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formed at different locations were found to be partially stable
(Table 3). Spot bolting is recommended for the completely
stable slopes, spot or systematic bolting is recommended for
stable slopes, and systematic bolting with systematic shotcrete
is recommended for the partially stable slope to contain the
possible slope failure.
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The orientatation of intersection of the joint planes for
different locations were found as  shown in Table 2.

The analysis of discontinuities using the software Dips
produced eight different wedges probable to failure. The slope
stability of wedges was analysed using the modified SMR
approach, and the results are tabulated (Table 3).

CONCLUSION
Modified SMR approach was applied on six different

slopes containing different rock types. Among eight wedges
with potential wedge failure formed, three wedges were found
to be stable and partially stable and the remaining five wedges
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Table 3: Slope Mass Rating results
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Estimation of Achievable Rate of Tunneling: A Case Study of Lower Likhu
Hydropower Project

INTRODUCTION

The Lower Likhu Hydropower Project (28.1 Mw) is run-
off river (RoR) type project located at Ramechhap and
Okhaldhunga Districts. The total length of the headrace tunnel
is 4797 m, and the excavation of tunnel is done by traditional
drilling and blasting process from six portals. The total of 1046.7
m has been excavated till 13.04.2019.

There are numerous uncertainties encountered during
the excavation of tunnels. The probable time of completion of
tunneling is grossly underestimated due to varying geology,
management complications, and different types of breakdown
or hold-ups. This paper includes the prediction of achievable
progress rate in the tunnel of the Lower Likhu Hydropower
Project using classification system developed by Chauhan
(1982).

METHODOLOGY

The assessment of rate of tunneling is done according
to the classification system (Table 1) proposed by Chauhan
(1982). The classification system comprises of classification of
two conditions: ground conditions and management conditions.

Classification of Ground Conditions

The rate of tunneling is seriously affected by the ground
conditions. The factors are:

a) Geology (RQD, dip/strike of strata, presence of major
faults, rock mass properties)
b) Method of excavation including blast pattern and
drilling arrangement
c) Type of support system and its capacity
d) Inflow of water
e) Presence of inflammable gas

ABSTRACT
The process of tunneling is very challenging process in case of Nepal due to complex geology and managerial complications. Proper
prediction of monthly progress rate under a definite set of ground and management condition is important in tunneling project for
achieving the milestone within the projected timeframe. This paper predicts achievable progress rate in the tunnel of the Lower Likhu
Hydropower Project.

Key words: Lower Likhu Hydropower Project, Achievable rate of tunneling, Run-off river type project, Tunnel

f) Size and shape of the tunnel
g) Construction adits
h) High temperature in very deep tunnels.
These geologic conditions are classified in the tunnel
into good, fair and poor conditions.

Classification of Management Conditions
The rate of tunneling varies in the same ground condition

depending upon management quality. The management factors
affecting the tunneling quality are:

a) Overall job planning, including selection of equipment
and decision making process,
b) Training of personnel,
c) Equipment availability including parts and preventive
maintenance,
d) Operating supervision,
e) Incentives to workmen,
f) Co-ordination,
g) Punctuality of staff,
h) Environmental conditions, and
i) Rapport and communication at all levels.
These factors are assigned to weighted rating and the

rating of all factors is added to obtain a collective classification
rating for management condition. Using this rating, the
management condition is classified into good, fair and poor.

Table 1: Ground and management factors (Chauhan 1982)
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These two factors are combined to nine categories for
studying the combined effect into a matrix, which is defined as
the ratio of actual monthly progress to achievable monthly
progress under corresponding set of ground and management
conditions.  The six tunnels of the Lower Likhu Hydropower
project were considered for the analysis.

RESULTS

The ground conditions and management conditions were
classified at six tunnel locations, namely Main inlet, Seti outlet,
Seti inlet, Poku outlet, Poku inlet and Main outlet tunnel.

The geology of the Main inlet and the Seti outlet tunnel
comprises of thinly foliated, fresh to slightly weathered, grey
phyllite with intercalation of metasandstone. The Q-value ranges
from 0.01 to 0.18, and are classified as poor ground condition.
The remaining tunnel comprises of thinly to thickly foliated,
coarse to fine grained, fresh to slightly weathered bluish green
metasandstone with partings of phyllite. The Q-value ranges
from 0.18 to 4, which is classified as fair ground conditions.

