Rock with Schistosity

All rock units along the tunnel alignment have been classified using the RMR system
proposed by Bieniawski (1989). The rock units along the alignment, as classified by
the RMR system, exhibit poor to very poor rock quality. During construction, shear
zones and weak soil bands may be encountered, with a potential risk of collapse due
to the soil. Conditions in this zone may correspond to Class V and VI rock
classifications. The general orientation and other geological conditions for this area
are provided in the table below.
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ROCK MASS JOINT CONDITIONS
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Table 1.13: Main Joint Sets Tunnel T-1 at 33+010 (Portal -2)
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Figure 1.60: Main Joint Sets Tunnel T-1 at 33+010 (Portal -2)
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Photo: 12 Quartzitic Rock having Quartz Layer

Photo 13: Moderately Strong to Strong Quartzitic Rock

12.7 Folding

The rocks in this area exhibit significant folding, particularly around Bandli Tibba, where
three synclines are separated by two anticlines. To the east of Mandi, in the Chali belt, a
major anticline is suspected, with the core likely composed of granites. The only
evidence for this potential anticline is the repetition of green and grey phyllites on either
side of the granite. In the Bandli Tibba region, the fold axes trend approximately north-
south, but these have been cross-folded along a northwest-southeast axis with a shallow
plunge toward the southeast. As a result, the outcrops display a sinuous pattern. The folds
in this area are typically isoclinal in nature. Further north, near Maloh Nala, good
exposures of Jaunsar rocks reveal several asymmetric folds, also trending north-south.
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13
13.1

Photo 14: Visible Fold Along the Tunnel Alignment P-1

Photo 15: Visible Fold Along the Tunnel Alignment P-1
TOPOGRAPHY T-2, P1
Topography of Tunnel T-2 at 34+215

The geology of the Chainage 34+215 area, visible along the road's cutting section,
features a landscape with shrubs and trees. The vertical orientation of the trees suggests
that the ground mass is stable, though it is weak in nature. The geology in this zone is
mixed, predominantly consisting of highly sheared shale/slate, along with some
weathered sandstone beds. The shale is interspersed with highly weathered sandstone
layers.

The three joint sets and stratification generally maintained their orientation along the
tunnel; however, due to the rock mass's heterogeneity, they were not distinctly identified
across all mapped fronts. The joint orientation also varied, as the mapping was carried out
along the road, and access to the tunnel alignment was not possible because of steep cliffs
and highly sheared ground mass.

In this zone, the tunnel is expected to encounter heterogeneous working faces composed
of highly sheared shale/slate and weathered, fractured sandstone. The rock mass's
unconfined compressive strength (UCS) is anticipated to range between 10-15 MPa. The
contractor’s geologist must prepare engineering geology front maps and facelogs. The
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average RMR value for this area falls between 10-15. Given the variability of the rock
faces and overburden, effective 3D monitoring and instrumentation will be essential
during tunnel construction.

Additionally, three joint sets were identified in this zone, and the details of their
orientation and other relevant information are provided in the table below:
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ROCK MASS JOINT CONDITIONS
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Table 1.14: Main Joint Sets PKG-II B at 34+215
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Figure 1.61: Main Joint Sets PKG-II B at 34+215

Photo 16: Highly Weathered and
Fractured Ground Mass

Photo 17: Highly Sheared Rock
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13.2

Topography of Tunnel T-2 at 34+560

The surface geology at chainage 34+560 indicates that the rock types along the tunnel
alignment consist of a uniformly dipping alternating sequence of highly sheared, highly
to moderately weathered shale and slate, interspersed with bands of moderately to highly
weathered, fractured sandstone. The bedding plane generally trends at 40°/245°-255°,
with three dominant joint planes observed. Shale and slate rock samples were identified
at km 34+560, and weathered sandstone and shale are also present in this zone along the
tunnel alignment.

