Case Study

World’s highest-altitude GIS substations

This case study seeks to appreciate the challenges associated with construction of power
transmission infrastructure in exceptionally challenging topographic and weather conditions.
The project: Four 220/66kV gas insulated substations at Kargil, Drass, Khalsti and Leh, all in
Jammu & Kashmir, and 220/66kV Leh-Khalsti transmission line, Jammu & Kashmir.
Project Owner: Power Grid Corporation of India Ltd (PGCIL)
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Project Architect, Design & Engineering Firm: KEC International Ltd

K

EC International set out to
construct India’s highestaltitude 220/66kV GIS
substations at Kargil, Drass, Khalsti
and Leh in Jammu & Kashmir, at
an altitude of over 11,500 ft. Drass
is known as the second coldest
inhabited place in the world, where
winters temperatures drop to as as
low as −49°C.
These substations, part of the
220kV Srinagar-Leh transmission

system, were critical to strengthen
power connectivity in the Ladakh,
region. This prestigious project
extended grid connectivity with
the difficult geographical terrain
of the Ladakh region in Jammu &
Kashmir and facilitated delivery of
reliable power from the Northern
Grid, during all seasons.
On February 3, 2019, Prime
Minister Narendra Modi dedicated
the Srinagar-Leh transmission

system to the nation. The project
ensures quality power supply
to Ladakh round the year,
giving huge boost to the tourism
sector and enhancing socioeconomic development of the
region.
KEC International was the only
contractor to complete two GIS
substations (Leh and Khalsti)
associated with the transmission
system, ahead of schedule.

Completed 220/66kV GIS substations (Clockwise from top left) – Leh, Drass, Kargil and Khalsti
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File photograph of work in progress on a GIS substation

Key elements for winning the
project:
• This project had unique challenges
- extreme weather conditions and
sub-zero temperatures for most
part of the year, along with being
located in close proximity of the
Line of Control, which is one
of the most politically sensitive
areas in the world.
• KEC, being a global EPC major,
has executed projects in similar
weather conditions and politically
sensitive areas, and factored in
these challenges at the bidding
stage.
• KEC also leveraged its adjacent
transmission line for substantially
reducing the overhead costs
for this project and also used
its
cutting-edge
logistical
experience in reducing the head
loading costs, both of which were
beneficial to quote the lowest
bid.

Project Design

• The GIS hall was to be designed
in such a way that the pressure

within the hall would constantly
remain the same. This was an
extremely challenging design,
given the extreme weather
conditions in the region.
• The steel used for designing the
substation structures was also of
a special category, making it a
one-of-its-kind substation in the
country. Designing the same was
a quite a challenge, which KEC
was able to complete without any
deviations.

Project Uniqueness/Challenges

• The
tricky
geographical
landscape
of
the
region
posed several challenges for
construction, including arranging
logistics of heavy equipment
(especially transformers and
reactors) required to set up the
substations. Extreme snowfall
in the region also cuts off road
connectivity from October to
May each year. KEC’s project
team took on each challenge
step-by-step through meticulous
planning, including, transporting
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transformers from Hyderabad in
November 2015, in order for the
consignment to reach Jammu by
April.
• Sharp turns and narrow roads in
the valley posed difficulties for
a normal trailer to transport the
equipment. Therefore, low-bed
trailers with pullers were chosen
for the same, increasing the
total weight of each trailer to 75
tonnes.
• Unfortunately, some of the bridges
leading up to Leh and Drass
were either weak or partially
constructed. Further, they had a
load carrying capacity of only up
to 30 to 40 tonnes, whereas the
capacity required was at least 90
tonnes. KEC undertook the work
of
strengthening/completing
these bridges upon itself. A
cross-functional team comprising
engineering,
logistics
and
execution functions was formed
to come up with cost effective
and innovative methods of
transporting the equipment to all
four locations. Support structures
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• All pipelines and water tanks
in CRB, GIS and residential
building were covered with
proper insulation to prevent
adverse weather conditions.
• All
ICTs
(interconnection
transformers) and reactors were
provided with NIFPS (Nitrogen
Injection
Fire
Protection
System).
• For work at height above 1.5m,
aluminum scaffolding was used
in all construction activities.

Project Management and Execution
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File photograph of work in progress on a GIS substation

with heavy foundation needed to
be created under the bridges. All
material for the support structure
i.e., specially fabricated cross
angle for grips were manufactured
at the company’s transmission
tower factory and were specially
designed to support the bridges
of up to 15m height. It took 45
days to successfully construct and
subsequently, get the required
approvals.
• At the same time, GIS equipment
imported from South Korea had
to be shifted from Kolkata Port
to the four locations. Since GIS

systems are broken down for
transit, there were a total of 95
containers, with each container
having a load of 5-7 tonnes. A
safety test run was conducted on
the route before transporting the
actual containers to the site.
The technology adopted to counter
the adverse weather conditions in
the region is summarized below:
• Due to high wind speed and
freezing
temperature,
KEC
provided
hermetically-sealed
double glass in all GIS halls and
control room buildings.