The actual rate of tunneling was calculated from Table
3. Using the factors from Table 2, the achievable rate of tunneling

was calculated. It is found that total actual monthly progress is
284.92 m and achievable monthly progress is 405.77 m (Table
3).

CONCLUSION
The management of the project directly affects the

progress of tunneling.  By optimization and improvement of
management condition at current ground conditions, 120.85 m
more could be expected to be excavated per month, which will
ease the project completion on the designed time and costs.

Authors are thankful to Lower Likhu Hydropower Project
for giving permission to publish the data.
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Lake Sediment proxies and their response to Indian Summer Monsoon: A
Review from the Himalayas

INTRODUCTION
The Himalayan Tibetan plateau, various Indian

subcontinents and several regions in south-west China experience
Indian summer monsoon and its effects as its dominant climate
system in this region (Jin et al., 2009). Due to ISM variability
and its interconnected mechanisms (Fig. 1), it serves as a primary
source of fresh water for more than 1 billion people in South
Asia (Bird et al., 2014a). Many Indian subcontinents receive
enough precipitation from the ISM influencing the economic
and societal revolutions (Xu et al., 2018).

The composition of lake sediments is spatially
heterogeneous in nature. Many researchers thought that the
study of one part of the sediment could not lead to the real
outcome. The trend of studying multiple cores for sediment
deposition in both time and space has started (Engstrom and
Swain, 1986; Wang et al., 2009). Various closed and semi-
closed lakes in arid and semi-arid regions in the Tibetan Plateau
showed deposition of carbonates in the lake bed. Among three
forms of carbonate depositing in the sediment, endogenic and
authigenic carbonates are mostly used to reconstruct the paleo-

ABSTRACT
Environmental changes since different timescales can be exhibited from lacustrine sediment sequences, and the reported changes can
be interpreted in terms of environmental fluctuations, change in vegetation patterns, intensification or weakening of weather phenomenon.
Paleoclimate can be reconstructed by using different proxies from the lake sediments. There are various scientific tools that can
uncover the evidences of past ecological and climate changes. The understanding of global environmental changes can be attended
by revealing the climatic and environmental changes since different time scales.

The high-altitude regions of Southern Himalayas are influenced by Indian Summer Monsoon (ISM) and severely affected by the
impacts of climate change. However, the available meteorological data are too short for long term trend analysis and influentially
forecast future. To fill this data gaps there are prospects of using other multi proxy climatic data including physical proxies such as
TOC, C/N ratio, isotopic and elemental analysis and biological proxies such as pollen and diatoms analysis. However, vast knowledge
gaps exist in this aspect because very few researches with limited scope have been carried out. There is lack of long instrumental
climatic data for enduring trend analysis, and develop suitable adaptation measures to cope with adverse impacts of this climate
change. This study aims to review the reconstructed climatic history of various region. The findings of the study will be useful to
academia, policy makers and researchers.
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environment of the region (Ju et al., 2010). Sediments in the
lake can either originate natively i.e. autochthonous source or
deposit from other places than its origin known as allochthonous
source, serving as a laboratory for local or regional climate
archives (Korsman et al., 1999). The sediment depositional
process in the bed of the lake is not uniform due to differences
in energy and remoteness from sediment input point, resulting
in the distribution of fine sediments in the deep water whereas
the shallow parts inhabiting granular sediments (proxies like
total organic carbon (TOC), total nitrogen (TN), etc. (Schrimm
et al., 2004). While there are no sufficient records of such
examinations in the lakes of the Southern Himalayas. Similarly,
isotopes of oxygen (18O) and carbon (13C) values in the lake
sediments can be derived as a proxy for temperature and
precipitation. These isotopes have high significance in paleo
hydrology and reconstructing paleoclimates (Hardenbroek et
al., 2018). Likewise, the lithogenic composition of the watershed
highly contribute ionic discharge into the lake (Lami et al.,
2010). The ion composition of water provides an instinct towards
its source and controlling factors. Similarly, the composition of
elements in the lake sediment is very informative about its