Photo 18: Highly Sheared Ground Mass

All the rock units along the tunnel alignment have been classified using the RMR system
proposed by Bieniawski (1989). The rock units in this area are categorized as having poor
to very poor rock quality. During excavation, shear zones and weak soil bands may be
encountered, leading to a high probability of rockfall. In this zone, conditions
corresponding to Class V and VI may be encountered. The general orientation and other
geological  characteristics of this area are provided in the table:

96




ROCK MASS JOINT CONDITIONS
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Table 1.15: Main Joint Sets PKG-II B at 34+560
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Figure 1.62: Main Joint Sets PKG-II B at 34+560
13.3 Folding

The rocks in the project area are highly folded, with prominent folding occurring
where three synclines are separated by two anticlines. To the east of Mandi, in the
Chali belt, a major anticline is suspected, with granites occupying its core. The only
evidence supporting the potential anticlinal nature is the repetition of green and grey
phyllites on either side of the granites. In the project area, the fold axes generally
trend in a north-south direction. These folds have been cross-folded along a
northwest-trending axis (with a shallow plunge to the southeast), resulting in sinuous
outcrop patterns. The folds are predominantly isoclinal in nature. North of Maloh
Nala, where well-exposed Jaunsar formations are visible, several asymmetric folds
trending in the north-south direction are observed.



Photo 19: Visible Fold
Along the Tunnel
Alignment

Photo 20: Visible Fold
Along the Tunnel
Alignment

Photo 21: Visible Fold Along the Project Alignment P-1




Photo 22: Visible Fold Along the Project Alignment P-1

13.4 Frequency distribution of rock-mass along tunnel alignment
On the basis of tentative geological section prepared, attempt has been made to
analyze the status of anticipated rock mass conditions during execution of Tunnel-1
and Tunnel -2
The following table shows chainage-wise distribution of rock- mass conditions along
alignment:
. . Rock Class as per
Design Chainage (Km) Rock Type Rock RMR rating
S Total Characteristic
r. ota as per site visit Rock
No. From To (m) RMR | Class
I. . Highly
294410 | 204435 | 25 | Highlyweathered o 0 cag | 20 | Poral
Limestone/dolomite 25 Class
fractured
. Highly weathered | Moderely | 4o
29+435 29+630 195 7. . weathered & Fair
quartzitic dolomite fractured 45
rock, Shale & Slate acture
: Highly weathored | Moderaely (o | oo
294630 | 29+843 | 213 gy . highly Poor
quartzitic dolomite weathered 40
rock, Shale & Slate
4. Moderately to
Highly weathered Moderately 40- .
20+843 30+123 280 quartzitic dolomite Weathered 45 Fair
rock, Shale & Slate
5. Moderately to
30+123 | 304522 | 399 | Highly weathered l\v/{,‘;‘;‘:lr;treelg 3450 Poor
Shale & Slate
6. Moderately to Highly 15-
30+522 30+830 308 | Highly weathered | weathered & 20 V. Poor
Shale & Slate fractured




Rock Class as per

Design Chainage (Km) Rock Type Rock RMR rating
S Total Characteristic
r. ota as per site visit Rock
No. From To (m) RMR Class
7. Moderately to Moderately 40-
30+830 31+180 350 | Highly weathered | weathered & 45 Fair
Shale & Slate fractured
8. Moderately
314180 | 314565 | 385 | weathered Shale & | Moderately | 30--
Weathered 35
Slate
9. ) Highly
314565 | 314895 | 330 | Highlyweathered | o0 - lcd& | 7 | V. Poor
Shale & Slate 20
fractured
s wealzﬁ:?eﬁgeglelze & Moderately 42-
31+895 324363 468 . weathered & Fair
Slate with bands of 48
fractured
sandstone
H weal‘zg:feeégglelge & Moderately 45-
32+363 32+561 198 . weathered & Fair
Slate with bands of 50
fractured
sandstone
2 Wealt\l/{:;leﬁgegflla}ie & Moderately 30-
32+561 32+900 339 . weathered & Poor
Slate with bands of 35
fractured
sandstone
13. Highly weathered Highly 15-
32+900 32+995 95 Shale & Slate with | weathered & 20 V. Poor
bands of sandstone fractured
14. ) Highly
324995 | 33+020 | 25 | Highly Weathered |\ o0 o cd & | 20 Portal
Shale & Slate 25 Class
fractured

Table 1.16: Distribution of Rock- Mass
Conditions on the Basis of RMR Classification Tunnel T-1 (LHS)