Strengthening of the Nurla Bridge
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• Roads leading to the Leh-Ladakh
region are open only from midMay until October every year,
which provides only a 6-month
working window. The team
prepared a detailed working
schedule from March to midJanuary, factoring in various
conditions such as accessibility
to roads, basic amenities such as
food, availability of labour, access
to safe shelter, etc.
• In March, labour was transported
to the project site via air. Due to
high wind speeds, work shifts
were kept from 8am till 3pm.
Makeshift stays was arranged on
site, to save time.
• The team procured and stored
necessary cement (in room
temperature to prevent material
from freezing) and steel for the
upcoming working window.
• Delivery schedule of all equipment
and accessories was planned
in detail with the procurement
team, and the same was tracked
on a regular basis, to ensure
delivery of equipment in the
required working season. Items
such as cables and accessories,
which was in short supply, were
arranged from the vendor and the
same was airlifted. Overall, KEC
saved nearly 60 days by airlifting
the material.
• One of the most critical activities
was the timely delivery of
transformers and reactors in the
months of October and November
2016. It took almost a year for
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Project Economics

• By ensuring proper sequencing,
dependency and prioritization
of activities, the team worked
towards reducing the time taken
or time wastage between tasks
so that activities could be started
in parallel, without idling of
manpower or machinery.
• The
common
resources
(manpower & machinery) for

Prime Minister Narendra Modi dedicating the 220kV Srinagar-Drass-Kargil-Khaltsi-Leh Transmission
System to the nation

all projects were synergized to
optimize time and reduce costs.

Health & Safety

• KEC International is an ISO
9001:2015,
ISO
14001:2015
and ISO 45001:2018 certified
organisation. At KEC, business is
driven by strict adherence to all
statutory environment, health and
safety (EHS) regulations, which
enables the company to create a
safe, healthy and conducive work
environment.
• Health and safety of the team
was taken care of with constant

The degree of isolation
the erstwhile Leh district was bifurcated into Leh and Kargil in 1979. Ladakh, covering
around 60,000 sqkm, broadly refers to the region included by both Leh and Kargil districts.
Ladakh covers around 70 per cent of the total geographical area of Jammu & Kashmir. The
difficult terrain of Ladakh has left this region isolated, with very low density of population.
According to the 2011 Census, the density of population of Leh district, which has an area
of around 45,000 sqkm, is only 3 persons per sqkm. The comparable metric for Kargil is
around 10 persons per sqkm.
Till the commissioning of the Srinagar-Leh line, there was no electric connectivity between
Ladakh and the National grid. Establishing this connectivity was the main objective of the
Srinagar-Leh transmission scheme, which includes 375 km of single-circuit transmission
line at 220kV from Srinagar (Alusteng) to Leh, via Kargil and four 220/66kV GIS substations
at Drass, Kargil, Leh and Khalsti. Ladakh region traditionally got its electricity from local
micro-hydropower projects aggregating some 14 mw, and diesel generators worth 12 mw.
The energy shortage in the Ladakh region has been as high as 95 per cent.
(Note: This information was compiled before the repeal of
Article 370 and Article 35A of the Indian Constitution.)
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supply of medication for altitude
sickness, a common phenomenon
in this region.
• Considering the adverse weather
and drastic climate changing
condition, every personnel was
made to undergo a pre-medical
checkup to ascertain that the
person was fit enough to sustain
working at a high altitude of
11,500 ft.
• A specialized first-aid team was
deployed at each substation to
continuously monitor the health
conditions of the engaged labour
at regular intervals. Additionally,
a temporary set-up was created
within the project office to
take care of frequent nose bleeds,
lack of oxygen issues and any
other emergency conditions on
site.
• Stringent safety measures enforced
at the project sites ensured that
the project was completed with
zero accidents, establishing our
commitment
to
maintaining
quality of project delivery even in
extreme conditions.

Socio-economic Impact

• This prestigious project extended
grid connectivity with the difficult
geographical terrain of the LehLadakh region in Jammu &
Kashmir and facilitated delivery
of reliable power from Northern
Grid during all seasons. 
n
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the transformer to reach the
site. During this time, nitrogenpositive pressure was maintained
inside the transformer. As per
client procedure, once the
transformer reaches the site,
the oil needs to be immediately
filled in the transformers up to
core level, in order to carry out
oil filtration. The transformers
cannot be stored without oil
filtration. KEC completed the oil
filtration of all the transformers in
November and December 2016,
which was before the closure of
the planned working window.
• In the Srinagar-Leh Transmission
System, KEC was the only
contractor to complete two GIS
substations
associated
with
the transmission line, ahead of
schedule.
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