Design Chainage (Km)

Rock Class as

Rock per RMR rating
Rock Type Characteristic
Sr. From To Total as per site visit | pyr | RO¢K
No. (m) Class
1. . Highly
204380 | 204405 | 25 | hghlyweathered 10 0 g | 2005 | Portal
Limestone/dolomite Class
fractured
2. Moderately Moderately
29+405 | 29+655 | 250 weathered Shale & weathered & 40-45 Fair
Slate fractured
3. Moderately Moderately to
29+655 | 29+791 | 136 weathered Shale, highly 35-40 Poor
Slate & Sandstone weathered
4. Moderately
29+791 | 30+041 | 250 | weathered Shale, Moderately |y 45 | ppip
Weathered
Slate & Sandstone
5. Moderately
304041 | 30+451 | 410 | weathered Shale, Moderately | 5 4 | poor
Weathered
Slate & Sandstone
6. Highly weathered Highly
30+451 | 30+761 | 310 Shale, Slate & weathered & 15-20 | V. Poor
Sandstone fractured
7. Moderately Moderately
30+761 | 31+071 310 weathered Shale, weathered & 40-45 Fair
Slate & Sandstone fractured
8. Moderately to
314071 | 31+521 | 450 | Highly weathered Moderately | 30 35 | pgor
Weathered
Shale & Slate
9. Highly weathered Highly
31+521 | 31+846 | 325 Shale & Slate With weathered & 15-20 | V. Poor
Sandstone bands fractured
1o weal:flgi:e;aStEZe & Moderately
31+846 | 32+316 | 470 . weathered & 42-48 Fair
Slate With fractured
Sandstone bands cure
- Weal':flgite({asti{a}ie & Moderately
32+316 | 32+536 | 220 : . weathered & 45-50 Fair
Slate with Dolomite
fractured
bands
12' weathered Snaje g | Moderately
32+536 | 32+883 347 . . weathered & 30-35 Poor
Slate with Dolomite
fractured
bands
13. ) Highly
324883 | 321985 | 102 | Highlyweathered j o 0 ed& | 1520 | V. Poor
Shale & Slate
fractured
14. . Highly
321985 | 33+010 | 25 | Highlyweathered | o0 d& | 2025 | Portal
Shale & Slate Class
fractured
15.




Table 1.17: Tunnel T-1 (RHS/Parallel Tunnel)

. Rock Class as per
Chainage (Km) Rock RMR rating
Rock Type Characteristic as
From To Total per site visit RMR Rock
(m) Class
Highly weathered )
344250 | 34+444 | 194 Shale/Slate & Highly weathered & | 1 15 |y poor
fractured
Sandstone
Highly weathered .
34+444 | 34+474 | 30 Shale/Slate with Highly weathered & | -, » Poor
. fractured
Sandstone/Limestone
Highly weathered .
344474 | 34+510 | 36 Shale/Slate with Highly weathered & | 5 V. Poor
. fractured
Sandstone/Limestone
Table 1.18: Distribution of Rock- Mass
Conditions on the Basis of Rock Mass rating Tunnel T-2 (LHS)
. Rock Class as
Chainage (Km) Rock per RMR rating
Rock Type Characteristic as
From To Total per site visit RMR | Rock
(m) Class
Highly weathered Highly weathered &
344215 34+389 174 Shale/Slate & Sandstone fractured 10-151 V. Poor
Highly weathered .
344389 | 344459 | 70 Shale/Slate with | Highly weathered & | 5 b
: fractured
Sandstone/Limestone
Highly weathered .
34+459 | 34+560 | 101 Shale/Slate with Highly weathered & | 15 | v/ pooy
) fractured
Sandstone/Limestone

14

Table 1.19: Tunnel T-2 (RHS/Parallel Tunnel)

The area exhibits diverse geology, and the classification will be updated following a
detailed geotechnical investigation. The classifications provided above are based
solely on surface geological mapping. During execution, the contractor will be
required to conduct a thorough geotechnical investigation, and the data gathered from
this investigation will be incorporated into the detailed design.

CONCLUSIONS

Based on the preliminary surface geological assessment conducted during the
field visit and the alignment traversing along the tunnel, it is concluded that tunneling




can be anticipated. The geotechnical investigation is currently ongoing, and once

completed, this report will be updated accordingly.

Rock Class Total Liglgg:etl:;idpated % Along Tunnel Alignment
Good 0 0.00
Fair 1491 41.30
Poor 1336 37.00
Very Poor 733 20.30
Portal Class 50 1.40

Table 1.20: Preliminary Surface Geological Assessment Tunnel T-1 (LHS)

1 Good

Rock Class(m)

733
1336
\_\\\-
Fair [OPoor

1491

@ Very Poor

@ Portal Class

Figure 1.63: Geological Assessment Tunnel T-1 (LHS) (m)




Rock Class(%)

41.3

0 Good Fair [OPoor @Very Poor [MPortal Class
Figure 1.64: Geological Assessment Tunnel T-1 (LHS) (%)
Rock Class Total Leflgth Anticipated % Along Tunnel Alignment
(in meter)

Good 0 0.00
Fair 1500 41.32
Poor 1343 37.00
Very Poor 737 20.30
Portal Class 50 1.38

Table 1.21: Preliminary Surface
Geological Assessment Tunnel T-1 (RHS/Parallel Tunnel)




Figure 1.65: Geological Assessment Tunnel T-1 (RHS/Parallel Tunnel) (m)




Figure 1.66: Geological Assessment Tunnel T-1 (RHS/Parallel Tunnel) (%)

Total Length Anticipated .
Rock Class . % Along Tunnel Alignment
(in meter)
Fair 0 0
Fair to Poor 0 0
Poor 30 11.53%
Very Poor 230 88.46%

Table 1.22: Preliminary Surface Geological Assessment of Tunnel T-2 (LHS)

Rock Class (m)

CFair ' Fair to Poor GOPoor B Very Poor

Figure 1.67: Preliminary Surface
Geological Assessment of Tunnel T-2 (LHS) (m)




Rock Class (%)

Fair Fair to Poor [Poor @ Very Poor

Figure 1.68: Preliminary Surface
Geological Assessment of Tunnel T-2 (LHS) (%)

Total Length Anticipated .
Rock Class . % Along Tunnel Alignment
(in meter)
Fair 0 0
Fair to Poor 0 0
Poor 70 20.29%
Very Poor 275 79.71%

Table 1.23: Preliminary Surface Geological Assessment Tunnel T-2 (RHS/Parallel

Tunnel)




Figure 1.69: Preliminary Surface
Geological Assessment of Tunnel T-2 (RHS) (m)

Figure 1.70: Preliminary Surface
Geological Assessment of Tunnel T-2 (RHS) (%)
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15.1

GEOLOGICAL - GEOTECHNICAL EVALUATION

A surface geological investigation was conducted along the planned alignment, with
ICT carrying out a preliminary engineering assessment. The site visit for Tunnel T-1
(LHS & RHS) of the Shimla-Mataur Package-IIA project took place from 6th
February 2022 to 9th February 2022, led by a Geological Expert. The results of this
investigation are documented in the "Geological Evaluation & Assessment Report for
Preliminary Engineering." This report serves as the foundational document for the
current Tunnel T-1 geological assessment, forming the basis for the Geological
Matrix Report.

The ICT Expert performed a surface data and reconnaissance survey, which was
incorporated into the current matrix report. The purpose of this document is to
summarize the findings and conclusions from the work carried out by the consultants,
bringing together all surface data, including geomorphic and lithological information.
This surface exploration and the data from existing studies were used to define the
geological matrix and predict the geology along the tunnel alignment. The geological
details will inform the establishment of geotechnical parameters that are essential for
the preliminary engineering process.

Geological Overview

The project area is situated in the Siwalik ranges, part of the Lesser Himalayas, and
features a diverse landscape with hills, valleys, and a piedmont zone. Seven major hill
ranges—Naina Devi, Kot, Jhanjiar, Tiun, Bandla, Bahaurpur, and Ratanpur—make up
the hill system. The lowest point in the area has an elevation of approximately 290
meters above mean sea level (AMSL), while the highest peak, Bhadurpur Hill,
reaches 1,980 meters AMSL. The Sutlej River flows through the middle of the district
from east to west, entering near Kasol in the northwest and exiting near Naila in the
southwest, after covering a distance of 90 kilometers. The Sutlej is joined by several
tributaries, with the three main ones being Ali Khad, Gamrola Khad, and Seer Khad.
Ali Khad, approximately 26 kilometers long, originates in Shimla district and joins
the Sutlej at Bilaspur after passing through Bahadurpur Dhar. Gamrola Khad, also
originating in Shimla district, drains the Rattanpur Dhar and joins the Sutlej around 5
kilometers downstream from Bilaspur town. Seer Khad, the third tributary, originates
at Wah Devi, 10 kilometers from Sarkaghat in Mandi district. After draining Kot-Ki-
Dhar and a significant portion of Ghumarwin tehsil, it joins the Sutlej near Serimatla,
about 15 kilometers downstream from Bilaspur.

The geological formations in the district span from the pre-Cambrian to the
Quaternary period. The generalized geological succession in the district is as follows:



Proterozoic
I
Proterozoic |l

EQN ERA PERIOD | GROUP DESCRIPTION
FORMATION
Phanerozoic | Cenozoic Quaternary | Alluvium; fluvial, Sand, silt, clay, gravel,
{Recent to | terrace, piedmont | pebble and cobble etc.
sub-
Recent) |
| Undifferentiated Sand, clay, gravel, pebble,
| cobble and boulders
Tertiary Upper Siwalik Soft sandstone, brownish
Pliocene clay, shale, poorly sorted
to and crudely bedded
Mid. conglomerate. Boulder beds.
Miocene Middle Siwalik Grey sandstone, and
| brownish clay/ shale
Lower Siwalik Red and purple sandstone
and shale
Oligocene- | Subathu Group Grey sandstone; shale, Clay
LU_""’E”' Kasauli Formation | Greenish to grayish hard
Miocene sandstones
| Daghshai Dark-red and purple
Fermation coloured shale
Subathu Dark nodular clays
Formation
Proterozoic | Upper Krol Formation Greyish massive dolomites

Shali Fermation

and Limestone

Cherty Dolomite, Quartzite
and Lime stone

Table 1.24: Stratigraphic Succession of the Project area

Frequency distribution of rock mass along the Tunnel-1 Alignment. (PKG-IIA)

On the basis of tentative geological section prepared, attempt has been made to
analyse the status of anticipated rock mass conditions during execution of Tunnel T-1
(LHS & RHS) of Package-ITIA

The following table shows Chainage-wise distribution of rock- mass conditions along

alignment.
. . Rock Class as
Design Chainage (Km) Rock per RMR rating
Rock Type Characteristic as
From To Total per site visit RMR | Rock
(m) Class
Highly weathered | Highly weathered Portal
29+410 29+435 25 Limestone/dolomite & fractured 20-25 Class
Highly weathoed | Moderately
29+435 | 29+630 | 195 gy . weathered & | 40-45 | Fair
quartzitic dolomite fractured
rock, Shale & Slate
Moderately to
Highly weathered Moderately to
29+630 20+843 1 213 quartzitic dolomite | highly weathered 35-40 | Poor
rock, Shale & Slate




Rock Class as

Design Chainage (Km) Rock per RMR rating
Rock Type Characteristic as
From To Total per site visit RMR | Rock
(m) Class
Moderately to
Highly weathered Moderately .
294843 1 30+123 | 280 quartzitic dolomite Weathered 40-45 | Fair
rock, Shale & Slate
Moderately to
30+123 | 30+522 | 399 | Highly weathered hv/{,‘;‘;fﬁztreelg 35-40 | Poor
Shale & Slate
Moderately to .
30+522 | 30+830 | 308 | Highly weathered | i8I weathered | s .5 1 V.
Shale & Slate & fractured Poor
Moderately to Moderately
30+830 | 31+180 | 350 Highly weathered weathered & 40-45 | Fair
Shale & Slate fractured
Moderately
31+180 | 314565 | 385 | weathered Shale & M"deliately 30-35 | Poor
Slate Weathered
Highly weathered | Highly weathered V.
314565 314895 330 Shale & Slate & fractured 15-20 Poor
eaﬁgi:e;ag(;lgie & Moderately
31+895 324363 | 468 ;vlate with bands of weathered & 42-48 Fair
sandstone fractured
weaﬁgi:e;ag(;lg{e & Moderately
32+363 32+561 198 Slate with bands of weathered & 45-50 Fair
sandstone fractured
weaﬁgi:e;ag(;lg{e & Moderately
32+561 32+900 | 339 Slate with bands of weathered & 30-35 | Poor
sandstone fractured
Highly weathered .
324900 | 324995 | 95 | Shale & Slate with | 1ghly weathered |5 55 V.
bands of sandstone & fractured Poor
Highly Weathered | Highly weathered Portal
324995 334020 | 25 Shale & Slate & fractured 20-25 Class

Table 1.25: Distribution of Rock- Mass
Conditions on the Basis of Rock Mass Rating Tunnel T-1 (LHS)




Rock Class as

Design Chainage (Km) Rock per RMR rating
Total Rock Type Characteristic as
From To (0 ;‘ per site visit RMR g;)acsl;
m
) Highl
294380 | 29+405 | 25 | [Highly weathered weathgere}:i & | 20-25 | Poral
Limestone/dolomite Class
fractured
Moderately Moderately
29+405 29+655 | 250 weathered Shale & weathered & 40-45 Fair
Slate fractured
Moderately
29+655 | 29+791 | 136 | weathered Shale, h.l\/{l‘ideraetzgetr"e 4 | 3540 | Poor
Slate & Sandstone ey w
Moderately
29+791 | 30+041 | 250 | weathered Shale, %‘;‘ifﬁitfelg 40-45 | Fair
Slate & Sandstone
Moderately
304041 | 30+451 | 410 | weathered Shale, hv/{,"e‘;flr;treelg 35-40 | Poor
Slate & Sandstone
Highly weathered Highly v
30+451 30+761 | 310 Shale, Slate & weathered & 15-20 )
Poor
Sandstone fractured
Moderately Moderately
30+761 31+071 | 310 weathered Shale, weathered & 40-45 Fair
Slate & Sandstone fractured
Moderately to
314071 | 314521 | 450 | Highly weathered hv/{,‘;‘;fﬁztreelg 30-35 | Poor
Shale & Slate
Highly weathered Highly v
314521 31+846 | 325 Shale & Slate With weathered & 15-20 Poc.)r
Sandstone bands fractured
wealzﬁ:?eﬁgeglelze & Moderately
31+846 324316 | 470 Slate With weathered & 42-48 Fair
Sandstone bands fractured
wealzﬁ:?eﬁgeglelze & Moderately
324316 32+536 | 220 i . weathered & 45-50 Fair
Slate with Dolomite
bands fractured
Weamgfeeciggila}ie & Moderately
32+536 32+883 | 347 . ) weathered & 30-35 Poor
Slate with Dolomite 6
bands ractured
) Highly
324883 | 324985 | 102 | Highlyweathered [0 id& | 1520 | V-
Shale & Slate Poor
fractured




. . Rock Class as
Design Chainage (Km) Rock per RMR rating
Rock Type Characteristic as

From To Total per site visit RMR Rock
(m) Class

. Highly
394985 334010 75 Highly weathered weathered & 20.95 Portal
Shale & Slate Class

fractured

Table 1.26: Tunnel T-1 (RHS/Parallel Tunnel)
Frequency distribution of rock mass along the tunnel-1 Alignment. (PKG-11B)

On the basis of tentative geological section prepared, attempt has been made to
analyze the status of anticipated rock mass conditions during execution of Tunnel
T-1 of Package-1IB.

The following table shows chainage-wise distribution of rock- mass conditions along

alignment:
. Rock Class as per
Chainage (Km) Rock RMR rating
Rock Type Characteristic as
From To Total per site visit RMR Rock
(m) Class
Highly weathered .
344250 | 34+444 | 194 Shale/Slate & Highly weathered & | 1 15 |y poor
fractured
Sandstone
Highly weathered .
34+444 | 34+474 | 30 Shale/Slate with Highly weathered & | -, - Poor
. fractured
Sandstone/Limestone
Highly weathered .
34+474 | 34+510 | 36 Shale/Slate with nghl¥ weathered & | 5 V. Poor
. ractured
Sandstone/Limestone

Table 1.27: Distribution of Rock- Mass
Conditions on the Basis of Rock Mass rating Tunnel (LHS)

. Rock Class as
Chainage (Km) Rock per RMR rating
Rock Type Characteristic as
From To Total per site visit RMR | Rock
(m) Class
Highly weathered Highly weathered &
344215 34+389 174 Shale/Slate & Sandstone fractured 10-151 V. Poor
Highly weathered .
34+389 | 34+459 | 70 Shale/Slate with Highly weathered & 1 »5 | po o,
) fractured
Sandstone/Limestone
Highly weathered .
344459 | 344560 | 101 Shale/Slate with | Highly weathered & |y 15 15 oy
. fractured
Sandstone/Limestone

Table 1.28: Tunnel PKG-IIB (RHS/Parallel Tunnel)

The area is having diverse geology and the classification will be revised after the
detail geotechnical investigation, the above classifications is purely based on the




15.2

surface geological mapping and during the execution the contractor have to carried
out the detailed geotechnical investigation and after the detailed investigation the data
will be utilised in the detailed design.

Determination of Ground Type (GT)

Each key parameter will be categorized, and wherever possible, numerical values
such as spacing, joint opening, and strength will be used instead of descriptive data.
However, due to practical constraints, some parameters may only be described
qualitatively.

Using predefined criteria, the parameters will be weighted and combined to identify
the appropriate Ground Types. A correlation matrix will be applied.

Field data collection will focus on gathering relevant geological and geotechnical
information, as well as observing and recording the ground structure. The collected
data will be documented in pre-designed forms. Based on the criteria established
during the design phase, the Ground Type will be determined. In areas with
heterogeneous ground conditions, the site will be divided into multiple sections, and
key parameters will be collected separately for each section.

The geological and geotechnical data gathered and assessed on-site will form the
basis for extrapolating and predicting ground conditions. The geological work will
not be limited to documenting face conditions but will also involve predicting the
ground behavior in the surrounding rock mass that affects the ground response.

Recommendations:

The project area is predominantly characterized by moderate to steep slopes, with

approximately 89% of the area being moderately to highly dissected, exhibiting slopes

ranging from 0° to 58°. The geological makeup of the region is complex, with the Chhaosa

Formation, located above the Basantpur Formation, consisting of thinly laminated shale,

siltstone, wacke, and orthoquartzite. This formation presents a rhythmic sequence of shale,

siltstone, and greywacke, which transitions into a coarser clastic sequence in the Sanjauli

Formation. Additionally, the Kunihar Formation is composed of shale, siltstone, and

stromatolitic limestone. These geological characteristics significantly influence the area's

stability and construction considerations, which must be carefully addressed in the

recommendations for any development or infrastructure projects in the region.
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Figure 1.71: Plot of RMR for Tunnel T-1 (LHS)

As shown in Figure 1.71, the Rock Mass Rating (RMR) for Tunnel T-1 LHS indicates that
the rock mass at Sr. No. 1, 6, 9, 13, and 14 falls within Rock Class V, while the remaining
locations fall within Rock Classes III to IV.
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Figure 1.72: Plot of RMR for Tunnel T-1 (RHS)



As shown in Figure 1.72, the Rock Mass Rating (RMR) for Tunnel T-1 RHS indicates that
the rock mass at Sr. No. 1, 6, 9, 13, and 14 falls within Rock Class V, while the remaining
locations fall within Rock Classes III to IV.

The RMR for Tunnel T-2 (LHS) falls within Rock Classes IV to V, while the RMR for
Tunnel T-2 (RHS) also falls within Rock Classes IV to V.

In conclusion, based on the geological and geotechnical findings, the construction of the road
and tunnel along the proposed alignment appears to be feasible. Implementing an appropriate
support system will be essential as per RMR data to ensure the stability of the terrain and
minimize risks, thereby ensuring the safe and efficient execution of the tunnel construction

while adhering to best engineering practices.



